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PREFACE   TO  THE  FIFTH  EDITION. 


I 

I 


The  iaiue  of  tiie  Fourth  Kditiuu  of  the  jn-eseut  work  was  attetulwl 
nit  mncli  iipprehcnBioii  on  the  jxirt  of  the  Author,  lest  the  over- 
IjrnwTi  bulk  which  it  bod  attiuned,  in  consequence  of  his  ilueiru  tu 
RDiler  every  part  o(  it  as  complete  iv  possible,  luiglit  prevt^ut  the 
mntinnuico  of  that  graeral  dcmanii.  which  it  hod  lieoD  the  good 
IbrtODo  of  previous  Editions  to  eKcile.  It  has  heeo,  therefore,  a 
•oonM  of  p«cntiar  .satisfaction  to  him.  that  the  unprccedentlv-rspid 
a>]«  of  *  Ia.rge  impression  should  have  so  pmraptly  renewed  tlie  nssix- 
mM«  of  a  bind  appreciation  of  his  labours,  ou  the  partof  those  to  whom 
he  ntoat  desire*  to  render  them  acceplnble.  And  the  euccoss  whieh 
has  thus  stl«ndod  them,  hn«  been  an  ad<iitional  iuduoomunt  to  him  to 
9pn»  no  poiiM  to  dcsen'e  a  eoutiuuance  of  it. 

In  oommenolng  the  preparation  of  a  New  Edition,  however,  it  was 
cvidioit  to  him,  that,  an  the  dimensiiims  of  the  volume  altogether  pre- 
cinded  BnT  increase  in  the  number  of  iM  pages,  whilst  their  previous 
rvplctiuD  ei^unllv  prevented  any  augmentation  of  their  eti])acity,  no 
luUiiion  of  uew  matter  eould  be  made,  without  a  corrospondiiig 
iiwi'wt'w*  of  old, — B  [iroctteding  which  he  could  not  bring  himself  to 
miopi.  But  having  already  been  led,  by  the  occurrenee  of  the  same 
AfficultT  in  the  case  of  hiB  "  Principles  of  GeneiiLl  and  t'ompiirative 
niysiologj,"  to  detonnine  ujhiu  the  diviaion  of  tltat  work  into  two 
^Mrat«  and  independent  treatises,  on  "  Gciiend"  and  ■'  Comjiarative 
Miwaoli^y"  respectively,  it  seemed  to  him  to  be  the  siniplest  aud  mcmt 
dodnble  plau,  to  (ranker  from  the  "  Eiuman"  to  th«  "Cenerul  Pby 
uoii^"  feUch  parts  of  tho  fonDer  a*  could  with  propiiety  be  incor- 
•rilli  the  liitler;  thus  effecting  aneh  a  reduction  in  the  size  of 
"Unman,"  «»  might  enable  him  to  make  any  additions  to  it  thut 
pK^nsa  of  Science  should  reipiire;  and  at  the  same  lime 
the  "  Goooml"  luore  coroin-eheiimve  and  complete  in  itwlf, 


VUl  PKBFAUE  TO  THS  FIFTH   EDITIOH, 

M  well  as  a  more  appropriate  companion  either  to  tlie  "  Comparative 
or  to  the  "  Humnu."  These  three  books  will  henceforth  conRtitute  a 
man;  independent  but  TntUiuiUy-connectedTrevAmeB,  on  the  throe  grea 
deparbnienta  into  which  modem  Physiology  naturally  divides  itself 
and  the  Author  has  only  to  hope,  that  he  may  be  found  to  havi 
thus  devised  the  most  appropriate  method  of  meeting  the  nuineroiu 
kind  suggestions  which  have  been  mode  to  him,  in  regard  to  tht 
division  of  lib  inconveniently-bulky  Volumes. 

In  accordance  with  the  foregoing  plan,  the  Second,  Third,  and 
Fifth  Chapters  of  the  last  Edition  of  this  work,  which  included  a 
summary  of  Animal  Cliemtstry,  and  of  the  Structure  and  Actions  of 
the  Animnl  TiiMues,  amounting  in  all  to  about  250  pages,  have  been 
omitted  front  the  present.  On  the  other  hand,  additions  have  been 
made,  to  the  amount  of  above  70  pt^es;  and  these  by  no  means 
constitute  the  whole  of  tho  new  matter  introduced,  since  many 
portions  have  been  re-written,  with  little  or  no  increase  of  bulk.  It 
has  been  the  Author's  desire,  on  this  as  on  former  occasions,  that  his 
Treatise  slionld  represent  hia  present  convictions  and  ojiinions,  as 
completely  as  if  it  were  making  its  appearance  for  the  first  time;  and 
ho  has  accordingly  subjected  every  part  of  it  to  a  revision  not  less  careful 
than  that  which  he  would  have  bestowe^l  upon  it,  had  it  less  recently 
jwssed  under  a  similar  scrutiny.  Although  the  minor  result's  of  this 
revision,  which  ai-e  scattered  tliroogh  almost  every  jiart  of  the  volume, 
would  not  be  ap]>arent  save  on  a  scarcliing  coroiJarison,  yet  he  trusts 
that  they  will  be  found  to  have  incroasod  the  utility  of  tho  work; 
— those  of  more  importance,  however,  he  deems  it  well  now  to  jiar- 
ticularizo. 

In  the  Chapters  which  treat  of  tho  several  Oi^nic  Fimctiona, 
many  important  additions  have  been  derived  from  the  admirable  work 
of  MM.  Bidder  and  Schmidt,  "  Die  Verdauungssitfte  und  <ler  StolT- 
weclisel,"  which  contains  the  results  of  those  elaborate  researches  on 
Digestioit,  Respiration,  Secretion,  and  the  Metamor[)liosi8  of  Tissue, 
which  have  carried-on  for  several  successive  years  in  the  Dorpat 
Laboratory.  It  may  be  thought,  perhaps,  by  such  as  are  conversant 
with  this  work,  that  tho  Author  has  not  made  sufKcient  use  of 
the  vast  body  of  information  which  it  supplies :  but  he  must  lie  per- 
mitted to  remark,  in  the  first  place,  that  so  many  of  the  stat^'mcnts  of 
these  able  Ebcjierimenters  are  in  direct  contradiction  to  those  of  others 
who  had  previously  stood  in  good  repute,  as  well  as  to  generally-accepted 
Pliysiological  doctrines,  tliat  it  is  yet  doubtful  on  which  side  the 
truth  lies;  and,  secondly,  that  oven  where  their  foots  are  not  disputed, 
there  ia  often  so  much  doubt  respecting  tho  right  interpretation  of 
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ttuirc  npttdallj  in  r^ird  (o  their  ApplicaliUity  to  Man,  Otitt 
br  ban  Mairely  jiuJged  it  cxpeilient   to   admit  Bucli  into  it  Trcatige 
which  eq»cuUjrftiinfl  at  embodying  Uie  cerUdnties  of  Physiological 
^^Srianc«. 

^H  Tits  portions  of  Chapter  tr.  which  relate  to  the  Gloudulaa  of  the 
^HUMteA  Sy8t«i]i,  &nd  to  th«  Vascular  Olnnds,  havs  bees  almost 
^^^^^^B*^""" '**"'■  ^'*  ocooi-ilaacc  with  the  improved  kiiowleilgc  of 
thse  IxnUen  which  has  bevu  roceotly  attdiined,  tlirough  the  luboui's  of 
nrioiu  hislolo^cal  Anatomists  and  expcrimeutul  Phyaiul agists,  espe- 
iiaHj  Briioke,  Kiilliker,  nnd  H.  Gniy. 

The  [Htrt  of  Chapter  ix.  in  wliiph  the  Minute  Anatomy  and  thu 

ThyMclugy  of  thu  Liver  are  diacimsed,  lioa  Ueeii  brought  into  accord- 

mee,  on  tuost  point*,  with  the  views  outortained  by  Fi-of.  Kolliker  as 

lIo  it*  structure,  and  with  tlioiw  of  Dr.  C.  HnndfioM  Jones  in  regard 

actions:  the  Autlior  being  now  convinced  that  the  account  of 

oipin  ginen  by  Ur.  Lridy  and  by  Prof.  Rct^zius,  to  which  he  had 

ly  seen  reason  to  offient,  is  ba^ed  on  a  wrong  intorpretAtion  of 

hjijx^nniucea  presented;  and  that  the  liver  really  unites,  ua  well 

ly  su  fuuctioually,  the  eBuentiiU  oharacters  of  a  VbscuIw  or 

AEaimilatiug  Gland,  with  thoee  of  tin  Kxcretory  Gland. 

In  Chapter  XL,  on  the  Functions  of  the  Oerebro-Spinal  Nervoiu 
^vt^lu,  Uie  Anthor  hua  again  seen  reason  to  introduco  very  eoutiider- 
»l<fe  ntodificatiunai  these  bavijig  reference  for  the  moat  port,  however, 
t»4her  to  the  order  of  tittoeMKim  of  Uie  eu)>jeot4i,  than  to  the  opinions 
^^^nvioD^y  pat-forth, — the  latter,  in  &ot,  having  rcacived  most  satis- 
I^VKtofy  confirmation,  alike  &om  the  aM:ordnnce  whloh  has  been  ex- 
finMn  J  with  them  by  many  liighly-compctent  judges,  teoai  the  Authoi'e 
own  more  matured  i-cflectiona,  and  from  certain  occum/nccH  of  [lublic 
nolnrtety  which  have  uHorded  most  remaikable  exemjil ificationa  of 
tbna.  It  would  Lave  been  scarcely  possible,  in  fact,  to  conceive  of  any 
niiro  appoaito  and  convincing  proof  of  that  indupendijiit  automatic 
actiTity  of  the  Cwrebrnm,  and  of  its  involuntary  inlluence  in  producing 
HuovuW  conlnkCtion.  which  the  Author  hod  formnlariMd  in  the 
c  of  "  Ideo-Motor  action,"  than  that  wliich  was  afforded  by 
^wlcouic  of  "  Table-tuniiiig"  and  "  Tabte-tnlkiug,"  which  began 
through  Euro|)e  just  at  the  qtoch  of  the  publication  of  tho 
Edition,  in  which  ttiat  doctrine  wa»  lirst  distinctly  developed. 
nd  tamo  of  the  rarer  phenomena  of  tliat  £|>idcuuc  also  afforded 
tcrating  UltiatrHtionn  of  hia  doctrine  of  "  Unconscious  Cerebration  ;" 
Im)  validity  of  whieli  haa  Iich-d  admittod  by  many  emini-nt  Psycholo- 
t«.  who  have  DO  Ivauiiig  wliatover  to  what  is  commonly  termed 
Uatcrnlimi."     Nut  among  the  least  va]\ial>le  of  the  toetimonies  to 
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tliu  ^oiiornl  porrectnctrts  ol'  tliti  AiiCbor's  (iowM,  iw  t*)  tht-  tvlnliun  of  thi 
Will  ti)  tlic  Automatic  ojicntliuiis  uf  tW  Cerebrum,  ure  those  whicd 
liu  tins  ruceived  from  individuuls  pnutliciUly  ooTiveraniit  witb  various 
(IrliHrtiiii'nts  of  Education  (eBinwiully  ^botils  for  tJia  Koformation  ofl 
Juvnnjie  I)«liiiqui'iit!i),  aod  Willi  tlie  Troiitroent  of  iDsanity.  In  reJ 
VBKting,  SB  A  tieparute  Section  of  tbiti  Cliaptor,  all  tbal  relates  to  "  Tlifl 
Mind  ubd  ita  0|H.-mti4iis,"  tile  Anthor  lias  dt.>riv«id  luaiiv  vidaabln 
Hiiggcatious  (uid  much  rtssiBtonce,  in  regard  to  the  '  Perceptive  and] 
Intiiitionul  C'onsciousness,'  fmm  the  valualik-  "  Elenioots  of  Psjrclio-J 
logy"  of  hia  frit'iid  Mr,  J.  D.  Morell;  whilst,  for  the  extension  ofl 
Ids  injtion  iif  tliriiw  states  of  feeling  wlucli  [.•oiiatitnle  the  cssoqco  oil 
RmotiwnB,  from  timt  of  mere  jieo^ire  and  pain  tn  which  he  had  pre-l 
vioiisly  limited  thoni,  to  more  varied  forms  of '  Rmotionnl  SenaiUlity,'! 
US  well  tta  for  the  suggetttion  of  tliat  very  appropriate  term,  lie  iai 
indebted  to  hia  friend  Dr.  Daniel  Noble.*  The  whole  of  thia  Scctionl 
but  parsed  nnder  the  i-evision  of  the  Rev.  W.  Thouiaon  (Fellow  andl 
Tutor  of  Queen's  College,  Oiford),  the  Author  of  the  well-knownl 
•'  Outline  of  tbti  Kecpssjuy  Liiwk  of  Tlioiiglit ;"  for  whoa?  fcindiiees  in  I 
unilertaking  thia  labour  in  bdudf  of  one  iiltiio»t  a  Ktraii^'i-^r  tu  him,  the! 
Author  bad  groat  plonsurc  iu  inakiDg  this  acknowledgment  I 

111  Chapter  XII.  (|Birt  of  the  first  scotion  of  whiob  has  been  trans- 1 
ferred  to  what  seemed  its  more  appropriate  place  lu  the  last-mentioned  ' 
division),  the  section  on  Vision  has  received  several  additions  and 
luodiBcAtioiis  \  the  moat  important  of  which  are  derived  from  the 
researchoe  of  H.  MuUcr  on  the  Stmctiire  of  the  Retina,  from  tlio 
i-nquirit*  of  Prof  Whcatstone  into  various  [loinla  in  the  Phv»iolo(y  of 
Binocular  Vision,  and  from  the  curious  invest igationa  niude  by  l)r. 
Bcrre  in  ri^ganl  to  the  subjective  phenomena  produoed  by  prosBure  on 
tbe  Eyohall. 

Fi'om  Chapter  xm.,  also,  the  section  "  On  tbe  Influence  of  £x|icctaut 
Attention  on  Muscular  Movenieiita"  baa  been  for  tbe  moat  |>art 
removed  into  Chapter  XI,,  where  it  completed  tbe  doetiino  of  Ideo- 
Motjir  action ;  whilst  the  small  portion  rehiting  to  the  moveitiontu  of 
the  Orgnnic  Miiseloa  has  boeu  transfurred  to  Chapter  xv.  To  tJiiF- 
last  Chapter  htie  also  beeu  removod  the  account  of  the  structure  and 
re  ntions  of  tbe  Synipatlietic  System ;  so  that  it  now  emlirnocs  a 
Bumniary  of  all  tlie  priucipal  tnudes  in  which  the  Ntrvous  System,  or 
the  Mind  through  its  agency,  afli'cts  tbe  Organic  Functions. 

"Various  improvements,  searcely  worth  here  particularizing,  have  been 


•  8m  hi»  "  ElBnitiiW  -if  Piijrcligliigipul  Mtil iduii, "  Sml  wlit.,  p.  56.— This  liWU 
Viirk,  Ihc  Anlhur  itlLi>U|{li  a"t  tuvnrvlinf;  i>i  evvrylhing  it  rniilniiiii)  w.iii)i]  ilroDBlT 
ivcuDilnnHl  t"  nil  who  kit  cnlrrin;  -'ii  Uiv  iirarticv  nf  tlivir  Hp'rvraii'ii. 
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I  in  tnujitcr  xvi„  «u  tHc  UcncrntiTc  Fiinctiou ;  the  most  iuipor- 
itdililioiui  ItifiR  B  sniunini^  i-f  Dr.  r'allou's  rraieaniht-B  on  tlm 
ilistinction*  tx'tiwccii  the  C»q>iis  Liitenm  of  shiiplv  Mt^nslmntiuii  nnil 
lint  of  Pifgnaucjr,  and  a  ootice  of  certain  onrionH  oircumBtauces 
MitomdiDg  thfi  tmnsmisBidti  of  Farental  chanictora  to  the  Ofispring 
•rhidi  hATt-  a  direct  liesHng  ou  the  questiou  of  Marriage  of  tiunr 
■•latioiu. 

Clii^itor  xviiL,  "  Ou  the  Uudes  uf  Vital  Activity  Ohai-auteristic  of 
at  Af^es,**  has  been  almost  entirely  wi-itt«n  s[ti.>oiully  fur  tliis 
f  Bdilioii :  lh<f  «ul>j»-t.  wliich  had  been  only  tuuclicd-on  iiiciilentnlly  iu 
[the  prccMltug,  appearing  to  the  Author  to  deserve,  under  every  point 
^•rTvMW,  ■  nwtre  express  oouaidfiratiou. 

The  entire  uilmber  of  Wood-Eiigravingn  halt  iiecewwily  utidergoim 
«MDe  mluction,  owing  to  the  transference  of  no  fewer  thitu  S2,  whi(;h 
lilluBtnitcd  the  stnioture  of  tlit.-  Primary  TiiisueB,  to  the  "  General 
I  Phy:(KilCigy.''  Utit  as  many  as  46  new  ones  have  been  introduced,  iu 
iJtioD  lo  those  which  pri'viou»ly  illnstmted  the  aubjects  treated-of 
tb«  (iresent  vnlume ,-  these  having  been  fnr  tJie  most  |)art  druwu 
.  from  the  "  Mikroskopische  Anntoinie"  of  Prof.  KiiUikcr,  and  from 
Itbo  new  edition  of  Prof  Wagner's  "Icones  Physiologicn; "  now  ticing 
Ibrotigbt-OIlt  under  the  able  superintendence  of  Prof.  Ecker.* 


Th«  Author  Lniste  that  it  will  be  apparent,  frcm    the  foregoing 
imaauj.  that  he  lias  sjtarod  no  pains  to  render  the  present  Edition 
worthy  of  th*-  favourable  reception   which   has  been  aceoi-ded  to  its 
[  predt«(«aont.     In  making  his  selection  from  the  vast  miias  of  results 

tiicfa  hnre  been  recently  accumulated  by  the  diligent  labonreof  Phy- 
joloptts  of  vmrioua  countries,  he  has  been  guided  by  the  principle 
which  he  Kiid  previously  tipreased  on  several  occasions; — tlmt, 
namdy,  uf  not  rashly  introducing  changes  inconeiiitenl  with  usiially- 
TV«eive4  rirw»; — nor,  on  the  other  hand,  showing  an  unwillingness  to 
adopt  thf  nalj^meiilA  of  thotw  wjio  havi:  tjkkcti  adequate  pains  to  arrive 
U  acconte  conclusions.  "  He  trusts  tliat  he  may  be  found" — noto.&a 
I — '■to  have  exerciwd  a  sound  discretion,  aa  to  both  what  he  has 
admitted,  and  what  Iib  has  rejected;  and  that  his  work  will  appear  to 
ffxhibit,  ou  thf  whole,  a  faithfiil  reflection  of  the  present  nspeet  of 
Pbyaiological  Scienw,     He  cannot  venture  to  expect,  however,  that 

*  ll  li  Uir  Autli-it'a  «iii!iiti-in  l«  pn^lnff,  when  Uis  other  engngcmontji  miij  prmiit, 
[  •  risnu  .irifiial  work,  lliut  tbail  ■la  like  cmlil,  hr  l.nul^  tu  BHtifli  SciMiiw. 
Bur  li»  l>rt«"Ul,  li"»v'or,  nil  Lis  di»iaiKilik>  tirui.-  mUBt  bf  jiion  lii  ihe  comiilcliuu 
rf  cMtaia  Ihrrvn  un.lrrliikiD^K.  uiu.iDt:  whicli  il>c  "  Genr^ml  PliyBiolotij"  will  righlly 
■I^Ba  kia^l;  ■Ilcji1»iu.  >ui>l  U<  |iii-)iiiriu^  frir  [lulilii'iliou  a  inrl»  of  nriKiiial  ruiuudu's 
m  mmUwT  ilc)«rtinMil  uf  Viol^^cnl  Scioiini,  un  wliich  he  lint  l«vii  fur  wiiie  time 
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he  haa  succeeded  in  every  ioBtance,  bo  that  each  of  his  readers  will  be 
in  constant  agreement  with  him;  since  it  is  impossible  that  they 
should  all  survey  the  subject  irom  the  same  point  of  view." 

In  concloHion,  the  Author  would  repeat  the  remark  with  which  he 
brought  to  a  close  the  Preface  to  the  firat  Edition  (1842); — "  that  in 
a  work  involving  many  details,  it  is  not  to  be  expected  that  no  cnvr 
should  hare  crept-in ;  but  that  he  has  eudeavoured  to  secure  correct- 
ness, by  relying  only  upon  such  authorities  as  appeared  to  him  com- 
petent, and  by  comparing  their  statements  with  such  general  principles 
aa  he  considers  well  establinbed.  For  the  truth  of  those  principles  he 
holds  himself  responsible;  for  the  correctness  of  the  details,  he  must 
appeal  to  those  from  whom  they  are  derived,  and  to  whom  he  has 
generally  referred.  Ho  hopes  that  he  may  not  be  found  unwilling  to 
modify  either,  when  they  have  been  proved  to  be  erroneous;  nor 
indisposed  to  profit  by  criticism,  when  administered  in  a  friendly  spirit." 

UnvusiTT  Hall,  Londoii,  March,  1856. 
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9.  Portion  of  tho  miLTDiii  layer  of  ihe  gernunil  memlirine,  highly  mttgnifiod;  sho' 
thai  it  it  madH-ui)  of  eiAls,  whuae  liurdera  nre  mvTa  dUtlai^t  and  mora  g|i 
aj>pned  til  each  other  tliau  IhoM  of  the  bbtoub  \njei,  and  nhose  conlenU  i 
mure  tmoBpOTUDt  (S  8S8). 
[Tlie  nil  pi-Meding  Ggiiree  ore  after  Bisohoff  ( "  Satwickelunesgeeehiefata 
SHueelhiere,"   4c.  (1842),  —  "  dca    KaninoiiBn-eiea"    (18*2),  —  " 
Huade-eii^ii"  (1815).] 

1 0.  Qravid  Dtoros  of  a  Woman  who  had  omnmitled  Boicide  in  the  sereuth  wed 
pngnonrir,  lud  opun ;  a,  db  uteri  iul«rnum ;  b,  cavitf  of  the  oen 
c,  f.  c,  e,  tho  four  flapa  of  tbo  l»df  uf  the  uterus  tunial  Inck ;  d,  d) 
inner  surflwe  of  iil«riue  depidnii;  r,  t,  deeidun  refleia;  /,  /,  citemal  rili 
Huifairc  of  thu  cliiiriun ;  //,  inteninl  surfuoe  uf  tbu  eliuriua;  h,  omal 
i,  luiiliiliiuJ  'eaiule;  t,  umblliool  cord;  I,  embryo;  m,  apace  betw 
eborion  and  amnion  fH  802-364,  and  89D,  S91).     [Aftei  Waguer  ("1m 
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11.  Dterine  Ovnin  of  Babbit,   elioviug  Uie   Area   PoUtiiiidn,   vith   tlie  pnmitii 

true  (g  880).  ■ 

12.  More  adTiuiced  Ovum,  showing  the  iucipient  r>rmatJuTi  of  the  Tertebrol  colunu 

anil  the  dllalAtion  of  the  pnmitiTe  groove  at  itH  onteriot  eKtremlt]'  (^  S89). 

13.  Mora  adTonrcil  Bmbryo,  aeen  on  ite  ventral  elde,  and  ahowing  the  first  develop 

ment  of  the  Circulating  apparatus.  Around  the  Voacular  Area  ia  eliown  thi 
tenninal  sinaa,  a,  a,  a.  The  biuod  retama  from  this  by  two  auperioi 
brani^ee,  A,  fr,  and  tvo  inferior,  c,  r,  of  the  omphaJo-meaeni^ric  veins,  U 
tbe  heart,  d;  wluch  is,  at  thla  period,  a  tube  curved  on  itself,  and  presrnting 
the  Hr^  indication  of  a  division  into  cavitjea.  The  two  aortic  trunlca  appear, 
in  the  abdominal  region,  as  the  tafcrior  vertebral  arteries,  e,  ej  from  which 
are  given-off  the  ompbalo-meBenteric  arteries,  /,  /,  whinb  form  a  network 
that  distributes  the  bli.nid  over  tlie  vasuular  arnk.  In  tbe  cejihnlie  n^on 
are  wen  the  anterior  cerebral  vemcles,  with  the  tvo  ocular  ve«ieliia,  g 
(81  8S0,  BB2). 
[The  three  preoediug  Ggurai  are  from  the  works  of  BUcholT  previonalj  cited.] 
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CHAPTER  I. 


OF   THE    DISTINCTIVE    CHARACTERISTICS   OK    MAN. 

1.  Bt  Cuvicr  and  nearly  all  modem  Zoologists,  the  various  races  of 

aldnd  arc  includeil  iui<ler  one  genus, /I'tiiw ;  au'l  this  geiiiiK  takies 

.  in  ihe  clnssificatioD  of  Mammalia,  as  u  (lisiinut  order,  Dimana,  ol' 

wlucfa   it  i»  thi"  sole   rc['n.«(-utittjve.      Of  nil   the  ciiaraotere  which  dis- 

h  Man   from   the  inferior  Mnmnmlia,  the  postusfsion  of  liao  ttandji 

.  duabiless  the  most  eairily  recognized,  aad  at  the  same  time  the  mijst 

stinuttelf  relate<)  to  the  geuerul  organization  of  Llie  body ;  end  thuri;  is 

fnone.  therefore,  whicli  could  be  more  apjirojiriately  seli.>ct«d  aa  the  basin 

of  n  distiuctivo  designation  of  this  order.      At  iirst  ^gbt  it  iniglit  be 

considered    that    the    jiossesslon  of   only  tioo    hands,   whilst  Apia  and 

Monkeys  and  their  allies  are  designated  aa  jwHscssing/oJir,  ia  a  character 

of  iideriority ;  but  such  is  not  really  the  caw: ;  for  none  of  these  four 

Imiib  are  adapted  to  the  variety  of  actions  of  wtiich  tlioae  of  nian  are 

iBpsble,  aati   they  are  all  in  some  degree  required  for  suppoH ;  so  that 

wiibt,  in  the  higher  fom^s  of  the  Quadi-umanous  order,  tlie  extremitie» 

prwiijt  a  certain  approidination  in   structure  to  those  of  Man,  in  the 

lower    they    gmdually    nasimilat*    to    the    onlinai-y    q\iadru|ie(Ial    type. 

"Tlat,"  sayv  C'uvier,  "which  ooiistitiitea  the  liaiitl,  properly  bo  called,  is 

the  C^ral^  of  opposing  the  thumb  to  the  other  fingers,  so  as  to  seize 
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flaml  nt  tla*.  onnipimd  wilb  ■nurieit  nlmtiilr  at  OMf  ■ 

^Iie  most  minute  ol-jocts;  a  faculty  which  is  carrit'd  t."  its  highest 
of  perfection  in   Man,  in  whom  tlie   whole  anterior  extremity  is 
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free,  rdcI  am    be  employeil  in  prelicnBion."      The    peculiar  prelienslli 
piiwer  ]M>isiancd  by  Mun,  ie  tbiefly  <le]jcu«leiit  uiton  the  bi/j?  and  jiower  o 
the  thiuub ;  whicli  is  more  developed  in  Iiiiu,  thim  it  is  iii  the  higliest  Ape 
(Fig.  1),   The  thumb  of  the  Human  liand  can  be  brought  into  esitct  oppo 
Bition  to  the  extremities  of  all  the  Sngere,  whether  singly  or  in  comhina 
tion;  whilst  in  those  QuadnimAnft  which  most  nearly  approach  man,  thi 
thumh  is  so  short,  and  the  fingera  so  much  elongated,  that  their  tij)S  cmi 
searcely  be  brought  into  opposition;  and  the  thumb  ftudtiugeisnre  so  weak 
tliat   they   can   never  be   opposed   to    each  other    with    any    degree    o 
force.     Heiice,  although  well  suited  Ui  cling  round  boiUeH  of  a   certaii 
Bia.',  such  as  the  aniall  bnuichea  of  trees,  Ac,  the  exti-emities  of  the  Quad 
runisnn  can  neither  flei/e  very  minnte  objects  with  such  precision,  noi 
BUpjiort  large  ouea  with  sueh  flrmueas,  as  are  eateiitial  to  the  dexterooj 
performance  of  a  variety  of  operations,  foi'   which   the  hand  of  Man  ii 
a'biiii'uhly  adopted.      There  ia  much  truth,  then,  in  Sir  C.  Bell's  remark 
that  "  we  ought  to  define  the  hand  as  ticlouging  eiclustvely  to  Man.' 
There  is  in  him,  wjint  we  observe  in  none  of  the  Mammalia  which  api 
proRch  Idm  in  other  respects,  a  complete  distinction  in  the  functional 
character  of  the  anterior  and  posterior  extremities ;  tjie  former  being 
adapted  for  pi-ehension  alone,  and  the  latter  for  support  and  progreasios 
alone  1  and  thua  ejich  function  is  performed  in  a  much  liighor  degree  01 
perfection,  than   it   can  be  wlien  two  such  opposil*  purposes  have  t<>  W 
united.     For  not  only  is  tlio  /"i  lul  of  Man  a  much  more  j)erfectiireheuflill 
iiiBtniraeut  tlian  tliat  of  tjie  Omngor  Chimpanzee,  but  his/out  ia  a  miicS 
more  perfect  organ  of  supfwrt  and  progreaaion  than  theirs,  being  adapted 
to  mointJiin  his  body  in  an  erect  position,  alike  during  rest  and  whilst  id 
Diotion  (5  5) ;  an  attitude  which  even  the  most  anthropoid  ajK'S  can  onl^ 
sustain  forashort  time,  and  with  an  obvioiiseffort.    The  arm  of  the  hiyliai 
Apes  has  as  widu  a  range  of  motion  as  that  of  Man,  so  far  as  its  HrticulaJ 
tion  is  concerned ;  but  it  is  only  when  the  animal  is  in  the  ei-ect  attitudes 
that  the  limb  can  have  free  play.    Thus  the  structure  of  the  whole  fraind 
must  be  conformable  to  that  of  the  liand,  in  the  way  that  we  find  it  to  be 
in  Man,  in  order  that  this  oi'gau  may  be  ndvantegeoiisly  applied  to  th« 
purposes  which  it  is  adapteil  to  perform.     But  it  cannot  be  said  withi 
truth  (bs  some  have  maintained)  that  Man  owes  his  superiority  to  liifl 
hand  alone ;  for  without  the  mintl  by  which  it  ia  directed,  and  the  neii^ 
by  which  its  operations  are  guided,  it  would  be  a  comparatively  valueleaj 
instrument.  Man's  elevated  position  ia  due  to  the  superiority  of  hia  miniJl 
and  of  its  material  instruments  conjointly;  for  if  destitute  of  either,  thfl 
human  raee  must  be  speedily  extinguishedaltogether,  or  reduced  to  a  vera 
Bubordiuate  grade  of  existence. 

2.  The  next  series  of  characters  to  be  considered,  are  those  by  whiol 
Man  is  adapted  to  the  erect  attitude. — On  examining  his  wniii'i/m,  w( 
remark  that  the  occipital  ci>ndylea  are  so  placed,  tliat  a  pt'i-pendic>da| 
dropped  from  the  centre  of  gi-avity  of  the  head  would  nearly  fall  betweeB 
them,  so  as  to  be  within  the  base  on  wliich  it  rests  upon  the  spina 
coliunn.  The  foramen  magnimi  1b  not  placed  in  the  centre  of  the  base  o 
the  skid!,  but  just  behind  it;  no  that  the  greater  specific  gravity  of  thi 
posterior  part  of  the  head,  which  is  entirely  filled  with  solid  matter,  i 
compensated  by  the  greater  lengtli  of  the  anterior  part,  which  containj 
many  cavities.     There  is,  indeed,  a  little  over-compensation,  which  givai 
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»  tli^t  preponilerauci!  to  the  front  of  the  head,  ao  that  it  drops  forwards 
uul  Jowuwnrds  when  all  t)ie  muHcles  ai-e  relaxi.fl;  but  the  iuiiBol(«  w flick 
»re  >tXa«bed  to  the  back  of  the  head  are  fur  iai'ger  and  tiiure  nuiueroiu 
dwa  tfaooe  in  front  of  the  condyleij,  so  that  they  are  evideutly  intended 
to  ODimtenict  this  disfiosition ;  nod  we  find,  aucordingly.  thitt  we  cau  keep 
ap  the  Iwad  for  the  whtile  day,  with  »(.•  ^Ight  mid  luviduntary  sn  efibrt, 
thst  no  Etti/^e  is  produced  by  iL  Moi'eover,  the  plaue  of  the  foiiiinen 
mignufu.  uiid  tlie  siirihet-a  of  the  condyleii,  Imve  a  iieurly  horizuntal 
£f«Ctiun  when  tlie  head  is  upright;  and  thus  the  weight  of  the  skull 
b  bud  nerticBlly  upou  tin- top  of  the  vertehml  coliimu. — If  those  arrange- 
tnettte  be  oompared  with  tliofle  which  prevail  in  other  M:Lnu[iidin,  it  will 
bs  tamtd  th*t  the  foramen  and  condyles  are  placed  iu  the  hitt«r  miieh 
nearer  the  hade  of  the  head,  and  that  their  plaue  is  more  oblirpia  Thua, 
whilst  the  foremen  magnum  ia  situated,  in  Alan,  just  beltind  the  centre 
of  the  bate  of  the  skull,  it  is  foumi,  iu  the  t'himpaiizee  and  Omng  Outan, 
%a  oocupy  the  middle  of  tL?  posterior  third  (Fig.  3) ;  and,  as  we  descend 
lluvugh  the  sc^e  of  Utammalia,  we  obsei-ve  that  it  gradually  approaches 
ibe  had  of  the  sknll.  and  at  hiat  comes  nearly  into  the  line  of  its  longest 
diHnet«r,  lu  we  gee  in  the  Horee,  Again,  iu  all  Mammalia,  except  Mau, 
dw  fiuut  of  the  condyles  is  oblique,  so  tlint,  eveu  if  the  head  were  equally 
hulwamd  npiMi  them,  the  f)«*  of  gravity  wouhl  tt'nd  to  earry  it  forwards 
And  dttwnwkrds :  in  Man,  the  angle  which  they  make  with  the  hoiizim 
■■  TBij  snull ;  in  the  Orang  Uutan,  it  ia  as  much  as  37';  and  in  thti 
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Tin  <<  llw  hHa  of  Ihe  SIniD  oC  Jfni.  crimi'sral  <nlll  Hint  at  tin  Oriiny  Onlat, 

HovM.  thmr  pliuie  is  vertical,  making  the  angle  90".  If,  therefore,  the 
naturml  pceture  of  Man  werp  horizontal,  the  plaue  of  his  condyles  would 
br  brouglrt,  like  that  of  the  Horee,  into  the  vertical  position  ;  and  the 
fanvl.  instead  of  being  nenrly  balnnc<^d  on  the  summit  of  the  vertehnil 
rolanm,  would  hang  at  the  end  of  the  neck,  so  that  its  whole  weight  would 
have  to  be  supports!  by  some  external  and  constantly -acting  power.  But 
far  thin,  tin*  is  neither  in  the  skeleton,  the  ligamentous  apparatua,  nor 
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the  muscular  system  of  Man,  any  Adequate  proTision ;  eo  that  id  any  otii 
tLaii  the  vertical  jioBiticin,  liia  heiiil,  wliicL  is  relatively  lieavier  than  tV 
of  miiat  Miininmlia,  woulil  I*  suppt-i't^tl  with  more  diffiLnilty  and  effi 
tliiiTi  it  is  iu  any  other  aniinaJ.  J 

3.  Tlio  i»wition  of  the /wre  imniediatoly  beneath  the  brain,  bo  thuj 
fi-ont  ia  nearly  in  tlie  Eanie  plane  as  the  forehead,  is  poculinrly  chan 
teristic  of  Man ;  for  the  oiimia  of  the  (.'hiraprmzee  and  Orang,  whj 

Pio.  3. 
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approach  nearest  to  that  of  Jilan,  arc  rather  poeterior  to,  than  ahoTO, ' 
(ac-c  (Figs.  3,  5).  The  projection  of  the  muzzle,  taken  in  connection  w 
the  obliquity  of  the  condyles,  is  another  evidence  of  want  of  perfect  adi 
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,tnit>;  wliilst  the  absence  of  [tromiuencc  in  the  face 

noue  but  the  trect  jmsition  can   be  natural   to  iiiui. 

ffbrsoppodng  thnt,  »itli  u  hew!  fonntd  and  situiiteil  m  at  preaent,  he 
w^w  to  move  on  nil-fours,  his  fiici*  wimid  be  brought  into  n  pluiie  pawillel 
witti  the  groRod ;  so  thut  as  ptiiufu]  an  c Soi't  would  lie  i-equii-ed,  to 
cxkatme  with  the  eves  an  objiict  piaced  in  front  of  the  bodji-,  as  is  now 
imiiBiiiij  to  keep  the  eyes  Gseil  oa  the  zenith ;  the  iio-ie  would  then  Im 
uic^ii(.-itiitvd  fur  receiving  any  other  odoruUK  emanation^  than  those  pro- 
oerJiag  froiu  the  eartli  or  from  the  body  itself;  and  the  mouth  coidd  not 
tAntda  tlie  gronaii,  wilhoat  brining  the  forehead  and  fhin  also  into  contaet 
with  it.  The  obli<)ue  position  of  tlie  eondyles  in  the  Qiuuli-unianii  enables 
then,  witbout  much  difliculty,  to  adapt  tlie  inclination  of  their  heads 
riUter  to  tlie  horizontal  or  to  the  erect  pusture ;  but  the  natui-al  po«<itiuu. 
in  the  highest  oniony  tliein,  is  unquestiouabiy  one  in  which  the  spinal 
colanuk  is  inclined,  the  body  being  [inrtially  thrown  forwanls,  so  as  to  rest 
ii]iOD  the  ant^iTior  extremities;  and  in  this  position,  the  fac«  is  directed 
lorwu^  without  any  effort,  owing  to  the  mode  in  which  the  head  ia 
aely  articulated  with  the  spine  (Fig.  3). 
1.  The  veiirhral  culriiiui  in  Mnu,  although  not  ab§olut«ly  stnught,  has 
cnmR  M>  Mimnged,  that,  when  the  body  is  in  an  erect  posture,  a  vertical 
line  from  its  (umiuit  would  fall  exactly  on  the  centre  of  its  base.  It 
iiiinawH  ooiuddianbly  in  size  iu  the  luralar  region,  so  as  to  be  altogether 
•vtnewluit  jMrnumdnl  in  form.  Tlie  lumbar  portion,  in  the  Chimpanzee 
and  Ontng,  is  not  of  the  iame  propoi-tiouid  strength ;  itnd  contains  but 
!>iir  vtrtebiTP,  insteiul  of  five.  The  processes  tVtr  the  attachment  of  the 
inu-spiual  mui«lcs  to  this  part,  are  peculiarly  large  and  strong  in  Man ; 
id  this  lurangement  is  obviously  adapted  to  overconie  the  tendency, 
vhich  the  weiglil  of  the  viscera  iji  front  of  the  column  woidd  have,  to 
diBW  it  forwards  and  downwards.  On  the  other  hand,  the  spinoiiH  pro- 
MMEB  of  the  cervical  and  dorsal  vertebiie,  which  are  in  other  Muinmaiia 
faoge  and  strong,  for  the  attachment  of  the  ligaments  and  muscles  that 
■I|!^rt  the  hejiil,  have  eompiinttively  little  jirundnence  in  Man.  hia  head 
baag  nearly  baliinceil  on  the  top  of  the  column.— The  base  of  the  Human 
<altla»U  column  is  placed  rm  a  sacrum  of  greater  propirtional  brmdth 
than  UiHt  of  any  other  animal ;  this  sacrum  is  fixed  between  two  widely 
coqmided  ilia;  and  the  whole  prlcin  is  thus  peculiarly  broiid.  In  this 
iiMUier,  the  femoral  arlieulatjona  are  thrown  very  far  njiart,  so  aa  to  give 
a  wiilc  htais  of  sujifxirt:  and  by  the  obliijue  direction  of  the  ja'lvis,  the 
wvi^t  of  the  biidy  ia  transmitted  almost  vertically  from  the  top  of  the 
Mcnnn  to  the  npjicr  j>art  of  the  thigh-bones.  The  pelvis  of  the  anthro- 
Aprs  i»  very  lOfferently  c<)natruetutl ;  as  will  be  seen  in  the  adjoining 
■E,  in  which  the  skeleton  of  the  Oi-ang  is  placed  in  [iroxiiiiity  with 
of  Man,  It  is  much  larger  awl  narrower;  its  aire  extend  upwaiila 
than  outwanis,  i")  tluit  the  s[«ie<!  between  the  lowest  riba  and  the 
of  the  iliac  bones  is  much  kss  than  in  Man ;  their  surCices  arc  nearly 
ifJ  Ui  that  of  the  sacrum,  which  ia  itself  longer  and  nan'owei' ;  and 
tlk«  axis  of  tlie  pelvis  is  nearly  parallel  with  that  of  the  vertebral  column. 
The  p«»ation  of  the  Human  femur,  in  which  its  heitd  is  most  securely 
retained  in  its  dee],  acetabulum,  is  that  which  it  haa  when  auppoi-ting 
Um  body  in  the  erect  attitude;  in  the  Chinipanze-e and  Urang,  ilsui.iiU>- 
pocitiou  ia  «t  an  oljlitpie  angle  to  the  long  asiBof  the  pelvis,  so  Ihtt 
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tlic  liody  leatiB  forwards  iu  fro&t  of  it;  in  maiiy  MrLiuinolin,  as  in 
Eli)[)hfttit,  it  forms  nearly  a  right  iingle  with  the  vtirteliral  column; 
in  BiiVtii'al  others,  sa  the  Horse,  Ox,  ic,  the  angle  which  it  makes  wit 
the  ftxis  of  the  pelvis  and  vertebral  coliunn  is  acute.  In  this  respect,  thei 
the  likuloton  uf  Miui  prcsentH  iin  adaptation  to  the  erect  posture,  which  i 
exhil>ite<l  by  that  of  no  other  Mammal. 

6.  Tho  lower  ej^remilies  of  Man  are  remnrknblo  for  their  longtS 
which  ia  proportioiialjly  greater  than  that  which  we  find  in  any  otb 
Mammalia,  u^scopt  tho  Kangaroo  tribe.  The  chief  diifereiioe  in  the 
projwrtioiial  length,  betwuen  Man  and  the  aenii-ereot  Ape^  ia  steu  iji 
thigh;  niid  it  is  from  the  relative  length  of  this  part  in  him,  aa  well . 
from  the  eompn,rutive  ahortueas  of  hia  unteriorextremitiea,  that  hiahan 
only  reach  the  middle  of  liis  thighs,  whilst  in  the  Chimpanzee  they 
on  a  level  with  thi;  knees  (Fig.  3),  and  in  the  Oraug  they  descend  to 
anklts  (Plate).  The  Huroaii  femur  is  difltinguished  by  its  form 
puBition,  as  well  lut  by  its  length.  The  obliquity  and  length  of  its  iieol 
still  further  iuerease  the  breadth  of  the  hii« ;  whilst  they  fause  the  luwu 
extremities  of  the  femora  to  he  somewhat  obliquely  directed  towards  eaol 
other,  HO  that  the  knees  are  brought  more  into  the  line  of  the  axis  of  thi 
body.  This  arrangement  ia  obviously  of  great  use  iu  facilitating  the  pureb 
biped  progression  of  Man,  in  which  tlie  entire  weight  of  the  body  haa  ti 
be  alternately  supported  on  each  limb;  for  if  the  knees  had  been  kep 
further  apart,  the  whole  body  must  have  beeu  swung  from  side  to  aide  al 
each  Htep,  so  aa  to  bring  the  centre  of  gra\ity  over  the  top  of  each  tibift 
as  is  Been  to  a  certain  extent  in  the  female  sex,  whose  walk,  owing  to  thi 
greater  breadth  of  the  pelvia  and  the  Bejmratiou  between  the  knwB,  is  lea 
steady  than  that  of  the  male.  There  is  a  very  marked  contrast  betweer 
the  knee-joint  of  Man,  and  that  of  even  the  higheat  A^>es.  In  the  formor. 
the  opposed  extreniitiea  of  the  femur  and  the  tibia  arc  expanded,  so  aa  tc 
jiresent  a  very  broad  articulating  surfuee;  and  the  internal  eoiidyle  of  th( 
femur  being  the  longer  of  the  two,  they  are  in  the  same  horizontal  plane 
iu  the  usual  oblique  position  of  that  bone ;  so  that  by  tliis  aii-angenient, 
the  whole  weight  of  tho  body,  in  its  erect  posture,  fails  vertically  ou  th« 
top  of  the  tibia,  when  the  joint  ia  in  the  firmest  jwaition  in  which  it  can 
be  placed.  Tlie  knee-joint  of  the  Orawg,  on  the  other  hand,  is  compara- 
tively deficient  in  e^itent  of  articulating  surfiice ;  and  ilc  whole  conforms- 
tioD  indicates  that  it  is  not  intended  to   serve  aa  moi-e  than  a  partial 

support Tho  human  foot  is,  iu  i>roportion  to  the  size  of  the  whole  body, 

larger,  broader,  and  stronger,  than  that  ol'  any  other  MammiU  save  the 
Kangaroo,  Its  piano  ia  directed  at  right  angles  to  that  of  the  leg;  and 
its  sole  ia  concave,  so  that  the  weight  of  the  body  falls  on  the  summit  of 
au  ai'ch,  of  which  the  os  calcia  and  the  metatarsal  iKines  form  the  two 
points  of  support.  Thla  arched  form  of  the  foot,  and  the  natuml  contact 
of  the  OB  calcis  with  the  ground,  arc  jicculiar  to  Man  alone.  All  the 
Apes  have  tho  oa  calcis  small,  straight,  and  more  or  leas  raiseil  from  the 
ground ;  which  they  touch,  when  standing  erect,  with  the  outer  side  only 
of  the  foot ;  whilst  in  animals  more  remote  from  Man,  the  os  calcis  is 
brought  still  more  into  the  line  of  the  tibia;  and  the  foot  being  more 
elongated  and  narrowed,  only  the  exti'einitiea  of  the  toes  come  in  contact 
with  the  ground.  Hence  Man  ia  the  only  s]iede8  of  Mammal,  wliich  con 
stand  u]x>n  one  leg.     All  the  points  in  which  the  foct  of  tlio  authrof 
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Afit»  diffvr  from  hia,  are  such  as  osaiuijlato  tht;iii  to  tht<  iitaiiual  type  uf 
euBfunustioo.  and  eoablo  them  Ui  tterre  iia  umi-e  cflicient  prehensile  organs ; 
vhilst  the^  diiainisli  their  capucity  to  sustain  the  weight  of  the  body, 
vhen  it  simply  rests  ui>on  them  (Fig.  4). 


Pio.  ). 


^ 


FocH  of  Jfdn.  ceonpirni  with  poiUfriar  ettnimit)'  of  Oramg- 

S.  Theiv  is  a  considurable  difference  in  the  farm  of  the  tr^Tik,  between 
and  most  other  M&niiualia;  for  his  thonvi  is  espandnd  Interally,  and 
in  front,  so  Hs  to  [irevent  the  c«nti*e  of  gravity  from  being  oiiTit-d 
too  fer  forwards ;  and  his  at«rnum  is  short  and  bi'oiid.  Eletwueu  the  liuny 
v^b  of  the  thorax  iin<l  the  margin  of  the  [telvis,  a  considerable  sjioce 
ibterrenes,  which  h  oceiipied  soluly  liy  niiiHclea  and  tegunientary  mem- 
hnuies ;  and  the^te  would  be  rguite  insiiihcient  to  austoiu  the  weight  of  the 
viwcra,  if  the  hiibitunl  position  of  the  trunk  had  been  horizontal. — In 
theao  particular,  however,  the  most  anthropoid  Ajiea  agree  more  or  loss 
completely  with  Sfan- 

7.  Ketuming  now  to  the  »hiil  for  a  more  minute  examination,  wo 
ofaaerve  that  the  cmnlum  of  Man  is  distioguishe^l  fi'om  that  of  the 
anthropoid  Apes,  not  merely  by  its  great  capacity,  but  also  by  its  smooth- 
at^;  ita  surface  being  almost  entirely  deficient  in  those  ridgea  for  the 
attachment  of  niusoles,  wLieh  are  remarkably  strong  in  both  the  Ohim- 
pBiuEee  and  the  Onuig,  and  wliieh  iuipart  to  its  configuration  somewhat  of 
a  Ckraivomtts  chamcter.  This  aspect  is  strengthened  by  the  great  depth 
of  the  temporal  fossa,  and  by  the  extent  and  strength  of  the  zygomiLtic 
arch ;  features  that  are  moat  remarkably  develoi>ed  in  the  Tmijliii/i/frs 
gorUJit,  a  ocwly-disoovered  apecies  of  Cliiiii]>anzce,  which  is  re(pirded  by 
Prof.  Owen  as  presenting  on  the  whole  the  nearest  approach  to  the  human 
tvpe  (Fig,  3).  Moroi>ver.  the  jawu  in  even  the  moat  degraded  races  of 
Man  priyei:-!  ftu-  lisss  Irom  the  general  pbne  of  the  face,  than  they  do  in 
the  Apts ;  and  his  teeth  are  arranged  in  a  continuous  aeries,  without  any 
hiatus  or  any  considerable  diffen'nce  in  length  :  whilst  all  the  Apes,  in  their 
adult  (rt«te  at  least,  are  funiLslied  with  conine  teeth  of  ox traoi-dijiary  length, 
lietweeu  the  suckete  of  which  and  those  of  the  adjoining  teeth  (iiuterii.rly 
in   the  upper  jaw,  and  posteriorly  in  the  lower,)  there  is  a  vucant  sp(ww 
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or  diuat*mft.  Even  in  themostpi'ogiiathoua  Hunian  akuUs,  inoreOTi>i',  tlio 
incisors  meet  iioch  other  much  more  bearly  in  thtt  sanio  iixis,  than  they 
do  ill  the  itnthropoid  Apes,  in  which  they  I'onu  an  auglo  with  each  other 
that  is  not  neKrly  ho  divergent.     The  fiu-ion  of  thu  intemiajtillary  or 
pi'emaxillajy  bones  with   the   sujurior  mnJ^illiiry,  at  iin  early  period   of 
t'cetal  life,  ia  a  feiuai-kahlo  ciiftfautcr  of  thu  Hunian   cranium,  us  distin-. 
guiahing  it  fi-om  tLtt  of  the  Apca,  in  which  the  intermaxillai^  l>oiLea 
romaiu  separate  to  a  much  later  period;  sometimes  dlHering  eleti,  in  a 
vciy  marked  degree,  in  size  and  shape.     Tliua  in  the  Truyliu/yten  ijiiriitu, 
thtise  bones  are  not  only  roiuarkalile  for  their  prominence,  but  also  for' 
their   upward  extensiou  roniid    the   nostrils,  so  that   they  completely 
exclude  tliu  masillary  bones  from  their  Ijordi'rs,  and  forai  the  basis  of, 
support  for  the  nnsal  hones ;  and  although  they  coalesce  with  the  maxil- , 
Iftries  at  and  near  the  alveulai*  |iortion,  they  remain  separate  elsewhere. , 
The  lower  jaw  of  Man  is  reuiarkuble  for  that  prominence  at  its  symphysis, 
wliicli  fomiB  the  cbiu ;  and  although  tiiis,  also,  ia  least  developed  in  the 
most  prognathous  human  crania,  yet  it  is  never  so  deSoient  as  it  ia  in 
the  lower  jaw  of  the  Chimpauzeo  and  Omng. — It  ia  oiiriou?  to  observe 
that  the  skulls  of  the  yuuiig  of  Man  and  of  the  anthropoid  Apes  i-esembla 
one  another  much  moit;  than  do  those  of  the  adiiUn ;  each  tending  to 
diverge,  in  its  advance  towards  full  development,  from  a  type  which 
seemed  almost  similitr  in  both  (Figs.  5,  0,  7).     It  ia  at  the  time  of  the  ' 
second  dentition,  that  thu  muzzle  of  the  anthropoid  A]>cs  acquires  itaj 
peculiar  elongution,  and   consequent   projection  in  front  of  the  forehead  ' 
(l*'igs.  3,  ^) ;  iWiA   the  whole  ciu<t  of  the   Imtures  is  altered  at  the  same 
time,  HO  that  it  appi-oaches  much  more  to  that  of  tlie  lower  Quadi-umana,  , 
than  would  he  aupjKised  from  observation  of  the  young  animal   only.* 
In  the  Human  subject,  on  the  other  hand,  we  see  that  ill  the  advance  . 
Irvm  eliildliood  to  adult  age,  there  ia  a  progresai-i'c  enlargement  of  the  face,  I 
in  propoition  to  the  cn[>acity  of  the  cranial  cavity.+  I 

H,  The  gi'eat  size  of  the  cranud  portion  of  the  skidl  in  Man,  as  com-  ' 
pai-ed  with  the  J'anal,  ])roduces  a  marked  dilference  between  his  '  facia!  ■ 
angle,  and  th.it  of  even  the  highest  Quadmmana.  According  to  CamjieT, 
who  first  applied  tliis  method  of  measurement,  the  ■  liieial  angle'  of  the 
average  of  Euro|)ean  skulls  ia  80°,  whilst  in  the  ideal  heads  of  the  Grecian 
gods  it  is  inci-easod  to  itO" ;  on  the  other  hand,  in  the  akull  of  a  Kalmuck 
he  found  it  to  lie  75°;  and  in  that  of  a  Negro  only  70°;  and  applying 
the  same  syfltera  of  meiBuromeut  to  the  skulls  of  Apes,  he  found  them  to 
range  tVoni  04°  to  G0°.  But  these  last  measurementu  were  all  taken 
from  young  skulls,  iji  which  the  forward  extemiion  of  the  jaws, 
which  takes  plate  on  the  second  dentition,  had  not  yet  occurred.  In 
the  adult  Chimpanzee,  us  Pi'of.  Owen  hits  shown,  the  '  taciid  angle' 
(Figs.  5,  S,  T,  A  01"),  is  no  more  thau  35°,  and  in  the  adult  Orang  only  3U°; 
go  tliftt  iiislend  of  the  Negro  being  nearer  to  the  Ape  than  to  the  European, 
as  Camper's   estimate  would   make  hiui,  the   intei-val   between   the  most 

*  Nunu  Iml  foimg  njmnnicuB  of  tho  Chimpuuiee  and  Omiig  Oulan  have  ever  been 
brou^lil  slivB  to  this  oounUy ;  and  tbej  h»Te  never  long  mrviTOd  the  period  of  tliar  second 
dL'Uliliuu. 

+  Sue  Vrnt.  Owpii'ii  Papers  "ii  t)ia  AiiuUjibi)  "f  the  Orang  nod  Cliimjiuuiei!,  in  Iha 
"  Zo.i1i>gi™J  TnuiBaiTtioiif,"  vuls.  i.  »ii.)  til, ;  urn!  Pruf.  Vrnlik  iii  the  Art.  iivailrvmova 
ill  tim  "  Cydopiedio  'if  Aii-iluiiiy  hihI  Plijsiulogj,"  vol.  iv. 
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and  the  other  miiaclos  which  tend  to  keep  the  leg  orei.'t  upon  the  fod 
Ibnn  a  much  moro  promiueut  'calf  than  is  seen  either  in  the  nioi 
nuthFQjioid  Apea,  or  in  imy  other  auimaL  So,  again,  the  extensors  of  tl 
leg  upon  tlia  thigh  are  much  more  powerful  than  the  flexors  ;  a  cbaroctl 
which  ia  peculiar  to  Man.  The  glutaji,  hy  which  the  pelvis  is  kept  er« 
upon  the  tliigh,  are  of  far  gi'eater  siza  than  is  elsewhere  seen.  Tb 
superior  powur  of  the  muscles  tending  to  draw  the  head  and  spine  buol 
words,  has  been  already  rcferred-tu.  Among  the  diS'erencea  in  the  attao) 
ment  of  individual  uiuaclcs,  it  may  lje  noticed  that  the  'flexor  lougu^  pollitj 
jiediH'  proceeds  in  Mttu  to  the  great  too  alone,  on  which  the  weight  of  til 
body  is  often  supported;  whilst  it  ia  attached  in  the  Chimpanzee  oa 
Orang  to  the  three  middle  toes  idso.  The  'latisMinius  dorsi'  is  disstitute  a 
Man  of  that  prolongation  attached  to  the  olecranon,  which  ia  found  i| 
the  lower  MaJumaliii,  and  which  exists  eyen  in  the  Chimpanzee,  probabfi 
giving  aaaiatance  in  its  i-limliing  operations.  Tlie  larger  size  of  tit 
muscles  of  the  thumb,  ia,  as  might  bu  uspectixl,  a  characteristic  of  tli| 
hand  of  Man;  although  the  unmlier  of  muscles  by  wliich  that  digit  | 
moved,  is  the  same  in  the  Chimpanzee  as  in  the  Human  subject.  Tfai 
existence  of  the '  extensor  digiti  indicia,'  however,  aa  a  distinct  muscle,  I 
peouliw  to  Man.  1 

10,  The  Vigceral  a|iparatuB  of  Man  presents  very  few  characteriatf 
peculiaritieB,  by  which  it  can  be  distinguished  from  that  of  the  highdl 
Quodnxmana ;  among  the  most  remarkable  is  the  absence  of  the  loiynge)^ 
pouches,  which  esaat  even  in  the  Chimjiunzec  and  Onuig  Uutan,  liS  dil^ 
tations  of  the  laryngenl  ventricles.— Uf  the  anatouiy  of  the  last-namei 
animals  in  their  luluJt  condition,  however,  we  know  a»  yet  too  little  bt 
enable  its  conformity  to  that  of  Man  to  be  confidently  prououncetl-ujMja 

11.  The  Brain  of  Man  does  not  dill'er  so  much  in  conformation  froOj 
that  of  the  Cliiinpanzoo  and  Orang,  aa  tlie  superiority  of  his  mental 
eudowmcnts  might  have  led  us  to  anticipate.  The  following  we  thf 
principal  diflei'euces  which  it  seems  to  pi-eaeut: — 1.  The  mass  of  thi 
entire  bnun  ia  considerably  hu'gei'  in  proportion  to  that  of  the  body,  and 
in  proportion  also  to  the  diameter  of  the  spinal  cord  and  of  the  nerve» 
which  are  connected  with  it. — 2.  In  the  external  configuration  of  the 
Cerebrum,  we  notice  tliat  its  anCerior  lobes  project  further  beyond  the 
Rhinencephalon,  or  Oltautivo  Oanglion,  than  they  do  in  the  highest 
Quadi'unuuia ;  a  difTcrence  which  is  well  marked  in  the  sectional  contout 
of  the  braitt-caae,  the  rhiii encephalic  fossa  of  the  Orang  (Fig.  5,  r/i)  being 
at  its  most  anterior  [jart,  whilst  oven  in  the  least  olcvuted  fonus  of  tlifl 
Human  akull,  this  fossa  (of  which  the  cribriform  plate  of  the  ethmoid 
bone  constitutes  the  floor)  baa  no  inconsiderable  part  of  the  cranial  cavity 
in  front  of  it  (Fig.  7,  rh). — 3,  The  posterior  lobes  also  ai"e  more  developed, 
BO  as  to  jiroject  further  beyond  the  Cerebellum  thitn  tliey  do  in  any  of  the 
Quadrumana;  the  convolutions  arc  more  numerous,  and  the  sidci  nr«j 
deeper. — 4.  On  examining  the  internal  structure,  it  is  found  that  tUfl 
peripheral  layer  of  grey  matter  is  thicker,  the  corpus  caltosum  extend* 
further  backwards,  and  the  posterior  comua  of  the  lateral  ventricles  ard 
relatively  longer  and  larger  than  they  are  in  any  Quadrumana. — S.  Tlia 
Cerebellum,  also,  is  proportionally  larger.  , 

12.  The  small  siKe  of  the  face  of  Man,  compared  with  that  of  thti 
cranium,  is  an  indication  that  in  him  the  setueti  ore  subordinate  t 
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for  everywhere,  IJirougLout  the  Orgiinizod  Creatiou,  do  we  obsCTVe  ths 
the  most  eleviited  forms  are  tiioae  wliich  go  through  the  longest  pre 
paratory  stuges,  ittiii  of  whifh  tha  Livolutiou  is  moat  dependent  Upon  th 
aaaiataaee  ad'urded  by  the  pareiitiil  organism  during  it-a  earlier  jjeriodi 
The  peculiar  prcilongation  of  this  state  of  dependence  iu  the  Hiimai 
species,  hau  a  most  important  and  evident  effect  u]Kin  the  sociilI conditioi 
of  the  mce;  beiug,  in  fact,  the  ohief  source  of  family  ties,  and  afibiidinj 
the  opportunity  for  thgtie  pnaeessea  of  education,  direct  and  indirect,  wliiel 
trttiismit  to  the  rising  genenttirju  the  influenoo  of  the  intellectmU  culturi 
and  moral  training  of  the  past. 

15.  .Still,  however  widely  Man  may  bfl  distinguished  from  other  animal 
by  these  and  other  purticulars  of  his  atructiii-e  and  eeonomy,  he  is  ya 
more  lUstinguished  by  tbose  menial  endowment«t,  and  by  the  hiibitndes  O 
life  and  action  thence  resulting,  which  must  be  I'egaitled  as  the  essentia 
oharaeteristics  of  humanity.  It  is  in  adapting  himself  bo  the  eomlitioui 
of  bis  existence,  in  provirling  himself  with  tbod,  shelter,  weapons  of  attaij 
and  defence,  &c.,  that  Man's  intellectual  powers  are  first  called  into  aetiv* 
oiR'ration ;  and  when  thus  avoiiaed,  their  development  has  no  iissi^abl< 
limit.  The  Will,  guided  by  tin'  intelligence,  nud  acted-on  by  the  deairal 
ftnd  emotions,  takes  the  place  in  Man  of  the  In.stinctive  propeiisitiea  whid 
are  the  usual  springs  of  action  in  the  lower  animals;  and  oltlioughl 
among  the  jnost  elevated  of  these,  a  high  amount  of  lutcUigence  is  ex< 
hibited,  yet  it«  opci^ations  seem  to  be  always  directly  attributable  W 
external  »iiggestiona,  preseut  or  remembered  j  and  the  ehai-acter  nevin 
rises  beyond  that  of  the  child.  In  Ikct,  the  cori'espoudenee  between  th^ 
peychieal  cndownienta  oftheUhimpanzee,anil  those  of  a  L'hilii  ut'three  yearj 
old  who  has  not  yet  bi-guu  to  upeiik,  is  very  close.  One  of  the  moat 
important  aids  iu  the  use  and  developnient  of  the  Human  Mind,  is  the 
capacity  for  iirticfdatc  sjieich  ;  of  which,  bo  far  as  we  know,  Man  ia  the  onlj 
animal  in  jioasesaion.  There  is  no  doubt  that  many  other  species  have  cet* 
tain  powers  of  communication  between  iudividunls;  but  these  are  probabljj 
very  limited,  «nd  of  a  kind  moi-e  allied  to  "  the  language  uf  signs,"  than 
to  a  proper  verbal  luiigui^^'.  In  fiict,  it  is  obvious  that  the  use  of  i 
language  composed  of  a  certain  number  of  distinct  sounds,  combined  into 
words  in  a  multitude  of  different  modes,  requii-es  a  certain  power  oj 
abstraction  and  generalization,  in  wldch  ii  appears  that  the  lower  animalj| 
are  altogether  deticient.  So,  again,  verbal  language  affords  the  onlj 
meann  whereby  abstract  ideas  can  be  communicated;  and  those  who  havJ 
perused  the  interesting  narrative  givun  by  Dr.  Howe  of  his  sueeessfij 
training  ijf  Ijiui'a   Diidgeman,  will  remember  how  marked  was  the  Imj 

tirovement  in  hor  mental  condition,  from  the  time  when  sshe  first  appi'M 
tended  the  fact  that  she  coutd  give  Nuoli  ex]iresMion  to  her  thought*y 
feelings,  and  desires,  as  should  secure  their  being  comprehended  by 
others.  J 

16.  The  enpacit;/ /or  itUellectiud  proyresn  is  a  most  remarkable  ^ocoa 
liarity  of  Man's  psychical  natui-c.  The  instinctive  liaViits  of  the  lowed 
Aninials  are  limited,  ai-e  jieculiar  to  each  species,  and  have  inmiediiitel 
reference  to  their  bodily  wants.  Where  a  particvdar  ajiaptiition  of  meani 
to  ends,  of  actions  to  cireumstances,  is  made  by  an  individual,  thei-est  d^ 
not  seem  to  pro&t  by  that  experience;  so  that,  idthoiigh  the  instincts 
of  particular  animals  may  be  modified  by  the  training  of  man,  or  by  thw 
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wliich  it  here  operates ;  and  to  this  state, — a  state  of  niore  intimnte  conii 
muiii'jn  of  uiiud  with  miTid,  and  of  oifaturfB  with  their  Crcnti.ir, — -lie  il 
encouraged  to  aspire,  aa  the  reward  of  his  improvement  of  thctaleutaherc 
committed  to  hia  charge. 


CHAPTER  II. 


OENEIiAL    VIEW   OF    THE    FUNCTIONS    OF   THE    HUMAN    BOOT. 

1.  O/Uie  MvtuiH.  De/iende>ux  ft/its  Vitnl  Actions. 

18.  The  idea  of  Life,  in  its  simplest  acceptation,  is  that  of  TiVoJ 
Aetivitii ;  nnd  obviously,  therefore,  involves  that  of  cluauje.  We  do  not 
oonfflder  any  being  ns  idive,  which  is  not  undergoing  some  continual 
alteration,  however  slow  aud  obscure,  that  may  bo  rendered  perceptible 
to  the  senses.*  This  alteration  may  he  evidenced  by  the  groiclk  anj 
anteniion  of  the  organic  structui-e,  or  by  ntot-eciilar  cftaiiyet  in  its  sub> 
stasoe  wliich  do  not  produce  any  ostensible  increase ;  or  it  may  be  most 
olmously  luauifestcd  in  moveiitenli  such  as  cannot  be  attributed  to  any 
phyucal  cwue.  The  Life  of  any  comjiles  organism,  such  as  that  of  Man, 
ia  in  &ct  the  aggregate  of  the  Vital  Activity  of  all  its  component  partsj 
and  no  fiict  has  l>een  more  clearly  ascertained  by  mixlem  Physiological 
research,  tlian  this, — that  each  elementary  part  of  the  fkbric  has  its  owni 
iuilependeut  jtower  of  growth  ftnd  devfilopment,  thiit  it  has  its  own  proper 
term  of  existence,  and  that  it  goes  through  its  own  sequence  of  vital 
actions,  in  virtue  of  the  endowments  which  it  derived  from  the  tissuw 
that  evolved  it,  anft  of  the  influences  to  which  it  is  subjected  during! 
the  progress  of  its  existence.  Not  only  might  this  mutual  independeui 
be  inferred  from  general  considerations;  its  existence  is  easily  proved  b 
observation  and  experirneDt.  There  are  a  variety  of  cases  in  which  th« 
'molecular'  life  of  individual  parts  remains,  long  after  'aoinatic'  dcatk 
(or  death  of  the  body  as  a  whole)  hafi  taken  place  (uhap.  xix)  ;  and  no^ 
only  may  vital  activity  be  sustained  in  a  part  completely  separated  fi-oin' 
the  body,  by  the  maintenance  of  the  circulation  of  blood  through  it,: 
but  vital  endowments  which  had  partially  or  completely  ceased  to  man!-! 
fest  themselves  in  consequence  of  the  cessation  of  the  circulation,  may; 
be  restored  by  its  re-establisliment.  The  occasional  reunion  of  a  mem-| 
ber  which  has  been  entirely  separated,  when  decomposing  changes  havo. 

*  If  chuige  In  efiBCDtiftl  to  our  i^ea  nf  life,  it  nu;  be  uked  w)ist  is  the  ranilitioTi  nf  A. 
Seed,  wliich  may  rem^un  luialtoreil  during  a  [tt'Tncnl  ciF  mAny  ceuturifm ;  vegetating  at  Iftrtl 
wbeii  (>Uo^  ia  favuunLbli;  drcamelAncefl,  &a  if  it  hiul  cinly  ripened  the  yiar  before.  Such  M 
boed  ifl  Dot  atiit .  fut  it  is  ii'^l  [>trfoniiiii^  any  vitnl  Dpemtiuna.  But  it  ih  uot  dead,  for  it  hAC 
nndergano  no  disintegration  ;  lUid  il  ia  atill  cnpiible  of  Iwinfi  aruuseil  into  nctivi;  life,  by  thS 
kppUcatioQ  of  the  Approprinte  etimuli.  The  modt  ci^rmct  de^ignntion  of  it^  atate,  ieemtf 
to  bfl  dormoU  i-ifalify.     Thv  etrnditioD  of  on  Animal  redur<>il  t^  n  ainte  of  comjdeto  lor^ 

ftidity  and  InACtioii  ia  preci^iy  rLDafogonH ;  into  anch  a  condition,  the  Fmg  may  bo  brougbV 
ij  cold,  and  the  Wheel -nnlnuilinite  by  deiiocatioD,  (Bee  FHtHo.  or  Gks.  PuTii.)  Am)  tb(' 
condition  of  a  Hnman  being,  during  sleep,  il  prwiKly  limilar,  no  far  as  his  fiByehiRil 
power?  are  rouctjrned:  he  is  not  then  a  fmliag,  thinking  Man  ;  but  ho  is  capable  of  feelinff  I 
and  thinking  when  his  braiu  a  restorad  to  a  state  of  activity,  and  its  powers  are  called; 
into  Dperat4an  by  the  imprcBeions  of  external  ubjecls. 
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But  it  is  very  important  to  remark,  that  the  growtb  i>{  tlii-  more  permt 
neat  jmrts  of  the  atruoture  is  only  uttoiaed  by  the  oontinuitl  ili'VolojiiaenS 
decay,  and  renewal  of  pin-ta,  whoae  existence  is  l-eui/iorary.  No  fact  i 
better  eatiililiahed  in  Vegetable  Pliysiology,  than  the  JependiMiue  of  tli 
formiition  of  wood  upon  tho  action  of  the  leaves.  It  is  in  tlieir  cells  thi 
those  imiiortaut  changes  are  effected  in  tlie  sap,  by  wliieli  it  is  cliangeJ 
from  a  crude  wntery  fluid  eontaiuiug  very  little  solid  nmttor,  to  a  riscl 
aubstiince  including  (i  groat  vanety  of  organic  com|iound9,  deatined  for  th 
nutrition  of  the  Tarioiia  tiaaues.  Tho  '  fall  uf  theleiif  roMii Its  merely  froll 
the  dcftth  and  decay  of  it«  tinane  ;  as  is  evident  fi-oni  the  tiict,  that,  for  sotij 
time  previously,  its  regular  functions  cease,  and  that  instead  of  a  tisatiiH 
of  oarbon  frnm  the  atmosphere,  there  is  a  lilioration  of  carbonic  acid  y 
result  of  thoir  dooompositioii)  in  large  iiinniuit.*  Now  this  process  takq 
place  no  leas  in  '  evergreens'  than  in  '  deciduous'  trees;  the  only  ditferono 
being,  that  the  leaves  in  tho  latter  art-  all  cust-ittf'  and  renewed  togethoi 
whilst  in  the  former  they  are  continually  being  ahed  and  replaced,  »  fe^ 
at  a  time.  It  appeata  aa  if  the  nutritious  fluid  of  tho  higher  Plants  cat 
aidy  be  prepared  by  the  agency  of  cells  whose  duration  ht  brief;  for  wl 
have  no  instance  iu  which  tlie  tissue  concerned  in  it«i  elaboration  possesaa 
more  than  a  very  limited  tenu  of  existence.  But  by  its  active  vita 
operations,  it  produces  a  iJuid  adapted  for  the  nutrition  of  jiarls  wlual 
»re  of  a  much  moro  solid  and  j>ernianent  character,  and  which  undergi 
littlecliaiigeof  any  kind  subsequently  to  their  complete  developmont ;  tliB 
want  of  tendency  to  dec-ay  l>eing  the  result  of  the  very  same  peculiarity  d 
constitution,  as  that  which  i-endera  them  untit  to  participate  in  the  propel 
vita!  phenomena  of  the  orgiiiiism.  Thus  the  final  cause  or  purpose  of  all 
the  Nutritive  functions  of  the  Plant,  so  far  an  the  iniHvidiud  is  concerned 
is  to  produce  an  indefinite  extension  of  the  dense,  woody,  almost  inert 
and  permanent  portions  of  the  fiibric,  by  tho  continued  devclopmenO 
decay,  and  renewal  of  the  soft,  active,  and  transitory  cellular  jmrcnchynia 
^Tlie  Nutritive  functions,  however,  also  aup]ily  the  materials  for  thj 
continuance  of  the  race,  by  the  generation  of  new  individuals;  sine*  t 
fresh  germ  cannot  be  formed,  any  moi-e  than  tlie  [lareiit-etructuro  can  bj 
extended,  without  orgimizable  materials,  prejmred  by  the  aaaiiuilatiiu 
process,  and  supplied  to  the  parts  in  which  active  changes  are  goiug-on.  1 
21.  On  analysing  the  operations  which  take  place  in  tho  Aniiiuil  l.>odj| 
we  find  that  a  largo  number  of  them  are  of  essentially  the  same  charaeta 
with  the  foregoing,  and  diH'er  only  in  the  conditions  under  which  th(W 
are  performed  ;  ao  that  wo  may,  in  faet,  readily  aejtanLte  the  Organik 
fiinctions,  which  are  directly  concerned  in  the  development  and  mainta 
nanceof  the  fabric,  from  the  j1«i'««i/ functions,  which  render  the  individual 
conscious  of  external  impressioTis,  and  capable  of  executing  siRintaneoid 
movements.  Tho  relative  development  of  the  organs  destined  to  theaj 
two  purposes,  dillers  conaidenibty  in  the  several  groups  of  Animals.  Tld 
life  of  a  Zooi>hyte  is  upon  the  whole  much  more  'vegetative'  thaa 
'  animal ;'  and  we  [>ereeive  in  it.  not  merely  the  very  feeble  developmew 
of  those  powers  which  are  ]M»culiar  to  the  Animal  kingdom,  but  also  thrf 
'.  teudency  to  indefinite  extension  which  is  characteristic  of  the  Plant,  iJ 
the  Insect  wo  have  the  opposite  extreme;  the  most  active  powers  ol 

•  See  "  PriuffiplflB  of  Cnmpsrative  Physiology,"  SS  265,  839,  I 
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nerated  Mood  also  acrvea  to  transmit  oxygen,  wlijcli  is  iutrodiiced  by 
Reafiinitory  (irocoss ;  and  it  luis  furtLiT  for  its  office,  to  eouvey  iiwny  I 
products  of  tluit  decomposition  of  the  Muacidai-  and  NervoiiB  tisau 
which  reaults  from  theif  functional  activity,  these  products  Iteing  doatil 
to  be  separated  hy  tho  Eeapiratory  and  otiicr  Excreting  operationa.  1 
regular  niointenauee  of  tlie  fiinutiona  of  Animal  life  is  thus  entir 
dependent  upon  the  duo  perfo nuance  of  the  Nutritive  operations;  a  « 
sideration  of  great  impoi-tnnce  in  practice,  miae  a  very  large  proportion 
what  are  teiiued  '  functional  disorders '  (of  tho  Nervous  system  especial 
are  iniraediately  dejiciidont  upon  some  abnormal  condition  of  the  Bloo( 

24.  But  there  oJso  exists  a  connectiou  of  an  entirely  reverse  ki] 
between  the  Organic  and  the  Animal  ftmotionB;  for  the  couditiona 
Animid  existence  render  the  former  in  great  degree  dependent  ou  1 
latter.      In  the  acquisition  of  food,  for  example,  the  Animal  has  to  mi 
use  of  its  senses,  iu  psychical  faculties,  and  its  power  of  locomotion, 
obtain  that  which  tho  Plant,  fi:oni  the  different  provision  made  for 
support,   can   derive  without  any  such  asaiatance;    moreover,    for  i 
ingestion  of  the  focwl,  and  for  its  propiUeion  along  the  alimi^ntary  can 
Miisoidar  action  is  reijuired,  tlii>t  being  employed  under  the  direct! 
of  Nervous  agcniiy  at  tho  oral  and  anid  orifices ;  and  thus  we  see  ti 
the  change  in  the  condition.*!  required  for  the  apprc.priation  of  food ' 
Animals,  has  reudered  neccNsary  the  introduction  of  additional  cleme) 
into   tho  apjiaratua,   to  whioh  nothing   comjiarable  was  to  he  found 
Plants.      Again  in  tho  fanction  of  Eespiratiou,  as  pci-foi-med  in  Man  al 
the  higher  animals,  the  Nervous  and  Muscular  systoma  are  alilie  involve 
for  the  movements  by  wbieli  the  air  in  the  lunp  is  being  continual 
renewed,  ai-e  dependent  u])ou  the  action  of  both;  atid  those  by  which  ti 
blood  is  propelled  thi-ough  the  resjiiratory  organs,  are  ehieBy  occaaioa 
by  the  contractility  of  a  muscular  organ,  the  heait.     Such  movemed 
however,  as  are  thus  imniediately  connected  with  the  maintenance  of  tj 
Organic  functions,  do  not  depend  tti»on  the  v>iU.  and  may  even  be  pi 
formed  without  our  ciwisi-ioitJtwws;  they  can  scarcely  be  regarded,  the 
fore,  a&  forming  part  of  our  proper  Animal  life;  and  the  only  cssent 
diiFerence  which  they  present,  from  those  wliich  are  occasionally  perform 
by  Plants  (esi>ecially  such  as  exliibit  the  transmission  of  the  efliH-t  r4 
Btimuliis  to  some  distince, — the  folding  of  the  leaves  of  the  Mimosa, 
the  closure  of  the  fly-tra|)  of  the  Diounia,  for  example),  consists  in  1 
instrumentality   thi'ough   which  they  are   performed,- — ^tliis   being 
Animals  a  peculiar  Nervous  and  Muscular  apparatus,  wliilst  in  Plaata 
is  oidy  a  modification  of  the  ordinary  structure. 

'2ij.  From  what  haa  boon  aaid,  then,  it  appears  that  all  the  functions 
the  Animal  body  are  so  comjdetely  bound  up  together,  that  none  can  B 
suspendeil  without  the  cessation  of  the  rest.  The  properties  of  all  ti| 
tiasues  and  organs  are  dependent  upon  their  regidar  Nutrition,  by  a  dfl 
supply  of  perfoctly-elalwratod  blood;  this  cannot  be  efiected,  imless  tH 
functions  of  Circulation,  Ros]  lu-ation,  and  Excretion,  be  porfonned  witi 
regularity, — the  firat  being  neccitsaiy  to  distribute  the  supply  of  nutritio* 
fluid,  the  second  being  requisite  for  its  oxygenation,  and  being  aUl 
neodeilj  in  conjunction  with  the  third,  to  free  it  from  the  impuri 
which  it  contracts  during  its  circuit.  The  Eespiratioa  cannot  be 
tained,  without  the  integrity  of  a  certain  part  of  the  Nervo-musc 
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\  2.  Fiindiong  of  Vegetative  Life.  ^^^H 

36.  As  a  oertiun  change  of  composition  of  the  Organized  fiktjric  i 
neocflaaiy  coiiditinn  of  cvwy  manifoatation  of  its  VituI  activity,  it 
obviously  requisite  that  a  provision  abould  I'xiat  for  the  rqilacement, 
new  matter,  of  itll  those  partifles,  whitli,  having  lost  their  vita)  eudo 
menta,  are  in  pi^oceaa  of  return  to  the  condition  of  inorganic  matt 
And  hence,  of  course,  every  iucranse  in  the  activity  of  the  Animal  fill 
tions  becomes  a  source  of  uugmonteil  denmncl  for  nourishment;  providi 
at  leaat,  tlmt  such  iiioreaae  does  not  go  to  the  extent  of  eiliaustiug  t 
vital  energies,  and  thus  of  preventing  the  due  pei-fonnance  of  the  Nut 
tive  fuHClioiis.      A  constant  supply  of  Aliment  is  therefore  needed  I 
the  niMiiitenniicii  of  the  hoily,  after  it  has  iirrii'ed  at  its  full  developmei 
The  eU'ecte  of  the  proCBis  of  w;wte  and  decay,  uncompensated  by  tJiat 
renovation,  4ire  seen  in  Btarvation  and  lu  diseases  of  exiauation  (j  '(i-7'1 
in  wliieh  there  is  a  gmduul  diminution  in  the  bulk  of  nearly  all  t 
tissues  of  the  bi.idy,  so  that,  before  death  supervenes,  the  total  reductii 
iu  weiglit  is  very  uousider.ililc- — But  in  the  growing  state  of  tlio  organisl 
there  is,  nf  course,  au   adiUtioiial   denmnd  for  Aliment,  to   supply  t] 
materials  for  the  extension  which  is  continually  taking  |>lacQ  in  it.    Tfa: 
however,  does  not  make  so  great  a  diil'erenee  aa  it  might  appear  to  do, 
the  suppJy  of  food  which  is  required.      For  if  the  absolute  additii 
which  is  made  by  growth  to  the  body  in  any  given  time,  be  uonipan 
with  the  amount  of  fJuinge  of  comj>osilifiit  which  takes  place  in  the  ean 
period, — the  latter  being  judgefl-of  by  the  quantity  of  food  coasuma 
and  by  the  amouut  ol  oxcreiiientitioua  mattor  which  passea-otf  by  tl 
lungs,  liver,  kidneys,  skin,  Ac, — it  will  be  found  to  bear  but  a  very  sma 
proportion  to  it.     The  fact  is  rather,  that,  during  the  whole  period  i 
growth,  there  is  (so  to  speak)  a  continual  rc-modeliing  of  the  entii 
fabric;  the  life  of  each  j>art  being  brief,  in  order  that  its  renoi"ation  ma 
he  effected  on  a  aonicwhat  different  scale.     And  thus  it  !uip]K.'ns  ths 
children  require  a  much  larger  nanoimt  of  food  iu  proportion  to  thej 
bulk,  than  that  which  sutEces  for  adults.    On  the  other  hand,  in  old  p« 
sous,  the  life  of  each  part  is  comparatively  slow;    its  vital  operatiol 
ai-e  deficient  in  activity ;  and  the  processes  of  waste  and  tho  demand  ft 
food  arc  proportionally  retarded  (chap,  xviii.) 

27.  But  another  and  most  important  source  of  demand  for  food, 
Man  and  warm-blooded  aniniola  genei-ally,  arises  out  of  the  requiremeni 
of  the  ciniJ)Ustive  process,  whereby  the  Heat  of  the  body  is  maiutain< 
This  demand  will  vary,  ea-teris  jiarUius,  with  the  amount  of  heat  to 
generated,  which  bears  a  direct  pro[ioi-tion  to  the  depression  of  th( 
e-xtornal  tenipei'ature,  the  standard  of  the  body  itself  being  fixed.  Heno^ 
oxtcrual  cold  conies  to  be  a  source  of  demand  for  food;  whilst  artificial 
warmth  may  bo  made  to  take  the  plaoe  of  the  nourishment  otherwiaJ 
required  for  this  purpose;  as  has  been  shown  by  the  renimkable  expe™ 
Mients  of  Choasat  hereafter  to  bo  rt^ferred-to  (§  70,  and  cil\p.  x.,  Sect.  2J 
— But  if  the  amount  of  exercise  taken  be  veiy  considerable,  es|icciidly  iS 
warm  climates,  where  the  demand  for  the  production  of  Heat  is  itduceg 
to  its  minimum,  a  sutBciont  amount  of  pabiiiiim  for  the  rcspiratoiy  prw 
cess  may  be  provided  by  the  disiutegmtion  of  the  nervo-mnscuiar  appw 
ratus,  without  any  special  supply  lieing  reipiired.  1 
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nutritive  com[tonGntB,  being  aclually  dt-anoteed  by  the  giLStrio  juice,  ftre  tl 
prejiured  for  immudiute  absorption  ;  but  othere  require  the  admixture 
the  biliary  and  puncrentic  ntcretiona,  whereby  various  cliangeB  art'  elibo 
in  their  condition,  wliich  iin!p«re  them  aJsc  for  being  received  into  I 
circuluting  system.  The  nutritious  portion  being  gradualiy  takon-tqi 
the  Blood-vessels  and  by  the  Alworbent  vcsaols  (or  Lafteals),  which  i 
tliatributed  on  the  woUb  of  the  alLnieutaiy  «inal,  the  indigestible  residui 
propelled  aJi:mg  the  intestinal  tnbe  by  the  simple  oi>utnictility  of  its  wa 
undergoing  iit  the  same  time  some  furtlier  change,  by  which  the  nutriti 
nmteiials  lu'e  still  more  compktely  extracted  from  it.  And  at  liist,  I 
oxci-ementitioua  matter, — uouaistiiig  not  only  of  tjie  insoluble  portion 
the  food  takei]  into  the  stoiimuh,  but  also  of  part  of  the  secretion  of  I 
liver,  and  of  that  of  the  inucoua  sui-face  of  tlio  intestines  and  of  th 
glandular  follicles, — is  voided  from  the  ippoBito  extremity  of  the  can 
by  IX  mnscnlar  exertion,  whieh  ia  purtly  reflex,  like  that  of  deglutitii 
but  is  partly  voluntary,  especially  (as  it  would  appear)  in  Man.  T 
whole  of  this  series  of  o]K'rations,  by  whith  the  nutritive  materials  t 
prepared  for  being  absorbed,  may  be  oonaidered  as  constituting  the  fill 
iiou  of  !>iije»twn. 

31.  The  introduction  of  the  nutritive  materials  thus  prepared,  in 
the  vessels  which  convey  theui  to  the  tissiicN,  constitutes  the  function 
Abaur/'timi,     But  these  materials  undergo  important  changes  in   tin 
pLYigress  towai'ds  the  centre  of  the  circulation,  wheivby  they  are  broug 
more   nearly  to  the   condition   of  true   Blood;    and   these   changes  a 
designateil  by  the  term  Asinmil<ttio7i. — There  seems  no  doubt  that  flu 
containing  saline,  albuminous,  or  other  matters  in  a  state  of  couiple 
Holution,  may  be  absoi'lioil  by  the   Blood- vessels  with  which   th«  muco 
ineuibraiie  of  the  alinientary  canal  is   ho  copiously  supplied;   and  ll 
simple  prouesH  of  itidiibition  probably  tiikes  place  according  to  the  ph 
sical  laws  of  Giulo.^tmotte.      Bui  the  selection  and  absorption  of  some 
the   nutritive   materials  appear  to  be  |M;i-rormed,  not  by  vesurls,  but  1 
the  apcoilic  vital  endowments  of  ceWn  (5  121).  which  subsequently  yie 
up  tboir  contents  tfl  the  Lactcais.     Tlie  fluid  thus  ab.iorbed,  which  no 
receives  the  name  of  Chyle,  Ls  propelled  through  the  Lacteals  by  tl 
conti-actility  of  their  walls;    aided  in  part.  [>erliap8,  by  a  t-ia  a  ferj 
derived   fi'Om  the  force  of  tlio  absor[)tion  itself.— With  the  reception  ■ 
tlio  nutritious  food  into  the  vessels,  eoniniences  ita  reiil  preparation  fi 
Organisation.     Up  to  that  jieriod,  it  cannot  be  said  to  be  in  any  degn 
vilidizrd :  the  cbungea  wliicli  it  haa  unilergone  being  only  of  a  chemio 
and  physical  nature,  and  such  as  merely  prepare  it  for  subseijucnt  assim 
latiou.      But  in   the  pajeage   of  that  which   has  been  tsken-iip  by  tl 
Blood-vessels,  through  the  Liver,  very  imjwrtantalterations  are  effected  i 
its  condition,  whereby  it  ia  brought  to  a  state  more  nearly  coiTcapondin 
with   true  Blood     And  in  like  manner,  the  Chyle,  in  passing  throug 
the  long  and  tortuous  system  of  absorbent  vessels  and  glands,  undergo* 
changes  which,  with  little  chemical  difl'orence,  manifest  themselves  by 
decided  alteration  in  its  properties;  so  that  the  chyle  of  the  Thoracs 
duet  is  evidently  a  very  difl'ei'cnt  fluid  from  the  chyle  of  the  Lact«a] 
approaching  much  nearer  to  blood  in  its  general  characters.      Thed 
chamctera  are  such   as   indicate   that   the   process  of   orgaiiij»tion   tat 
vHalization  has  commenced;  iks  may  be  Judged  alike  from  the  micti 
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blood  to  ptiriicular  ports  and  oi^aus,  aa  we  seu  in  ttu!  acta  of  Uoshing 
and  LTiiction. 

33.  Ui>ou  the  circ\dation  of  the  Blood  througli  all  parts  of  the  tkbric, 
depends  in  tho  first  place  tlie  Nvtritifm  of  tUo  tissues.     Upon  this  Bub- 
juct,  foniierly  iiivolvi'd  iii  the  greatest  ohHciu-ity,  much  light  has  recently 
hoeu  tbrown  liy  Mic-roscopic  diacovury ;   it  htinj;  now  imdumtood.  that 
the  tontiuucd  growth  and  ronewul  of  eiich  tiHsut"  la  elfected  by  a  coii- 
tluuatiou  of  a  procesB  eudcutially  similar  to  that  by  which  it  was  first 
dovelojwd.      The  gruateat   difficidty,  iii  tliu  pri'sent  condition  of  our  > 
knowledge,  is  to  comprehend  the  miisou  why  aiicb  a  vaiiety  of  products 
ahould  apring-Hp   in   the  first  inatauoe,    wheu  the  c«Ub   in  which   they 
all  origiuat*,  appear  to  he  so  exactiy  alike.      The  imjHii-tant  discuveriea 
now  re&rred-tiO,  arc  not  confined  to  healtby  structures;  for  it  has  been 
ascortained,  that  diseased  growtliB  have  a   similar  origin  and  mode  of 
oxtenaion ;  and  tliat  the  ituilignaiU  chai-act^r  assigned  to  Schirrus,  Medul- 
lary SorooTiia,  and  other  such  productions,  is  ]iartly  connected  with  tho 
fact,  that  they  are  composed  of  cells  which  undergo  little  metamorjihoais, 
and  retain  their  reprcxluctive  power;  bo  that  troni  a  single  cell,  aa  from  ' 
tliat  of  a  Vegetable  FmiguB,  a  large  stnicture  may  rajiidly  sjiring  uji, 
the  removal  of  which  is  by  no  means  attended  with  any  certainty  that 
it  will  not  apeedily  re-a]ipear,  from  some  germs  left  in  the  ftystem. — Tho 
independent  vitality  of  tho  cells  in  which  all  organized  'tissues  originate, 
might  he  of  itself  a  satisfactory  jirooti  that  in  Animals,  as  in  Phuits,  the 
actions  of  Nutrition  are  effected  by  the  jiowers  with  which  they  are  indi- 
vidually endowed ;  and  that,  whatever  influence  the  Nervous  ^stem  may 
have  upon  them,  ita  agency  is  not  essential  to  their  jjcrformance.     More- 
over, it  is  certain  that  no  formation  of  nervouB  uiatter  t:ikes  place  in  the 
emhiyonic  structure,  until  the  processes  of  Organic  life  have  been  for 
some  time  in  active  operation.    The  influence  which  the  Nervous  System 
ifl  Icnown  to  Imve  upon  the  function  of  Nutrition,  is  ]>i-oliah!y  exerted  in 
two  ways;  first,  through  it«  power  of  regulating  the  diameter  of  the  ' 
arteries  and  eapilhuiea,  by  which  it  controls  in  some  degree  the  alflujc  of 
blood ;  and  accondly,  thi'ough  the  more  dii'ect  relation  of  tho  Nervous  i 
force  to  those  other  forma  of  Vital  agency,  which  manifest  themselves  in  ■ 
the  growth,  development,  and  maint«nance  of  the  living  tissues.    (See  ' 
PuiNc.  OP  Gen.  Phyb.) 

34.  The  continual  disintegration  to  winch  the  living  tissues  are  Hub- 
ject,  from  tho  various  causes  already  referred-to,  renders  it  necessary  tliftt 
a  meflns  sliould  be  provided  for  conveying-awny  the  wa-ste,  ils  well  as 
for  supjilying  the  new  luatcrial.  This  is  partly  eifcettHl  by  the  Venous 
circulation;  which  take*-up  a  large  [lart  of  the  products  of  incipient 
decomposition,  and  conveys  them  to  organs  of  £xcretioii,  by  which  they 
maybe  separated  and  cast-forth  from  the  body.  The  Awt  product  of  the 
decay  of  all  organized  strncturea,  is  carbmiie  nciil;  and  this  is  the  one 
which  is  most  constantly  and  rapidly  accumulating  in  the  system,  and 
the  retention  of  which,  therefore,  within  the  body,  is  the  most  injurious. 
Accordingly  we  find  a  most  important  organ — the  Pulmonary  ajiiiaratus 
— adniitod  to  remove  it;  and  to  this  the  whole  current  of  Venous  blood 
jinssea,  before  it  is  again  sent  tlirough  the  system.  The  efficient  perform- 
ance of  this  ftiiietion  of  Mfgpl ruliim  ia  so  eaaential  to  the  well-being  of 
wann-blooded  animala,  that  a  special  heart  is  prnvided  for  projielliug  the 
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tiafliis;  aii<I  it  combiDts  this  with  other  elements,  into  a  secretion  ^ 
is  of  greiLt  importance  in  the  digestive  process.      The  hepatic  circulfl 
boireTer,  is  not  kept-up  by  a  distinot  irapoUing  organ  j  but  the  ve 
blood  from  the  ah<loaiinttl  viscera  (and,  in  the  lower  Vertebrata, 
from  the  pust<'rior  piirt  of  the  body)  paasea  through  the  liver  oi 
return  to  the  bejirt. — But  further,  all  animal  aubstances  hiive  a  tendl 
during  their  decomposition,  to  throw-otf  nitrogen,  aa  well  aa  curl 
and   this  nitrogen,  in  combination  with  other  elements,  forma  I 
peculiar  molUtd  oompoundi^,  which  it  is  the  special  Unction  of 
Kidney  to  eliminate  fi-om  the  pirculnting  fluid.     The  most  chaiwrtet 
of  those   in   Man,  namely  iirea,  contains  a  larger  ppojmrtion  of  nitrt 
than  if)  found  in  any  other  organic  compound;  and  is  identical  ii 
chemicid  nature  with  cyanato  of  ammoiua.     Its  production  seeuu 
gi'eiit  part  to  dei>end  iijiou  tbc  tliaintegnition  of  the  Mitacular  tissue; 
there  is  also  evidence  that  it  may  result  fi'om  the  retrogi-ade  metan 
phiisis  of  Albuminous  or  even  of  Gelatinous  matters  circulating  in 
blood.     The  action  of  the  Kidneys,  which  also  sei-ve  aa  emunctoriea 
various  soluble  mutters  (especially  saline  compounds)  whose  accum 
tion  in  the  blood  would  be  injuriouii,  is  equally  CKsentiul  to  the  ( 
tinned  performance  of  the  other  vital  functions,  with  that  of  the  In 
and  liver;    since  death  invariably  follows  its  suspension,  unless  s( 
other  means  be  provided  by  Nature  (as  occasioniUly  happens),  for 
separation  of  its  chai-acteriatio  excretion  irom  the  circulating  blood 
But  further,  the   regulation   of  the  amount  of   fluid   in   the   vessel* 
pro^'ided  in  a  kind  of  sufeltj-vtiJve  structure,  existing  in  the  Kidni 
whicb  reftdily  pennita  the  e-scape  of  aqueous  Jliiid  from  the  capitt 
vessels,  into  the  urinaiy  canals,  by  a  process  of  physical  trimsudati 
which   is  altogether  distinct   from  the  secretion  of   that   sWi'i/  raati 
which   it  is  the  office  of  tlie  kidneys  to  separate  from  tlie  etrculati 
blood.     Hence,  if  the  excretion  of  fluid  from  the  skin  1te  checked 
cold,  so  that  an  accumulation  would  take  place  in  the  vessels,  the 
creased  pressure  within  them  causes  an  increased  escape  of  water  throo 
the  kidneys. 

3C.  The  various  Secretions  which  have  not  already  been  advert^d-^ 
appear  for  the  most  part  to  have  for  their  object  the  performance  of  sol 
special  function  in  the  system,  rather  tjian  the  conveyance  out  of  it 
any  substances  which  it  would  be  injurious  to  retaiu.     This  is  the  ca 
for  example,  in  regard  to  the  secretion  of  the  Ijachrymal,  Salivary,  a| 
Mammary  GliuiiLs,  as  well  as  with  that  of  the  Mucous  awl  Serous  M«( 
brancs.     The  excretion  of  fluid  from  tlie  Cutaneous  surface,  howei^ 
jijijieara  to  answer  two  important  purposes, — the  removal  from  the 
of  a  portion  of  itM  supcHluous  liuid,  containing  products  of  deconqjositil 
— and  the  regulation  of  its  temjicrature.     Just  as,  by  the  action  of 
Lungs,  the  conditinua  are  supplied,  by  which  the  temjvcmture  of  the 
is  kq)t-up  to  a  certain  stanilard,  so,  by  that  of  the  Skin,  this  ia  prere 
from  rising  tixi  high;  for  by  the  continual  exudation  from  its  siu-fa. 
fluid  which  has  to  be  carried-ofi'  by  evaporation,  a  degree  of  cold  is  „ 
rated,  which  keeps  the  calorific  processes  In  check :  and  this  ezudatjij 
b  augmented  in  proportion  to  the  eleiation  of  the  exteraal  temperatu]( 
which  seems,  in  fact,  the  direct  stimulus  to  the  process. — In  all  forms* 
(rwe  Secretion,  the  selection  of  tlie  materials  to  l>o  seiMirated  from 
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39.  The  process  of  Generatiim,  like  that  of  Nutrition,  has  been 
recently  iii>-t>lvL'd   iu  grcit  obanurity;  and  although  it  ainnot  be  sa 
be  yet   fully  elucidated.,  it  htm  been  brought,  by  lat*  inveatigation 
more  withioi  our  oompreheusion,  thou  was  formerly  deemed  jiOB 
The  close  couiiection  between  the  ReproductiTe  and  Nutritive  opurat 
both  as  regards  thiilr  resiKtirtive  cha.r»cters,  nud  their  dojteudenoa ' 
one  auother,  luis  long   been    recoguized;    and  it  is  now  reDdered 
moi-e  I'videut,      Nutrition  baa  not  bei-n  unaptly  designated,  "a  perpi 
repiijditction  i "    and  the  expri'ssion  ia  strictly  correct.     In  tbe  (. 
formed  organism,  tho  supply  of  alimentary  material  to  every  port  of 
fabric  enables  it  to  produee  a  tissue  resembling  itself^  thus  we  ordiu 
find  true  bone  produced  ouly  in  continuity  with  bone,  nerve  with  nt 
muscle  with  luuscle,  and  so   ou>      Hence  it  would  apjiear  that,  whi 
pijition  of  tissue  has  once  tuken-on  a  particular  kiitd  of  aution,  it  i 
tlnuos  to  reproduce  itself  ou  the  same  plan.     But  in  tbe  proper  Gen 
tive  process  it  ia  different.      A  single   eel!  is  generated  by  curttun   | 
limiuary  actions,  from  wliicb  cell,  all  those  which  subsequently  eotii) 
the  embryouio  struoturea,  take  their  origin;  and  it  is  not  until  a  u 
period,  that  any  distinction  of  part^  can  be  traced,  in  tbe  moss  of  yoA 
wliich  spring  fi-om  it      This  distinction  becomes  more  and  more  obvi 
OB  development  advances  i  the  form  and  jusition  of  the  principal  org 
being  first  marked-out  by  peculiar  aggregations  of  cells ;  and  the  intim 
sti'uctui'e  of  each  being  bi-ougbt,  by  pi-ogresaive  metamorphosis  of  1 
tissues  consecutively  develojied  from  these,  to  the  type  which  is  clina 
teristic  of  it. — Hence  we  may  state  tho  essential  choi'acter  of  tbe  fUnda 
of  Genenitiou  to  consist  in  the  pi'oductiou  of  a  cell  of  most  pecul 
endowments;  wbicli.  when  supplied  with  nutriment,  ami  acted-on 
wamitli,  does  not  simply  multiply  itself  bo  as  to  produce  a  mere  aggra 
tion  of  similar  cells,  but  gives  origin  to  a  succession  of  broods,  whi 
imdergo  such  heterogeneous  transformations,  as  ultimately  to  evolve, 
organism  ca]inb!e  of  maintaining  an  independent  existence,  in  which  t 
number  of  different  pai-ts  is  equal  to  that  of  the  functions  to  be  p( 
formed,  each  separate  pai't  having  an  office  distinct  from  that  of  tbe  rd 
and  being  specially  adapted  to  it  alone.  I 

40.  But,  it  will  bo  inquired,  how  and  where  in  the  Human  body  (dI 
in  tbe  liigher  Animals  in  general)  is  this  emljryonic  vesicle  producet 
and  what  are  the  relative  offices  of  the  two  sexes  in  its  foi'mationl  TB 
is  u  question  winch  must  still  be  answei-ed  with  eome  dogi'ee  of  doutl 
and  yet  oljsen-ed  phenomena,  if  explained  by  tho  aid  of  analogy,  seem  I 
lead  to  a  very  direct  couolusiou.  The  embryonic  vesicle  itself,  like  othl 
cells,  must  aiise  from  a  germ ;  and  reasons  wiU  be  hereafter  given  for  t| 
belief,  that  this  germ  is  the  product  of  the  admisture  of  the  contcnta  I 
the  'sperm-ceir  of  the  mide  with  that  of  tbe  'germ-cell'  of  the  femall 
and  that  this  iidmixUire  ia  reqidsitijforthe  regeneration  of  tbat  'germinf 
capacity,'  which  is  graduidly  expended  in  the  developmental  pi-ooess.  11 
operations  immediately  concerned  iu  tliis  function,  as  in  tliat  of  Nutritioi 
— namely,  the  preparation  of  the  '  Bpemi-cells'  and  of  the  '  germ -eel  Ik,'  vk 
act  of  fecundation,  and  the  development  of  the  embryo, — are  not  depcudai 
upon  nervous  ageucy,  and  are  but  little  indueneed  by  it;  and  the  fual 
tions  of  Animal  Life  are  cidled  into  play,  only  iu  the  preliminary  om 
concluding  steps  of  tbe  process.     In  many  of  the  lower  Animals,  there  j 
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tissues  by  whose  inatnimcntality  tliey  ftri-  perfimied.     Sucb  movm 
in  beinga  of  lowest  orgiinisation,  probaLiy  bear  a  much  greaterprojK! 
to  tliu  whole  ajiiouiit  of  those  eshjijit«ij  by  tlietn,  than  they  tlo  it 
higher;  whilst  those  which  we  may  regard  aa  specially  (lependent 
oervoua  Bysteiu,  appear  to  constitute  but  a  smitll  part  of  their  ge 
vital  actions.     The  life  of  such  beings,  therefore,  liears  a  much  e 
resemblance  to  that  of  the  Vegetable,  than  to  that  of  the  higher  An 
Their  organic  fiiuctiona  are  perfonoeJ   with  scarcely  more  of  sen 
movement,  than  is  seen  in  plants;  and  of  the  motions  whieh  they  d( 
hibit  (neiirly  aU  of  them  immed'uitcly  concerned  in  the  mointenoni 
the  organic  functions},  it  la  probable  that  many  are  the  result  ol 
simple   CE^utractility  of  their  tissues,  cjvlled  into  attion  by  the  sti 
directly  applied  to  them.      It  is  acaj'cely  poitsible  to  imagine  that 
beings  can  enjoy  auy  of  those  higher  mental  jiowers,  which  SLtu  recogl 
by  observation  on  himself,  and  of  which  he  dbtcema  the  manifestat 
in  those  tribes,  which,  from  their  nearer  rehttion  to  liimself,  he  rpgar> 
more  elevated  in  the  scftle  of  existence. — If  wo  direct  our  attentioD 
the  other  hand,  to  the  ps>)chicul*  ojjeratious  of  Man,  as  forming  piir 
Ilia  genenii  vital  actions,  we  perceive  that  the  pivjportion  is  comjile 
reversed.     So  far  fi-oni  his  Oi-gauic  life  exhibiting  a  predominonc. 
appears  entirely  subordinate  to  his  Animal  functions,  and  seems  desti 
only  to  afi'urd  the  conditions  lor  their  pei-foi-m.ince.      If  we  could  irnaj 
his  nervo-muscidar  apparatus  to  be  isolated  from  the  remainder  of 
corporeal  structure,  and  to  be  endowed  in  itself  with  the  power  of  mi 
taining  ib*  integiity,  we  should  havt?  all  that  is  essential  to  our  idw 
Mull.     Ilut,  as  lit  pruBeut  coiiatituted,  tliis  iipiiamtiis  is  dependent,  for 
conditions  r)f  its  functional  activity,  upon  the.  nutritive  apparatus;  \ 
the  whole  object  of  the  latter  appears  to  be  the  supply  of  those  conditii 
That  his  mental  activity  should  bo  tima  made  dependent  upon  the  i 
supply  of  his  bodily  wants,  is  a  [lart  of  the  general  scheme  of  his  | 
bjitionary  existence;  and  the  first  excitement  of  his  intellectual  pow 
in  a  great  degree  i-esulia  from  the  demand  thus  set  up  for  alinient 
material.  J 

43.  The  ministration  of  the  Nervous  System  to  purely  Animal  I 
obviously  consists  in  part  in  rendering  the  mind  cogniaint  of  that  wh 
is  taking  place  around,  and  lu  enabling  it  to  act  upon  the  material  wui 
by  the  instruments  with  which  the  body  is  provided  for  the  purpose.  ! 
is  important  to  observe,  that  every  method  at  present  atrtainly  kno^ 
by  which  ifind  can  communicate  with  Blind,  involves  'u\  the  first  pla 
ft  generation  of  nervous  force,  wliich  excites  muscular  contrnctiJ 
secondly,  a  physical  change  determined  by  that  contraction,  the  medil 
of  which  may  be  sound,  bght,  or  motion ;  and  thirdly,  the  operatioiJ 
this  physical  change  as  an  'impression'  upon  the  sensory  nerves,  ■ 
through  them  upon  the  Bcnsorial  ganglia,  of  the  other  party.  Such  ia  f 
case,  for  example,  not  only  in  that  communication  which  takes  place  j 
language,  whether  written  or  spoken;  but  in  the  look,  the  touch,  || 
gestui'c,  which  are  so  fj-eijuently  mon^  expressive  than  any  words  can  ■ 
and  thus  we  see  that  our  tuterchauge  of  ideas  and  emotions  which  i 

■  Hete  sad  elsawliere  tliin  term  will  be  cmpliiyeil  in  its  (nrwi  entonJed  Beii»,  tn  <!<■ 
Dst«  lUl  the  mcutnl  upornlinnn. — wfaolli^r  iDlellectuB.),  ctnotlomiJ,  or  insli motive, -J 
wfaich  Man's  anroaa  Byslfm  ie  tjiv  instrument.  J 
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impmsiaDB  of  ihe  mmn^  clmmctur,  ti  higher  lunonnt  of  force  is  gtv 
them. — The  apjKiiiitus  whioli  Liiniatore,  however,  to  the  uenae  of  SiH' 
fur  less  complete  ia  its  endomnents;  for  it  serves  only,  in  Man  at 
for  the  (lisoriiaination  of  odorous  eaianntioas,  and  affords  do  (jiiii 
with  regard  eithei'  to  their  direction  or  their  source.  In  fact,  the 
of  informatjon  which  Mun  roeeivus  through  this  senBC,  (weraa  Teiy  i 
akin  to  that  which  the  lowest  animala  jHtssessing  visual  ot^gans 
derive  from  iheir  employment,  StdJl  a  apecial  organ  of  sense  is  reqi 
t«  enable  the  olfactive  nen-e  to  bo  im^irci^cd  hy  the  jieculiar  ngcn 
odorous  enmnationa ;  which,  whatever  be  tlioir  nature,  have  no  oper 
upon  ordinary  sounory  surfaces. — It  is  not  a  Uttle  remarkable,  thai 
speciality  of  organization  of  the  nervea  of  Sight,  Hearing,  and  S 
renders  them  incapable  of  receiving  ordinary  mechaidcal  impri'ssioni 
that  the  contact  of  solid  subatances  with  Ihe  seiiaory  surfaces  which 
supply,  is  not  felt,  except  through  the  instnnnentality  of  olliei-  nei 
and  no  irritation  of  their  trunks,  mechauicnl  or  otherwise,  gives  ri 
feeliogs  of  pain.  The  sense  of  Taate,  however,  though  special  in  r« 
to  the  peculiftrity  of  the  inipreasionB  which  its  organ  ia  adaptv< 
receive,  is  closiOy  akin  to  that  of  Touch  in  the  conditions  under  whi 
is  esennsed ;  the  absolute  eoatnrt  of  the  sapid  nulistauee  with  the  sen 
Burfftce  being  rec|iiiaite;  and  the  papillary  oi^tins  in  which  the  gust* 
nerves  may  be  said  to  originate,  being  essentially  the  same  in  slnu 
with  those  of  ordinary  tactile  surfiices. 

45.  The  Brain  and  Spina!  Cord  of  Man,  in  which  by  far  the  gn 
part  of  the  afferent  nervea  terminate,  and  from  wluch  nearly  all 
motor  nerves  aiise,  may  be  considered  ob  made-tip  of  an  M^gi^egation 
number   of  distinct   ganglionic  centres,  each   of  which   has  its  peci 
endowments,  and  is  connected  with  neiTOUB  trunks  of  its  own, — C 
mencing  with  the  .SyiJW  Civfl,  wc  find,  on  comparing  it  with  the  gfu 
ated  column  of  Articulated  animals,  that  it  really  consiata  of  a  seri) 
ganglia  disposed  in  a  longitii<linal  line,  which  have  couJeaced  with  i 
other;  eiich  ganglion  being  the  centre  of  the  '  nervous  circle'  prope 
one  vertebral  Hcgnieat  of  the  trunk.     Thntughout  the  entire  seriee. 
hnd  no  other  endowment  than  that  of  reacting  ujmd  an  excitant; 
excitant  being  either  conveyed  by  the  afferent  nerve-trunks,  or  tn 
mjtted  downwards  from  the  higher  pirta  of  the  nervous  system. 
impression  which  ia  limited  to  tliia  series  of  ganglia,  excites  any  senso 
change;  so  tliat  we  may  consider  the  Spinal  Cord  as  the  speoiol  ijia' 
ment  of  the  '  excito-niotor'  division  of  the  fiinetions  of  the  nervous 
tem.     The  ordinary  Spinal  nerves  are  distributed  to  the  sensory  gurfi 
and  to  the  muscular  apparatus  of  the  liody  generally;  but  at  the  sum 
of  the  Cord  we  find  a  peculiar  set  of  ganglionic  centres,  included  in  t 
part  wliich  ia  distinguished  as  the  McdiiUa  OliU/nrfala,  whose  nerves 
diatributed   to   the  organs  of  RenpiriLtion,   Deglutition,  Ac,,  luid  wl 
function  conaists  in  austainiiig  the  muscular  inovemcuts,  whose  jierfomia 
is  essential  to  the  continuance  of  these  functions.     The  movements 
question  are  purely  re'i--^^- :  and  there  is  no  other  reason  for  distinguish 
the  endowments  of  the  Medulla  Oblongalai  fiv.m  those  of  the  Spimd  Cf 
save  that  which  arises  out  of  the  sjieciality  of  the  purposes  to  which 
movcmeut«  are  subservient. — At  tlic  summit  of  the  Sj)inal  Cord,  i 
partly  lodged  in  the  suiMtanoe  of  the  Medulla  Oblongata,  wo  find 
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kind  of  nasocifttion ;  and  thus  '  trains  of  thought '  an?  suggeatiTely  evolved, 
by  ati  operation  whicli  (as  will  W  shown  heroifter)  ia  not  less  truly  ft 
'reflex  action'  of  the  Cerebrum,  than  is  that  which  nianifeats  itself 
directly  in  jiroducing  raovenient.  These  tmina  of  thought,  whether 
imaginative  or  ratiociimtive,  may  proceed  ijuito  nvtmnalicaUy,  if  Icfb 
entirely  without  uontrol ;  but  the  Will  has  a  remarkable)  power  of  direct- 
ing them,  by  couceutratiDg  the  attention  on  any  Hubjoct  which  it  may 
choose  to  select  from  those  iictually  jiresent  to  the  conscioutiuegs,  and  by 
keeping  all  nthera  out  of  view.  And  when  the  concluBion  of  the  Intellec- 
tual process  lias  been  thus  arrived-at,  the  Will  can  bring  its  decision  ta 
bear  u]iou  the  muBciilar  ayatcm  ;  not,  however,  as  ia  commonly  sufiposed, 
by  directly  transmitting  nerve-force  to  the  muscles  whose  action  will  bo 
required;  but,  as  will  be  shown  hereafter,  by  impressing  its  determina- 
tioua  ou  the  aensori-motor  portiim  of  the  Nervous  systeni,  by  whoso 
instrumentality  the  n^quisite  movements  are  inMirirlirdi/  pnimfitcd." 

47.  Anirther  division  of  the  Nei-voua  Syatem  appeara  to  have  for  it« 
object,  to  combine  and  harmoniHe  certain  muscular  movements  imme- 
diately connected  with  the  maintenance  of  Organic  life ;  and  to  bring 
these  into  relation  with  certain  conditions  of  the  mind.  Tliere  is 
further  ivason  U^i  believe  that  it  also  influences,  and  brings  into  connec- 
tion with  each  othir,  the  proceasce  of  Nutrition,  Secretion,  >tc. ;  though 
these,  like  the  muscular  movements  just  mentioned,  are  easeutially  inde- 
pendent of  it. — This  portion  of  the  nervous  appai-atus  is  commonly  known 
under  the  name  of  the  Sj/mpal/ietie  system;  it  hnti  a  set  of  ganglionic 
centres  and  nerves  of  its  own  ;  hut  it  is  also  intimately  blended  with  the 
Cerebro-Bpinal  systeiii,  both  reoeiving  fibres  fi'om  it,  and  also  sending 
fibres  into  it 
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1.   Of  Food,  iU  Jf attire  mul  DeatiiuUion. 

48.  The  nulistancea  which  are  refjnired  by  Animals  for  the  develoi>- 
ment  and  maintenance  of  their  fabric,  are  of  two  kinds; — the  Organio 
and  the    Inorganic.     The  Organic   alone   are   commonly    reckoned  aa' 

•  With  reriireDW  tu  Umt  cliu  of  operations  of  whioh  the  Cerabmin  in  the  instminent, 
it  it  veil  here  \n  Biplaiu.  tbat,  Ihiingh  tho  Phj'aiologisC  ipenka  of  the  Inletlectuftl  puiisn, 
Moral  fedliDgB,  hv,,  M  fujtcft'mA  of  the  ^'o^TlrU9  Syglcm,  the;  ire  not  ao  in  tLe  aeOH  in 
vhich  tbo  t«nn  is  emplojcd  in  re^nrd  to  utJitrr  M|ier;Lti4inA  of  thu  IhhIjIj  frame.  In  Evneral, 
hj  tfan  JnnflioK  of  (u  organ,  we  undeutftnil  kudo  change  wliii'li  may  be  made  ETideiit  io 
the  umw*.  ai  veil  in  our  awn  «ptem,  an  in  ttie  baclj  of  another.  SensHtlon,  Th^ri^bt, 
Kmoljon.  and  Volition,  howerar,  are  changes  imporeeptilile  to  uur  Btnscs  hj  bdj  nieaOB  of 
oh*erittiii>n  *e  Ht  [irrneot  pnwesa.  We  are  oogniiuit  of  Ihcm  in  uurselven,  witliunt  tlic 
iuleirmitioa  of  thirau  [irocenea  by  whjoh  we  olflflrve  material  chanjfe^  uxt^nial  tu  uur 
mindi ;  bat  bo  jn^lgu  af  theiu  in  otbers,  ontj  by  infereneea  fuunded  on  the  n^'tiuns  to  vbich 
they  give  rise,  when  aimtiare-I  with  our  own.  When  we  sp«ik  of  wnBntion.  llionght, 
emotion,  or  voliciou.  therefore,  lu  funetion*  of  the  NvmiDg  ^fniem,  we  mean  only  that 
thia  nyHtiim  fuminheii  the  ci>ndition«  nnilar  whii'b  Ihu-j  I'liat  in  the  liring  biuly^  auU  w« 
leaw  the  i[uerti"n  eutirelj  open,  whelhur  the  "ivxi  Ima  or  has  uot  an  eiinteace  iuiifpeodeDi 
of  thnt  of  the  matenal  DTguuna,  hj  which  it  uperiLtes  in  Man,  u  he  la  &t  ptcsimt  eon- 
atitated. 
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Oleaginous  matler*  do  not  seem  to  uuilurgo  nny  cLiinge  preliminar 
their  o\tdiitioii,  suve  their  reduction  to  a  state  of  very  line  division. 
sUull  preseutly  see  (§  54)  that  a  very  considerable  difference  exists  l>etw 
the  Suocliarine  and  the  Oleuginims  matters,  in  regaitl  to  tlieii-  reUl 
cftlorifyiu«;  powers. — That  none  of  theao  noii-atolisrd  snliatttnoea  an, 
made  capalile,  by  metiimorphosis  or  comTjination  witliin  the  Animal  be 
nf  tjikiug  the  place  of  the  ii.zot!seil  siibstiincea  tm  '  Idatogenetic'  or  '  plaa 
compouiidB,  may  now  be  regarded  ua  one  of  the  moat  certain  &ct« 
Physiology;    the    eonciirreiit   evidence   of   ex])erimeut   and   observat 
leading  to  the  wjnduaion,  that   ui   PinntH  alone  con  any  protluction 
luwtized  compounds   Uike   placii,  and  that  Animals  are   in   couseijuei 
directly  or  indirectly  dependent  ujiau  the  Vegetable  kingdom  tbr  th 
means  of  aubsistenoe.     If  animals  be  fed  exclnaively  iipriD  Hacoharine 
Oleaginous  substances,  of  any  kinil  or  in  auy  combination  wbatever,  til 
speedily  peiish   with   symptoms  of  Inanition:  and   the  only  [Lssistal 
which  snch  food  affords  in  the  prolongation  of  life,  is  derivetl  from 
oaloritic  [lower  (J  27). 

51.  The  substances  formiu(j  the  AOmminoitt  group  are  applicable 
the  support  of  the  Animal  body,  both  by  affording  the  niateriila  for  t 
nutrition  and  rei-formation  of  its  tissues,  and  also  by  serviug  (il'  reijuiro 
for  the  miuntenauce  of  its  heat,  thi'ough  the  decomposition  of  which  thj 
are  susceptible,  into  hydrocarbonaceoua  matteni  adajited  for  combuBti( 
in    the   lungs,    and    highly-azotized    compounds    which    pass-off  by    tl 
kidneys.      The  proportions  of  caj'bon,  hydrogen,  oxygen,  and  nitrogen,  | 
which  all  those  substances  are  comjiuaed,  appeal"  to  be  identical ;  and  till 
seem   all   capvble    of  being   I'educed  by  the  digestive  process  to  a  til 
condition.      Hence  it  is  a  matter  of  little  consequence,  except  as  I'egHii 
the  pro]Kii-tion  of  inorganic  matters  with  which  they  may  be  i-espectivs( 
united,  whether  we  draw  our  hlst^igeuetic  materials  from  the  fleRh 
animals,  ti-om  the  white  of  egg  (albitmeri),  fnim  the  curd  of  inilii  (ci 
from  the  grain  of  wheat  (gluten),  or  from  the  seed  of  the  pea  (legumi 
Neither   of  these   substances,   however,  can   long   sustain   life  when 
is  used  by  itaelf;   for  it  has  been  experimentally  ascertained,  that 
being  made  to  feed  constantly  on  the  same  substance  (boiled  white    _ 
^Z'Si    fcr  instance,   or  meat  deprived  of  the   osmazome  that  gives  | 
flavour},  an  animal  may  bo  efTei^uaUy  starved  ;  its  disgust  at<  such  foqjj 
being  such,  that  even  if  this  be  swallowed,  it  is  not  digested," — TJ 
organized  fabric  of  Animals  contains  also  a  large  quantity  of  Gftalin.     % 
seems  certain  that  this  substance  may  be  pi'oduced  out  of  fibnn  all 
albumen  ;  since  in  animals  that  are  aupjKti-ted  on  these  alone,  the  nuti 
tion  of  the  gelatinoiLi   ti.ssues  does  not  seem  to  bo  imjMLiiHMl.     But  it  hi 
iicen  coi[imonly  KU[i]>fised  that  gelatin  taken-in  aa  food  m.iy  serve  ft 
the  growth  and  uiaiutenanci!  of  these  tissues;  even  though  it  may  I 
incapable  of  conversion  to  the  albuminous  type.     It  is  vei^  doubtfti 

•  It  is  VBTj  iiitereating  to  renmrfc  (with  Dr.  Proilt)  lliill,  in  Ihe  oaly  inatanci;  in  irhil 
Ifatore  baa  provicJi^l  a  ninfjU  article  of  focHl  for  tbo  Biipj>urt  of  the  tmiiaal  l'i"Jy,  alie  bl 
miogled  anii'lei  frum  th«  fimt  riiree  of  the  i)rei:eilin(;  gnmpR.      This  is  Uie  «»«■  in  Alttllf 
irhich  contAins  a  (^uiididutAblc  i]Daiititj  of  iwn  albnmiDaDB  HQbsUuicb,  citaftH,  which  forma 
iU  Furd ;  a  good  dcul  of  'lilg  nMler,  the  butter ;  and  no  incouwleralile  amount  of  tagar, 
which  ia  (li»olv«l  ia  the  vhey.     The  pri>[x>rtiuug  of  these  vary  in  different  Mommsl'*-'' 
and  Umyde^iejiJ  in  part  upon  iJic  npitun^  of  the  food  supplied  to  the  AriimAl  that  forma 
milk  ;  but  the  Fiiibf^lAnoeA  are  tltuA  comhiiied  in  every  jnbtauoe. 
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its  hisliiifcnetif  vnliie:  wbiTi!,  on  the  otlier  hwid,  tlic  jier-centage  of 
mtrogeci  ia  the  smnlli-st,  that  of  hydro-ciirljoii  ia  the  Ifirgent,  mid  the  jiro- 
portion  of  the  combustivc  niattTin,!  is  the  highest.  The  foUowiug  Tahle* 
specifies  thia  jiruportion  in  the  ciijie  of  viirioiia  articles  used  as  fuod ; 
Human  Milk  heing  taken  astho;Jtandiirdof'coiuj>u.rLHon,iind  the  qiuiutity 
of  nitrogen  it  contains  being  exjiresaed  by  lOU.  It  muHt  be  borne  ia 
mind,  however,  that  this  substaneu  is  intended  for  the  nouiishmeut  of  a 
lieing  whicli  pnases  nearly  the  whole  of  its  time  in  a  quiesceut  state,  and 
liinat  not  he  KU]i|xiBed  to  be  eqnally  well  adapted  for  the  sole  iiiaintenaniM 
of  the  Human  liody  in  a  ataUf  of  activity.  In  fact,  it  ia  inferior  in  it« 
projiortioi!  of  Casein  (the  suKitiinco  of  whicli  alone  tlie  azote  fiirnis  a  [mrt) 
to  the  milk  of  other  Mammalia,  whose  young  bring  their  animal  functions 
iDto  eiitn'oisu  at  a.  much  eiirlier  period  than  doeu  the  Hiuimn  tnlanl. — 
Thti  proportions  &rc  those  existing  in  the  dry  aolids. 


Sim  . 
Fotaloea 
Toruipi 
Bj«  . 
Hum   . 


Vei/elabli: 


.     .       81  Bnrluj  .      . 

.     .        8)  0»W      .     - 

.     .     ](ia  WLite  bread 

.     .     106  Whail  .     . 

.  100-12B  CnmilB 


.     .     laS  Brriwii  liread  .     .     .  l(i«  1 

.     .      138  Veaa 239  i 

.      .      142  Bari«>t  beans       ,      .  '±Si\ 

.119-144  A^iiriuuii  daUeiuona    .  3891 

.     .      IfiO  BuaaB 320] 


Oyster  .     .     .  . 
Yollt  of  t^'gj*    . 

Cliaat  .     .     .  . 

Ed,  raw    .     .  . 

Hnusel,  raw    ,  . 
Ol  liver.  rs« 

Pork-luLm,  raw  . 

boUad 

Satuiou,  raw   .  . 


.  100 

.  237 

.  305 

.  3U6 
331-«7 

.  434 

.  B38 

.  670 

-  B3B 

,  807 

.  776 


A  itinial, 

Salmon,  boiled 
Portflblo  aoup 
While  of  egg   .     . 
('mb,  hnilwl    .     . 
9kBte.  raw      .      . 

iKrilal  . 

HerriDg,  raw  . 

•    Iwiled     . 

Htitldwk,  nir 

boiltd  . 

Ploooder,  raw 


filU 
7>!4 
845 
8,50 
8fiW 

PIO 
SOS 
920 
Sid 
3SS 


Plounder,  biiiled  . 

Pigeun,  raw    .  , 

boiled  . 

Lujiib,  raw     .  , 
Matton,  raw    . 

boiled  . 

Veal,  raw  .     .  . 

boileil     ,  . 

Beef,  raw  .     .  , 

boilod     , 

Ox  luDg      .      ,  . 


9M, 
TM 
827 
B8S 

773 
853 
87S 
911 

est 


It  ia  not  to  be  snjipoaed,  however,  thnt  any  table  of  this  kind,  founded 

simjily  uj>on  the  Chemical  comjjosition  of  the  various  substances,  caa 
indicati'  tlioir  resjiective  fitness  as  articles  of  diet ;  since  this  deftends  also 
upon  the  facility  with  w^hich  they  are  reduced  hy  the  digestive  process, 
and  afterwai-ds  assimilated.  Thus  an  aliment  abounding  in  nutritive 
iiifttt^r,  may  bo  inferior  to  one  which  really  contains  a  much  smaller  jiro- 
portion,  if  only  a  [lart  in  the  first  case,  and  the  whole  in  the  second,  be 
readily  taken*up  by  the  ay  stem. 

■54.  The  colirrljlc  powereof  the  milwtances  aliovo  enumerated,  however, 
are  not  pi-ecisoly  in  the  inverse  nttio  to  their  Inatogenctic  value ;  for,  as 
the  amount  of  heat  givcn-otr  in  their  combustion  depends,  not  simply 
upon  the  amount  of  carbon  an<l  hydrogen  they  may  contiiin,  but  upon 
the  excess  of  their  hydro-«irbon  over  und  above  that  which  is  already 
combined  with  oxygen,  substances  that  are  alike  deficient  in  nitr<^n 
may  differ  considerably  in  this  respect.  Thus  in  oi'dinary  6it,  the  pro- 
portion of  oxygen  ia  only  about  10  [ler  cent,  whilst  that  of  hydro-carbon 
is  at  least  90  per  cent ;  in  alcohol,  the  pro|>ortion  of  oxygen  is  nearly  35 

*  SdUonbergor  and  Kemp,  in  "  Pliiluoapliical  Maguine,"  Nov.  1315. 
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thermometer  is  Fur  many  weeks  or  uionlhs  in  the  year  at  — 10°  or  < 
lower,  and  where  thu  amount  of  heat  which  must  lie  generated  wi 
the  body  ia  four  oi'  five  timea  that  li>r  which  a  diet  of  bread  will  sul 
— On  the  other  hand,  the  geneml  experience  of  the  iuhahitauls  of  w 
climates  seems  ia  favour  of  ii  (bet  chiefly  or  entirely  reijelaUf ;  am 
peculiai'  suitableness  a{>pears  to  consist  in  its  aflbrding  an  adeqi 
supply  of  the  plastic  alimentary  substances,  in  combination  with  I 
iinwous  matters  that  give  the  i-equisite  biUk  to  the  food  (j  lUi),  witb 
uffoTiiiug  inoi-e  coinbustive  material  thau  the  system  requireo, — 
quantity  of  stiireh  whii;h  undergoes  conversion,  and  which  is  introdu 
aa  sugar  into  the  circiilatiou,  being  ajipirently  governed  rather  by 
demanda  of  the  respiratory  pi-ocess,  than  by  the  amount  ingested;  \ 
the  remainder  beiDy  voided  again  uui-liuriged. 

56.  The  mited  diet,   to  which   the  incUflation  of  ilau   in  tempel 
climates  seems  usuiiUy  to  lead  him  (wlieu  oircumstances  allow  tliat  Ju 
nation  to  develojje  itself  freely),  ajipears  to  be  fully  confoiToable  to  ' 
ooustmction  of  his  dental  and  digestive  apfmnitus,  as  well  as  to 
instinctive  propensities.     And  whilat  on  the  one  hand  it  may  be  fi^ 
conceded  to  the  advocates  of  '  Vegetarianism/  that  a  weU-selected  ve 
table  diet  is  capable  of  produoiug  (in  the  greater  number  of  individui 
the  highest  p/ii/zical  development  of  wliiob   they  are  cajHible,  it  may 
the  other  hand  be  affirmed  with  equal  certainty,  that  the  substitution 
a  modeiste  proportion  of  animal  tleah  is  in  no  way  injurious,  whilstj 
fiir  as  oui-  erideuce  at  present  estcud-i,  this  seeraa  rather  to  favour  1 
highest  iiiiental  development.     If,  indeed,  w«  take  a  comprehensive  aui ' 
of  till!  eonditiona  of  the  various  meea  of  Man  at  present  inh&bitiug 
earth,  we  cannot  help  heiug  struck  witli  his  adiiptiveness  to  a 
variety  of  circumstances,  u«  regards  climate,  mode  of  life,  diet,  Ac. 
we   can   scan^ly  avoid   the   conclusion,  that  the  'Creator,  by  confer! 
upon  him  such  an  adaptiveness,  inteilded  to  qualify  him  for  aubaiai 
on  those  articles  of  diet,  whether  animal  or  vegetable,  which  are 
I'eaxlily  attainable  in  liilfei-ent  pai-taof  the  glol)e;  and  thus  to  remove 
obstacle  which  a  necesMary  n^trictiou  to  any  one  kind  of  food  wori 
have  otherwise  opposed  to  his  (miversal  ditfusiou.     If  we  were  to  \ta\ 
together  the  habitual  diet^^scales  of  the  several  races  of  Men  which  peop 
the  sin-face  of  our  globe,  we  apprehend  that  the  diveraities  which  tfil 
would  present  woidd   bo   scarcely  less   strange  thao  those  which  cxL 
among  the  regimens  of  the  most  dissimilar  species  of  Mammalia.     IS 
should  find  the  purely  animal -feeding  on  the  one  hand,  the  pure  v^ 
tarians  on  the  other.     Among  the  foiiner  we  shoidd  find  some  w 
devour  animal  (icsh,  others  tish,  and  others  fowl,  while  others  are  ev 
insectivorous;  then,  again,  we  should  encounter  some  who  devour  th 
food  raw,  others  who  cook  it  ;  some  prefei'iing  it  immediately  that  it  I 
ceased  to  live,  while  others  do  not  relish  it  until  it  hna  beuome  almi 
putrescent      So  among  the  vegetable-feeders,  we  should  liiid  some  s) 
sistiiig  u|ion  soft  fi'uita,  othere  upon  liard  grains,  others  again  chifl 
upon  succulent  herbage,  and  others  upon  roots  so  tough  as  to  requ 
artificial   means  tor  their  reduction.      In   the  various  devices  by  wh 
Man  has  succoedeii  in   availing   himself  of  these,  and  in  the  vari< 
tastes  which  have  led  some  to  avail  themselves  of  articles  of  food  whi 
others  would  loathe,  we  see  the  evidence  of  the  same  wise  Design,  as  U 
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II.  ExpcrienpB  teaches,  however,  that  it  is  not  a  matter  of  eatin.'  Inilif- 
fereiice,  whether  the  Altjumiiious  coiistitaiint  be  drawn  from  the  Animul 
or  from  the  Vegetable  kingtiom;  for  the  use  of  a  highly-nniiiialized  'liet 
has  a  tendeboy  to  raisin,  and  that  of  n  vegetable  diet  to  Uywer,  the  pi'opor- 
tion  of  red  corpuBclea  in  the  Blood  (§  I7();  whilst,  by  a  due  adjustment 
of  the  propoi'tion  of  the  two  cIbbsch  of  compoueiitti,  the  evil  elfeota  of  tha 
BxcluMive  use  of  either  may  be  prevented. 

iiL  So,  figiiiii,  Experieniie  loaches  what  could  scarcely  have  Itcen  anti- 
cipated theoi-eticaJIy ; — niunely,  that,  notwithstanding  the  power  which 
the  living  \>ody  posacssoa,  of  convertiing  saccharine  com|jotinda  into  oleji- 
ginoua,  the   ingestion  of  a  eertuin  amount  of  Oleaginous  mattei-  tut  gtich 
is  necessary,  or  at  least  ia  fnvonnihle,  to  the  maintenance  of  health.    Wa 
seii  this  provided  ia  larjte  quitntity,  in  the  first  aliment  prciarcd  by  , 
nature  for  the  ofl'spring  of  the  Mammalia;  and  it  t^xists  largely  in  the 
yolk  of  the  egg  of  all  Oviparous  animala.     In  the  oi'dinary  diet  of  every 
nation*  on  the  globe, — whether  this  be  animal,  vegetable,  or  mixed, — ^we  i 
find  one  or  more  articles  of  an  oleaginous  nature ;  and  there  is  a  natural  ' 
craving  f()r  such   Bubstauces  when   they  are  completely  withheld,  wliich 
indicates  that  they  scitc  some    im|iortaut   purpose   in   the   economy.  ' 
Although  i]ii»  craving  is  so  far  affected  by  climate,  that  it  leads  to  the  { 
largest  eonniunption  of  oily  matter  where  the  extreme  of  cold  has  to  bo  \ 
endured,  it  exiats  with  no  less  intensity  even  in  tropical  regions;  and  we  ( 
tind  the  Hindoo  atlding  his  modicum  of  'ghee'  (or  rancid  butter)  to  tha  j 
rice  which  nmstitiites  his  staple  aiticle  of  diet,  with  the  same  relish  that  | 
the  Ksqiumaiix  feels  for  his  miiasive  lum]>s  of  blubber. — It  does  not  seem 
difficult  to  iindei-stand  the  raCitntale  of  this  fact.      For  whilst  the  Adipose 
and  Nervous  tissues  are  the  only  portions  of  the  Animal  fabric  into  which 
fatty  matter  enters  in  any  considerable  pj"oportion,  yi-t  its  presence  has 
an  imjMirtant  inlluence  on  the  assimilation  of  albuminous  matters,  and 
seems  essential  to  eveiy  act  of  cytogtnesis  (see  Princ.  of  Gen.  Phys.) 
We  sliall  hereafter  see  (§  135)  that  it  is  probably  in  the  Lacteal  system, 
that  the  two  suljstaucea  are  brought  into  that  miitual  relation  with  each 
other,  which  these  purposes  require;  and  thus  it  is  obvious  that,  unleBS 
a  converBion  of  saccharine  intti  oleaginous  matter  can  tiike  [Jace  ia  tliG 
alimentaiy  canal  (of  which  there  is  no  ailequate  evidence),  no  true  chyle 
cjiii  be  formed,  excejit  when  oleaginous  mattei-s  have  formed  jwirt  of  the 
food.     There  is  strong  aud  increasing  reason  to  believe,  that  u  deficiency 
of  oleiiginous  matter,  in   a   state  fit   for  appropriation  by  the  nutritive  , 
processes,  is  a  fertile  source  of  diseasc<l  action,  esjiecially   of  that  of  & 
tuhercuJoua  character;  and   that  the   habitual   use  of  it  in  a  larger  pro- 
portion would  operate  fevourably  in  the  prevention  of  such  maladies,  as 
the  employment  of  cod-Kver-oil  unquestiunably  does  in  their  cure.     A, 
most   ■■eiiuirkable    example   of  this    is  presented  by   the   population  of 
Icelandj  which,  nutwitlistanding  the  concurrence  of  every   one   of  the 
oiroumstances   usually  considered  liivourable  to  the  scrofulous  diathesis, 
enjoys  a  most  remarkable  immunity  from  it, — without  any  other  assign- 

froqneot  in  earlj  autumn,  and  tthich  are  rommonlf  wt-iiuva  1^  tbe  arcouui  of  frnit 
(nltlxiugli  tlie  aDbjectc  uf  iLiaD  Lave  uftco  niMluiiieil  L-ntlrelj  fruni  dmt  nrtirtt).  an  nailj 
Uie  result  <:(  Iht  pr«8eti^e  of  &n  ext'u^i  of  liydru-carliuiuiMMius  matter  lu  thr  i<;inciii,  i^odh- 
(jneut  n|>ou  ii^vi^r-fK^iug  daring  the  iiummer,  luid  muit  bo  luokod-upon  cu  tho  uatunvL 
meaoi  by  wbicb  it  is  got  lid  of. 


H 


OF  FOOD,   AMD  THE  DIGESTIVE  PBOOEBS. 


imperfectly-assumlated    hiatogtnutic   substitnoefi   anJ   wrougly-ioetfl 
phused  products  of  disintegration,  that  axn  uot  duly  eliminatwi  ic 
kidueys;  and  this  diitthcRis  not  only  displays  itaelf  in  gniti  and  gi 
but  modjlies  the  cuurse  of  other  diseases.     Ho,  ogiitn,  an  excess  ol 
ale/ujinouji  constituents  of  tht'  food  tends  to  the  pruduation  of  the  hi 
diftthesis,  in  which,  through  the  insufficient  elimination  of  hydrocnrt 
ccous  matters,  the  hlood  benouiea  charged  with  the  elements  of  bile. 
excess  uff-ir! internum  matters,  moreover,  esj«x-ially  when  combined  w- 
defioioney  of  the  albuminous  (aa  it  too  frequeatly  is  aoioDg  tlinse  whc 
obliged    liy  necessity  to  live  chiefly  upon  a  '  poor'  vegetable  diot),  ti 
to  the  production  of  the  TlifwnuUii:  diathesis;  wliich  aeenia  to  consist, 
tlie  artliritic,  in  the  mal-assiiniliitioii  u.nd  ivrong  metamorpliuais  of 
coniponenta  of  the  tissues,  but  to  be  esfieciuily  favoiiivd  hy  the  pi-esi 
either  of  lactic  acid,  or  of  sonie  other  product  of  the  metaniorplioai 
the  saccharine  compoimda.     And.  aa  ali'oady  pointed  out,  the  defioie 
of  oleiiginous  inattew  seema  to  tend  to  the  development  of  the  leroj'ut 
diathesis ;  and  that  of  fruits  and  fresh  vegetables  to  the  production  of 
set'rbtUic* 

58.  The  fiJiHoliitt  ({■uiLHtlly  of  Food  reiiuired  for  the  maintenance  of 
Human  body  in  health,  varioa  ao  much  iritli  the  age,  sex,  conatitati 
and  Iiabita  of  the  individual,  and  with  the  eircumstauces  in  which  he  a 
be  placed,  that  it  would  be  abaurd  to  attempt  to  fix  any  standai-d  wit 
ehoTild  apply  to  every  particular  wise.      The   appetite   id   the  only  ai 
guide  for  the  8upi)ly  of  the  wants  of  ea^-h  ;  but  its  iniUcatiuns  must  | 
be  misinterpreted.      To  eat  when  we  are  hungry,  is  an  evidently  nntfl 
dUpoaiticiu ;  but  to  eat  as  long  im  we  are  liiuigry,  may  not  alwaj^  be  [if 
dent.     Since  the  feeling  of  hunger  doea  not  depend  so  much  upon 
state  of  fulness  or  emptine.'w  of  the  etomiioh,  aa  upon  the  condition  of 
general  system,  it  appears  evident  that  the  ingestion  of  food  cannot 
once  produce  the  efl'eet  of  dissipating  it,  though  it  will  do  so  after  a  si 
time;  so  that,  if  we  e-at  with  undue  rapidity,  we  may  continue  swallow 
food  long  after  we  liave  taken  as  nmcli  as  will  ideally  he  required  for 
wants  of  the  system;  and  every  superfluous  particle  is  not  merely  oseti 

'  It  in  WDrthj  uf  rsnmrk  that  in  the  limei<  when  even  the  wesltUy  liveii  during  fooB 
tiie  manlhg  uf  the  jearnlmiiat  eicliinirelj  upuu  mcut,  hreail,  ami  l!i>iir-|}uddingB,  and  v) 
therufure,  the  diet  was  fiir  too  higlily-szotUmt,  sii  wkII  no  duficieut  in  fivah  ceitelab 
A rthrilii^, Calculous,  and  .Scorbutic  dLHunlerH  were  uiuoh  more  common  than  at  preAent, 
ictn>diictLoD  iLud  universal  euipli>yinent  of  the  pijlnto  hn?  nnquestionabfy  ihiuo  mud 
TOrrect  these  two  t^udeneiaa ;  uu  the  one  hand,  bj-  ililalioy  the  azotiied  conntiluputa  of 
food,  so  that,  witb  tlie  Maine  bulk,  »  much  smaller  priijiortioii  of  theu  is  now  introdiUI 
and  on  the  other,  by  »iappjyitig  iit  the  UIikk)  wime  elemeut  whEch  Ih  easential  to  the  id| 
tenancy  uf  itfl  hi^ilthy  CLrnditi^jn.  But  with  the  diminution  of  the  arthritic  dlathtAi*,  wf 
the  eKperieDce  of  our  older  pindltionera,  and  the  modital  writings  uf  the  huit  c'enW 
indieala  as  huviag  token  place  during  tliat  pc^riud,  there  hna  been  iin  iucreime  in  the  Rli 
matic; — n  chongi?  whirh  oeenia  I.)  hnTe  n  cl,j(4e  relatiiio  lo  this  iJlaratiuu  iu  ditt.  And 
seemb  not  improhatde,  t<x>,  thut  thin  altenUlon  in  diet  hrie  much  &>  do  with  thnt  diiuiui^ 
power  of  vnsiaining  active  depletury  treattncnc,  which,  acc'^niini^  to  the  oltwrvation 
jirniiliti oners  of  lung  experience,  clnvmcteriics  the  present  genenitinn  as  compiired  with 
preceding.  But  whilst  there  is  a  diininisheil  laipsbility  iif  liearinH  large  t.l.Hid-leltil 
violent  purgnliou,  &c.,  there  is  attbexuuieljiijesuch  an  jncreaiieil  tendency  (o  a  favour 
termination  in  uuuiy  of  tfao?fe  diHUtisua  for  which  tbey  were  formerly  aceounteiJ  nuce^ 
as  ehunhl  remove  nil  rejcret  at  this  change  of  coUBtitution. — Un  the  iiuestiuu  ol  '  Vegi 
riaaiara,'  the  Author  may  rufer  l-i  his  articles  on  that  subject  in  the  "  Brit,  and  For.  M< 
ULir.  Bev.,"  vol.  vi.  pp.  T<j  aud  398. 
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however,  is  sometimes  done  erroneoiisly ;  thus  8  oz.  of  fresh  vegeta 
which  contain  onlv  Ij  oz.  of  solid  nutriment,  are  exohangeii  for  12  O 
flour,  which  is  almost  all   nutritious.      Sugar  and  Cocoa  are  also  alio" 
partly  in  oichango  for  a  portion  of  the  Spirits  formerly  served  mi 
further  diminution  of  which  has  recently  been  effected,  with  great  ben 
— A  considerable  rediidion  in  this  amount  is  of  course  admissible,  wl 
little  bodily  exertion  is  reiniii-ed,  and  where  there  ia  leas  exposure  to 
tempera turea.      In  the  case  of  Prisouei-s,  the  diet  should  of  course  h 
spare  as  possible,  consistently  with  health ;  but  it  should  Iw  caref 
modified,  in  individual  coses,  acc/irdLng  to  several  coUatei'al  cireunistan 
such  as  depression  of  nilml,  compulsory  lahi>ur,  previous  intempei 
habits,  and  esjiecially  the  leupth  of  onfinement.     It  has  been  suppo 
by  some,  that  pi-i.^oDers  require  a  ftiller  diet  than  [XirHons  at  large;  1 
is  probably  erroneous;  but  more  variety  is  certainly  desirable,  to  CO 
teract,  as  far  ns  possible,  the  depressing  influence  of  their  condition  u] 
the  digestive  powers.      The  evil  effect  of  an   undue  reduction  in  ' 
supply  of  food,  and  of  insufficient  attention  to  its  quality,  haii  ubI 
tunatily  been  too  frequently  displayed  in  our  prisons :  a  notable  exun, 
of  which  wilt  be  hei-eafter  aUuded-to  (§  73).      A  very  excellent  ecsle 
dietaries  adapted  to  the  diflei-ont  eoiiditious  of  Prison-lite,  has  been  issii 
by  the  Government  on  the  reeomroendation  of  the  Inspector  of  priaa 
— The  effect.^  of  coniinement  have  been  well  shown  in  the  eiperienca 
the  Ediubui'gli  House  of  Rwfiige,  which  wn;*  fii-st  established  in  1839,  t 
the  reception  of  bc^^rs  dui-tng  the  Cholera,  and  which  ha.s  been  continii 
to  the  jiresent  lime.     Tlio  diet  was  at   first  a  quart  of  oatmeal  poniJ 
for  each  pei'son,  morning  and  evening;  and  at  dinner  1   oz.  of  meat, 
broth,  with  7  oz  of  breail;  making  altogether  alwiit  23  oz.  of  solid   fat 
per  day.      During  some  niontliR,  this  diet  seemed   to  answer  very  wd 
the  people  went  out   fatter  than  they  came  in,  owing  to  the  diet  bei( 
better  than  that  to  which  they  had  been  ncoustomcd;  but  aftorwai 
proneness  to  diaejiae  manifested   itself  in  those  who  had  been  reside: 
there  for  a  considerable  time,  and  the  diet  wai  therefoi-e  somewhat 
creased  with  good  effect.     The  quantity  of  animal  food  was  proba' 
hero  too  small ;  and  the  total   weight  might  still  have  been  sufficient, 
it  had  been  diflerently  apportioned. — The  inmates  of  Workhoitses,  es; 
cially  those  who  have  been  nccuatomed  to  poor  food  ihiring  theii"  wh 
lives,  require  much  lees  than  those  more  actively  employed;  and  it  b 
importance  that  the  diet  should  not  be  superior  in  quantity  or  quality,  _ 
that  which  the  labouring  classes  in  the  respective  neigh bourhoo<ls  pt* 
vide  for  themselves.     A  series  of  Diet-.seales  for  Paupers  has  been  issmll 
by  the  Poor-Iviw  Commissioners,  who   state   that   these   have   all 
employed  in  different  pai-ts  of  England,  and  have  been   found  to  wi 
well;   the  average  daily  amount  of  solid  idimetit  in  these  is  only  25 J 
and  of  this,  not  above  18  oz.  would  be  fin/  nutriment.*    In  the  Ediiib: 
workhouse,  of  which  the  inmates  usually  have  good  health,  they  are  ft 
upon  oatmeal -porridge  morning  and  evening,  with  barley-broth  atdinni 
the  total  allowance  of  dry  nutriment  is  about  17  oz. ;  namely  13  nz. 
Tegetable,  and  i  oz.  of  animal.    In  the  Irish  Poor-houses,  notwith standi] 
IJbe  Bufficiency  of  the  diet-scales,  which  are  more  liberal  tlian  that  I 

*  A  copious  collMtioa  of  Dietaries  u  ill  be  t'ond  in  Dr.  Pereira'a  "Tieatiw  un  Vaoi  m 
Diat,"  »ad  in  Dr.  Bobedson's  "Trratisc  on  Diet  and  Bcgimen." 
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and  finnueas  of  tin;  miiack's.  cleam{«s  of  the  skiu,  cajtabilitj  of  Iwa 
continued  severe  exercise,  and  a,  feeling  of  freedom  and  lightnesi 
'  corkineas ')  lu  tlie  limlra.  During  tlie  continuance  of  the  system, 
found  that  the  1»Kly  recuvera  with  wonderful  fauility  from  the  effnc 
injtiriea ;  wounds  Ileal  veiy  rapidly ;  cutaneous  eruptions  usually  di 
pear.  Clearness  and  vigour  of  luiud,  also,  are  stated  to  ba  resul 
plan.* 

62.  It  is  not  enough  for  the  henlthy  support  of  the  hody. 
Food  ingested  should  contain  hu  Adequate  proportion  of  alimentary  i 
stituontfi;  it  is  inri]wi'tant  tlmt  these  should  be  in  a  wholesome  or  ui 
Oompoaing  stale.      Putting  out  oi'  view  all  impregunlions  with  deleter 
subatancca,  wliich  the  artieleei  used    as    foini    nmy  have  ^el.t^ived   £ 
vaiious  Bitemid  sources,  it  cannot  he  questioned  thiit.  they  may  derii 
poisonous  eliaiiictcr  from  ohimges  takjug  |dacp  in  their  own  eompoait 
Tlius  it  is  a  fact  veiy  familiar  to  Gemiaii  Toxicologists,  that  cheese,  bai 
sausages,  and  other  articles,  may  spontaueouBly  undergo  such  deleter! 
alterations,  as  give  rise,  when  they  are  employed  as  f<>od,  to  all 
symptoms  of  irritant  poisoniiig,  which  may  even  |)ass-r>u  to  proiiuce  fi 
eonBequenoes ;  that  such  oeouiTencea  are  very  i-arc  iu  this  ouuntry 
probably  to  be  attributed  to  &  diflei-etice  in  the  mode  of  prepomti 
This  change  does  not  appear  to  consist  in  simple  putrescence:  for  ! 
effects  which  the  cheeae-poiaou,  sausagc-jioiBon,  Ac.,  produce  on  thcanit 
economy,  are  far  more  poteut  than  mei-e  puti-eseenco  could  occasion;  r 
it  is  supposed  by  Licbigto  consist  in  the  genenitionof  a  peculiar  fennq 
which  the  stomach  is  not  able  to  decomjioae.     Similar  changes  in  ordinl 
flesh-meat  seem  to  Im;  sometiuiea  consequent  upon  tlie  previo'ia  existel 
of  a  diseased  condition  in  the  auiuial  which  furnished  it.      Many  instaoi 
of  this  kind  have   liecn  recorded  ;t  aud  the   risk   is  quite  sufficient 
justify  a  strict  pi-ohibitiou  of  the  use  of  any  such  article, — That 
which  is  simply  putrescent  is  to  be  cousidoi'cd  as  injurious  per  at,  w 
habitually  employed,  is  Boarcfly  a  matter  of  reasonable  doubt.     It  ia  ti 
tliat  some  nations  are  in  the  habit  of  keeping  their  meat  until  it  Is  tuint 
having  a  preference  for  it  in  that  condition,  which  seems  to  have  gro 
out  of  the  supposed  necessity  for  thus  employing  it;  a  preference  wh 
haa  its  parallel  among  the  epicures  in  our  own  country,  who  consider 
/laul  iftiiU  essential  to  the  perfection  of  their  venison  or  woodcock.     ( 
of  the  most  remarkable  examples  of  this  kind  among  a  civilized  people^ 
fiimished  by  the  iidiahitauta  of  the  Faroe  islands ;  who,  according  to  Q 
Report  of  Dr.  Panum,  who  has  investigated  their  Sanitary  condition,  Uj 

'  The  mBthml  of  tmining  em|i!o.Ted  hy  JaeksoD  (a.  oelebrnlad  traiBur  of  jiriie-fighlon 
modern  tlniBK),  m  declui'ed  from  hit  itnnwers  ^l  qneetiunH  pnt  to  him  hy  JuUu  Rrll,  mu 
begui  on  a  idear  fitundntion  by  an  omtlic  nnd  tWL>  or  tUreis  purges.  Be«f  and  muUoo, 
lean  ot  (at  mtiit  bting  prefarreti.  uouatitTitoii  tbe  [irincipal  food ;  Teal,  liunb,  nnd  pork 
BWd  to  he  less  dipjatiblM  ("  Uio  Inst  pnrgae  w;ma  men").  Pish  was  suid  tu  be  ft  "w 
kind  ot  diet :"  nnd  ja  umploj'e'!  by  jwkeyii  who  wish  to  redu™  "eight  by  Bwoiting.  S 
bread  itm  the  only  vegel»bk>  Kxk!  alk'weil.  Tbe  quantity  of  fluiil  permillni  wiia  34  ji 
per  Jirm-  but  fennenled  iiquirrs  ware  stricllj  fuibidilen.  Tno  full  meola,  witL  a  li 
snppBr,  were  usoiilly  taken.  The  quantity  of  eiercim)  employed  wan  v«rj  consiiierable, 
lucb  ai  few  men  of  ordinary  Mrengtb  eould  ondure, — Tliia  areount  correspouds  lurj  u 
vich  that  whiob  Hunter  gare  uf  tlie  North  AmoricaD  Indiana,  when  about  to  ut-forth 
long  aiarch. 

+  Sse  "Ann.  d' H  jgiine,"  18211.  ii.,  p.  267;   1834,  ii.,  69;  nlgg  T»jlor  ia  "Gt 
Hospital  ReporW,"  April,  1818.  ^ 
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63.  That  it  is  Water  which  coiistitutoa  the  natural  drink  of  Ma 
that  no  other  liquid  can  supply  its  plac«,  is  apparent  from  tho^ 
cursory  glance  at  its  uses  in  the  Hystem;  and  it  is  only  niwi^sBary  her 
remark,  that  the  purity  of  the  water  habitually  ingested  is  a  poin 
extreme  importance.     A  very  minute  impi-cgnation  with  lead,  for 
ample,  is  quite  sufficient  to  develupe  all  the  i^ymptoms  of  chronic  h 
poisoning,  if  the  use  of  such  water  be  sufficiently  prtilouged.      In  the  i 
of  the  ex-royal  fftmily  of  France,  many  of  whom  suffered  in  this  nwa 
at  Glaremont.*  the  amount  of  lead  was  only  about  one  grain  per  gall 
and  in  a  case  subsequently  published,  in  which  also  t^e  symptomi 
lead- poisoning  were  imequivocallv  developed,  the  amoimt  waa  no  n 
than   l-9th  of  a  grain.f     So,  again,  an  excess  of  the  saline  ingredii 
which  appear  to  be  innocuous  in  email  i|iiantities.  may  jiroduce  a  mar 
disorder  of  the  digestive  organs,  and  (through  them)  of  the  syg- 
generally.!     Moreover,  as  in  the  case  of  food,  the  presence  of  a  v 
smtUl  amount  of  putrescent  matter  is  quite  suHicient  to  produce 
most  pernicious  results,  when  thai  math?r  is  habitually  introduced  i 
the  system^    and  these  results,  on  the  one  hand,  mauii'est  themsel 
in  the  production  of  certain  disorders  which  appear  distinctly  tra,cet 
to  the  ilirect  action  of  the  poison  so  iutroduoed;  whilst,  on  the  otl 
they  become  apparent  in  the  cxtnuu-dinary  augmentation  of  the  liabi 
to  attacks  of  such  ^motic  disea.ieB  as  may  at  the  time  be  prevalent.} 


ipnbliSSI 


following  night,  all  wbo  had  inten  of  tlie  oyatera  (so  br  u  Dr.  Brittan  cmilil  nscert 
were  attacked  with  chclera  and  choli'isic  diarrliiUL.  ami  eleven  uf  llio  rbildnn  died 

n«xt  da;. 

*  See  tbe  accunnt  nf  tJiia  case,  vbioh  prpseota  inauy  fealnres  of  greAl  In' 
**  Dahlin  QuarteHj  Jciurual  of  Medical  Science,*'  vol.  vii,  p.  41fi. 

+  See  Herapalli  iu  "Medical  Qiuolte,"  Sept.  20,  186U.  p.  518, 

t  Of  tliia  a  very  iuatruvljve  nine,  which  occDired  at  Wolrertun,  haa  beim  pnhlii 
Mr-  Corfe  in  the  ^'  Pluuinnc^utical  Journal,"  Jnly,  ISJS-  So  Urge  a  nnmlfer  of  h 
Tiduala  were  tliere  attacked,  after  tlie  uF<e  of  water  from  a  fcrtnin  wdl  for  i*ome  tnoui 
grilb  diiiorderE  bearing  a  strong  general  rc»eRibbinoe  to  eacb  other,  thongh  differing  in  |] 
anbordinat^  festurea,  and  the  inteanity  of  Ihetie  disordio's  bore  snub  a  conslAnt  ratio  to 
amount  of  the  saline  water  imtiituol^y  employed,  that  no  reaHoriable  Joubt  could  d 
with  respect  to  its  canaaiire  ageucj.  Yet  tlie  total  qiiaiilily  of  salino  matter  wu  g 
about  in  praiiisi  per  gallon,  or  but  little  uiore  timu  ouf-siitb  of  that  which  is  eonloJneJ 
the  MarienUu)  vHter,  the  apa  Co  nhivb  it  prewulvtl  Ibe  greatest  roBeoiblance  in  Che  M 
biiuitii^n  of  il«  componeQtB;  and  an  the  s^mpt^^mti  which  were  prevalent  at  Wolvtrtuii  fa 
a  very  close  correspondence  with  tho^  whidi  are  known  to  renidE,  from  the  imprudent ' 
of  the  Maricnbiui  water,  it  appears  that  liere  loo  the  ssme  eifectfl  are  producw!  by  the  la) 
continncJ  employment  of  the  weaker  beverage,  at  by  >  much  smaller  number  of  doH^ 
tlie  stronger  nae.  \ 

§  For  am;ile  eridenee  to  this  effect,  see  Dr.  Pereirs's  "Treatise  on  Faai  and  DiJ 
pp.  8U-01 ;  and  the  *'  Report  of  the  General  Board  of  Health  on  tbti  Epidemic  C^oler^ 
1848  and  1848,"  pp.  50-63,  "Appendix  A,"  p.  14,  and  "Api^endii  B,"  pp.  Ul-95.— 1 
following  vary  instrwctiTB  cage  occurred  a  few  yeare  »Bo,  within  the  Author's  own  kn 
ledge      In  a  certun  terrace,  iu  the  roost  ariatwratic  suburb  of  a  brge  proTindol  ta< 
ooudsting  of  houses  of  a  superior  claea,   and   very  hvourably  situated  as  regard 
ACfeas  of  pnre  otr,  an  epidemic  of  gastric  fever  broke-ont,    mneh  to  tbe  afltoEtishn 
and  dismay  of  the  resident*,   no  snch  niaUdy  bftving  ever  been  known  lo   prevail 
the  nei^lilMurhood.     It  vai  bood  abKrred,  however,  that  the  attacks  of  the  ^veir  i 
limited  (in  the  fint  >iiBtni\ce  at  leant)  to  those  individuals  who  were  accuBtiimeil  to  un 
water  of  a  neighbouring  well ;  those  who  were  supplit<:l  from  iK  deep  spring  at  a  dun 
being  entirely  free.      For  some  little  time  before  tfiis  outbreak,  a  disagreeable  taste  i 
been  observer)  iu  the  well  water;  and  this  wa>i  subiequently  traced  to  the  bunting 
■ewer,  which  had  dteduu|ted  part  of  its  cuntcntH  into  the  well.      This  cause  being  iraoo* 
Ihe  temce  hai  ainoe  exhibited  no  tendency  whatever  to  a  r^carrence  of  the  eSbct. 
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tbey  are   UDiversally  iiiiinitteil   to  possess   n  jKntanrnig   diiirn^tcr,  wl 
udniiniatereil  in  large  doi^s;  death  being  tbe  Biieedy  result,  UirougU 
Biis|>ension  of  nei-vous  powiT,  which  thoir  iiitroiluclion  iuto  the  cirm 
tinn  iu  sitflioie&t  i]iiaiitity  is  certfiiD  to  induco. — Secondly,  wlien  tu 
tiuJly  iised    in    esct'ssii-e   qumitilJeB.   universal   experience    shuws   t 
Alcoholie  liquors  tend  to  jimduce  a  mnrbid   condition   of  the  hod; 
lurgL'.  and  cspeoiiilly  of  thn  nt'rvoua  system;  tins  condition  being Huci 
R  kiiowleil^  of  itw  iiunlim  ■'imraaiii  on  the  body  wouUI  luad  tlie  rliywt 
giat  to   jirBilicate.-— y/HfZ/y,  thi?   fi*etjiieut   ocfuirence   of  mure  chro 
diswises  of  the  same  cluu-act^r,  among  jierson*  luUimced  in  life,  who  In 
habitually  niiuhi  use  of  Alcoholic  liquura  in  '  modi-mti.!'  amount,  afliinl 
strung   jirobubility  that   they   reaidt   ft-om  a  gradual   perversion   of  ( 
nutritivv!   [iriM^/ssea,  uf  which   that  habit  m  thu  cause.      This  perverg: 
manifests  itself  peeuliarly  in  tlio  tendency  to  '  fatty  degeue ration'  of  1 
niu^'cuUr  substiiuet:   of  the  heart,  of  the  walls  of  the   arteiies,  of  i 
glautliilar  subatarieti  of  tlio  kidni'y  and   liver,  and  of  many  other  par 
and   thus  p^vea   rLse  t-o  a  great  variety  of  forma  of  disease.      It  soe 
proViable  that  its  mot/'w  o/i'Tandi  in  tliew?  cases,  is  not  »n  much  Viy  direo 
deteriorating  the  formative  ofjeratiotia,  as  by  obstructing  the  removal 
the  hydrocarl"  inaeoous   i)roducte  of  the  continual  disintegi'ation  of  \ 
tjasues,  in  virtue  of  the  ttronj^er  affinity  which  aleuhul  Iiils  for  osygi 
wherel.'y  it  will  prevent  the  Respii-atory  prix'esa  from  exerting  its  i) 
iiilluenee  iu  the  puiilication  of  the  blood. — Fo^itili!;/.  the  Bpecial  liabili 
of  the  inteni[ienite  to  zymotic  diseases,  seems  an  imiicatiou  tliut  the  ha 
tniat  ingestion  of  Alcoholic  liquors  tcJida  to  prL'Vent  the  due  eliminali 
of  the  azoti/nl  |iroduct«  of  tlie  diM integration  of  the  s^-Htem,  and  thus 
induce  a  '  fermentible'  condition  of  the  blood  (§  23G). — FifllJi/,  extend 
exi«rience  has  shown,  that  notwithstanding  the  temporary  auginenl 
tion   of  power   which   may  residt  fi'om   the  occasiomd   use  of  ferment 
liquors,  the  capicity  for  pri)longed  endurance  of  mental  or  liodily  labol 
and  for  resisting  the   extremes  of  heat  and  cold,  a«  well  aa  other  d 
preswing  agencies,  is  diminished  rather  than  incri-aseil  by  their  liabiti 
cmjiloynient.  —  On   those   j^junds,   the   Author   liax   felt    himself   fill 
justilied  ijt  the  conclusion,  that,  for  Physiological  i-easona  alone,  hahiti) 
abstinence   fi-om   Alcoholic   liijuors  b  the   best   rule   that    can    be    la 
down   tor   the   great  majority  of  healthy   individuals;    the   exce))tion 
caaea  iu  which  any  real  benefit  can  be  derived  from  their  use,  beii 
extremely  few." 

2.   Of  Hunijer  and  TJiirst; — -Starvation. 

6f>.  The  want  of  solid  aliment,  arising  out  of  the  seyeral  aourcea  \ 
demand  formerly  eiiumcrateil  (§§  2(!-38),  is  iiidicateil  by  the  sensation  | 
HunijiT;  and  that  of  liquid,  by  Thirst.  The  former  of  these  seiisaliol 
is  referred  to  the  stomach,  and  the  latter  tu  the  fauces ;  but  altho 
certain  conditions  of  these  i>arts  may  he  the  immediate  cause  uf 
sensations  in  question,  they  are  really  indicative  of  the  requii-ementa 
the  system  at  large.  For  the  intensity  of  the  feeling  lieara  no  conei 
relation  to  the  amount  of  solid  or  liquid  aliment  in  the  stomach ;  w' 

•  •  Sec  hi*  "  PLjaiology  of  Tempetnnce  nnd  TotiJ  AbstiDence ;"  niso  the  impurtalit  TrtI 
Use  an  "  Alcuhalinmiu  Cbrunicaa"  by  Dr.  Qdhi  uf  Stockbnlm,  of  which  »a  ftbctnctii^n 
in  the  "  Brit,  uii)  Fur.  Med.  -Chir.  Ber.,"  lata,  vii.  nnit  ii.  _^^m 
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excited ;  the  oajjiUary  veswila  a.ve  gi-odually  unloaded ;  and  the  uumed 
catiae  of  the  iinjiruaMion  ou  the  iiervoiis  syatom  is  withdrawn.*  By 
oonversion  of  the  aliniBntnry  matter  into  matoriala  lit  for  the  nutrii 
of  the  ayHtcm,  the  remote  demand  also  ia  satisfied;  imd  tbua  it  ia, ) 
the  fionditiou  of  the  atomaeb  just  refeired-to,  is  permdneiitly  relie 
by  the  ingestion  of  tiuliatanoes  that  can  serre  as  food.  But  if 
ingreteil  inattei'  be  not  of  a  kind  capable  of  solution  and  asairoilati 
or  the  digestive  ajiparatua  cannot  effect  itfl  prepai'ation,  the  feeling 
hunger  13  only  tempo i-arily  relieved,  and  noon  returns  in  greater  fc 
than  before. — The  theory  here  given  secma  reconcilable  with  nil  t 
has  been  said  of  the  oouditiona  of  tlie  aemw  of  Hunger;  and  partj 
larly  with  whrit  m  known  of  the  effect  produced  upon  it  by  uervi 
impres-^iiona,  which  Imvc  a  peeuliiir  influence  upon  the  capillary  circt 
tion.  It  also  corresjionds  exactly  with  wliat  we  know  of  Uie  influei 
of  the  nervous  system,  and  of  uental  inipreasions,  upon  other  seoroti< 
(chap.  XV.). 

6ti.  The  sense  of  Hunger,  like  other  senaHtions,  may  not  be  taken  a 
Tiisaiice  of  liy  the  Mind,  if  its  attention  be  strongly  directed  toww 
other  objects;  of  tliis  fact,  oJraost  every  one  engaged  in  active  opei 
dons,  whether  mental  or  l>odUy,  is  occjision ally  con Hcious,  The  noctun 
student,  who  tAkes  a  light  and  early  evening  meal,  and,  after  devote 
hioiaelf  to  his  pursuits  for  aevcral  hours  uninterruptedly,  retires  to  ri 
with  a  wearied  head  and  an  empty  atoiuach,  but  without  the  least  seni 
tion  of  hunger,  is  frequently  prevented  from  aleeping  by  an  indescribal 
feeling  of  restlessness  and  ricjicienfji ;  and  the  introduction  of  a  silij 
quantity  of  food  into  the  sttiniach  will  alttioflt  instantaneously  allay  tl^ 
and  procure  comfortable  ivst.  Many  pei-sona,  again,  who  desire  to  to] 
active  ej^orcise  liefore  breakfast,  are  prevented  from  doing  so  by  the  hu| 
tude  and  even  faintiiesa  which  it  induces, — tlie  bodily  exercise  iucreasil 
the  demand  for  food,  whilst  it  draws-off  the  attention  from  the  sensatif 
of  hunger. t 

0!).  Tlie  conditions  of  the  sense  of  Thirst  appear  to  be  very  analog 

*  Thaa«  vievB  seem  U>  be  coDfirmed  by  tlie  obaerratioiiH  of  M.  Bernard  oa  the  waditj 
of  Ibfl  gOBtric  r<illii-lea  Uiirlug  tlie  fntvrrala  uf  their  fuai-tionnl  autiTity  1^  941. 

"t"  The  Author  may  be  excused  fur  meDtiaDiag  the  folloving  circuiUQtanpe,  which  1 
jenTB  agn  occurred  to  Kimaelf ;  SJid  whidi  ieeiim  to  him  a  good  illuatralion  of  the  prindp 
that  the  muss  of  huiiger  ariginata  in  the  oniidilJoD  id  the  general  syHtem,  and  that 
wivifatfttvin^  through  a  (•uciiliu'  notion  in  the  at^unAoh,  i?  to  he  reg^irded  (v  a  1 
iilienomeuon — ndaptcd,  uuder  ordinary  circumi^lAnc^H^  to  arou»^  the  tuind  to  the  actioj 
necessary  for  the  supply  uf  the  physical  want*,^ — hut  cspaljlc  uf  heing  oterlooked,  if  :' 
atleution  of  the  micid  be  otherwise  directed,      lie  nua  walking  alone  through  a  beautili 
ivantjy,  and  witb  mneb  U)  ^.^ociipy  hJB  min<l ;  and,  having  expected  lo  meet  with  b 
opp^irtnnity  of  i>btnia]Dg  refroshment  on  hin  road,  he  had  t^en  no  food  KJuce  his  br 
faat.      Thin  expectation,  hoirever,  woa  not  fulQlled  ;  but,  aa  he  felt  no  hunger,  he  thou 
Utile  of  the  diaapiMjintnifot.     It  was  evening  before  ho  approached  the  place  of 
deatiuaUon,    after  hsTlng  walked  about  twenty  mih's,  resttug  freqoently  by  tiic   waV 
and  be  (hen  Ixtgon  to  feel  a  iieculiar  Lisutude,  difFerent  from  ontinary  fatig»u,   wliUJ 
rapidly  incrca£cd,  60  that  during  the  lafft  milo  he  could  scarcely  support  himself, 
^■fltimuluff  of  neccEiity,"  however,  kept  him  up  ^  but  ou  arriving  at  bin  tempr>rary  bo 
be  immediately  fainled.      It  it  obvious  that,   in  this  case,   the  ocimjiation  of  the  n 
on  the  objecU  arousd,  and  on  ite  own  tiioughts,  had  prevented  Che  nsual  wariling 
hunger  from  l>eiug  pen^eived  ;  and  the  offe<!t  which  tmoceeded  was  exactly  what  was  to  1 
nntid|iBled,  from  the  eihauation  of  the  Kuppty  nf  food  acnuioiicd  by  the  active  and  pD 
longed  exerti'iu. 
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animal;  and  include  tnucli  buIuiu  nmttor  in  addition  to  the  biliarr.- 
TliB  avciuge  loss  of  weiglit  iu  tlie  warin-blooded  unimala  «is|'eriiiii'iilei 
on  by  M.  Chotisat,  betwec-o  the  comiuL-noemwit  of  thi?  fienod  of  Inniiitic 
ftiid   its  turiuiniition  by  death,   was   40   |>er  <!eut;    but   be  met   with 
considerable   vaiiiition   ia  the  extremes,  which  seemed  to  depend  I'biefl 
on  the  nnioiint  of  fat  previonsly  acciimiilftted  in  the  body;  thogc  nuiiiuL 
losing  ijio^it  weight,  in  which  tbc  tut  bud  been  most  abundant,  wbic 
wtrs  also   those   that   lived   the  longest.*     Taking   40   per   cent  ua  th 
mean,   M.   Chossat   obtained   the   following   curious   rtaults,   as   regard 
thi-  relative  diminution  of  the  several  tissues  and  organs  of  the  body 
those  which  lost  more  than  the  mean,  biiing  diBtinguishcd  from  thoa 
which  lost  feg«. 


Purta  wliidi  loH  iMTt  tivM  10  per  oeot. 

Ful      .      - »3-3 

Blood 7S-0 

Splaeu T1-* 

PinCTSBB 6t'l 

Liter 52-0 

Heart 41  "S 

luleitioea      ........  *2-* 

Muwle)  of  Locnmatian       ....  43'S 


Paris  whitrb  lose  lai  thftn  40  per  cent. 


Muscular  roat  of  stomatli 
PboiTiix  sod  (cwphagus  , 

Skin 

Kicln(T»  ...... 

Hesi>initcirj  upparatUB 
OssenUK  system  .... 


.  3»-l 

.  34-1 

.  as-i 

-  31  S 

.  22-a 

,  lU'J 

.  lO'O 

NeriDUB  sjitem Vi 


The  points  most  worthy  of  note  in  the  above  table,  arc  the  almost  coin- 
plotc  rumoval  of  the  f<il,  and  the  re^luction  of  the  blood  to  three-fimrthfl 
its  normal  amount;  whilst  the  nurvoii^  m/iUm  luidergoes  8carcr>ly  any| 
loss.     It  would  seem,  in  fact,  as  if  the  sujien'eution  of  death  was  eoinciJ 
dent  vrith  the  eonaumiition  of  all  the  diiiposfl,b]e  eomhustive  material  ;l 
and  that  up  to  that  point,  the  whole  remaiiJng  energy  of  nutrition   ia| 
eonctntnittid  u]K>n  the  nervous  system.     Ajid  it  will  lie  shown  hcreat^^i' 
(chap,  .t  Sect.  2),  that  there  m  adequate  ground   for  considering  dentil 
by  slnmation  as  really  death  by  cold :  since  tiio  tt-mpeiTtture  of  the  bod) 
\»  maintained  with  little  diminution  until  the  fill  is  thus  consumed,  and 
then  rapidly  fall.'*,  uideas  it  he  ke|it-up  by  heiit  externally  a])iilied. — I 
might  be  exijccted  from  the  coni|'amtive  rupiility  of  iiittrstitial  chongal 
at  the  cjirlier  ]«^riods  of  life  {chap,  .xvlll.),  it  was  found  by  Cliossat  thati 
the  diurnal  lf>B3  nas  much  the  most  rapid  in  young  animals,  and  that  tho? 
duration  of  their  lives  when  deprived  of  food  was  cunseipiently  far  less] 
than  that  of  adults.    lie  furtlu'r  ascertained  that  the  results  of  iiis'ijicieiit 
aliiuf-utation  were  in  the  end  tlit!  Bame  as  those  of  entb-o  deprivation 
food;  the  total  ruiiourit  of  loss  heinij  almost  exactly  identical,  but  its  ratal 
heing  less,  so  that  a  longer  time  was  required  to  produce  it      He  did  noti 
tind  that  much  influence  was  exerted  en  the  duration  of  life,  by  pvrmit-l 
tiTig  or   withilrawing  the  su])|>ly  of  water;  but  this  statement  does  not  I 
apply  to  Ulan,  in  whom  death  Hupervenes  much  earlier  when  liouid   rwl 
well  as  solid  aliment  is  withheld;  and  the  indifference  in  the  case  of 

•  There  t>  a  well-known  case  nf  a  (at  pig,  which  wis  buried  iu  it*  sty  for  1 50  dnjB, 
ucirler  ihiity  fmt  of  tiie  olialk  of  llovor  cliff;  ikod  which  wa.s  ilug  out  ulire  at  the  Bod  ufl 
th.it  tiniB.  rt<lu«d  in  weight  fnim  U'O  llis.  lo  40  lbs,,  or  no  lew  than  73  per  rent,  f 
("Trans,  of  Liun.  St.,"  yoI.  si.  p.  4111.  The  extrui.rilioiiry  prulongrilion  i-f  life  in' 
this  case  may  he  attributed  to  tlie  reteutiun  uf  the  heiit  of  the  tody  hf  the  nnu.uiuduutiugJ 
power  of  the  ilialh  :  and  to  the  Tetention  of  its  mouftire  bj  tbc  aatniatiDn  uf  the  (Jr  ia| 
it*  iuuuodiftlo  vicinity. 
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Iiesttlpntia]  disejisea  most  (.-ertainly  follow  in  the  wake  of  &  fsmine, 
carry  off  u  far  greater  numbei-  thnn  jievLsh  from  actuitl  starvation. 

73.  Another  claaa  of  phenomena,  however,  results  fi«ni  suclj  a 
cieuay  of  nlimeutatioii  as  is  not  tidequate  to  produce  the  results  jve\ 
Bcribetl ;  provided  this  deficiency  be  prolonged  for  a  consideralilo  Icn^ 
time,  and  especiidJy  if  it  be  conjoiiied  with  other  tinlavourable  conditd 
Of  this,  a  remarkable  ejtample  was  proBentcdat  tbeMilbank  PeuilenI 
in  1833.     The  priaonerB  confined  in  this  establishment,  who  had 
viously  received  an  allowance  of  from  31  to  33  oe.  of  dry  uutrin 
doily,  had  this  allowance  suddenly  reduced  to  31  oz.,  auimal  food  b 
almost  entirely  excluded  from  the  diet  scale.    They  were  at  the  same  t 
subjected  to  a  tow  grade  of  tem])erature,  and  to  consitierablo  exert 
and  were  couliiied  within  the  walls  of  a  prison  situated  in  the  midat  ' 
marsh  which  is  below  the  level  of  the  adjoining  river.     The  prison 
been  pi-cviously  considered  healthy ;  but  in  tlie  course  of  a  few  mon 
the  h^th  of  a  large  proportioD  of  the  inmates  began  to  give  way.     ' 
fixst  symptoms  were  Jo^  of  colour,  and  diminution  of  fleah  and  streng 
subsequently  diarrhiea,  dysentery,  and  scurvy ;  aud  lastly  adynamic  Cm 
or  headache,  vertigo,  oouvulsiona,  maniacal  delirium,  ajx'plcsy,  &c.     1 
smallest  loss  of  blood  pixuliiced  8ynco]>e,  which  was  tiw|uootly  latal:  i 
after  death,  ulceration  of  the  mucous  lining  of  the  alimentary  canal ' 
very  commonly  found.     Out  of  S'iO  prisonerH,  no  fewer  than  437,  or 
per  cent,  were  thus   affected.     The  influence  of  ooncuri-ent  c-onditil 
OBpecially  of  previous  confinement,  was  here  remarkably  shown ;  for  th 
wero  found  to  be  most  liable  to  disease,  who  had  been  in  prison  the  Id 
est     That  the  rediictiott  of  the  allowauce  of  food,  howevor.  was  the  m 
source  of  the  epidemic,  was  proved  by  the  two  following  facts: — i 
prisoners  employed  in  the  kitchen,  who  had  8  oz.  of  bread  additional  | 
day,  were  not  attacked,  except  three  who  had  only  been  there  a  few  da; 
and  after  the  epidemic  had  spread  to  a  great  extent,  it  waa  found  that  ( 
addition  of  8  oz.  to  the  daily  allowance  of  vegctalile  food,  and  j  oz.  to  i 
animal,  greatly  fecilitated  the  operation  of  tlio  remedies  which  were  ul 
for  the  restoration  of  health.* — Another  very  striking  example  of  i 
effect*  of   prolonged    infiuflieiency  of   diet,  has    been  furnished  by  i 
'  Mhiison  Centrale  '  of  Nimcs;  which   ia  a  large  Penitentiary  contain) 
EH  average  of  12(J0  piisoners.      'nio  mortality  in  thiM  prison,  between 
yeare  18'2'J  and  18-17,  varied  from  1  in  7-Sb  to  1  in  23-88,  the  av 
being  1  in  13'7U  ;  whilst  the  average  mortality  among  the  inhabitan' 
the  town  of  Nimes,  of  the  same  age  aiwi  ses,  was  only  1  in  49-9 ;  bo 
the  mortality  among  the  prisoners  was  trom  two  to  six  times  as 
that  among  the  townsjieopto,  the  average  being  nearly  _/(nir  times.    8evi 
cauees  doubtless  concun'ed  to  produce  this  tenlble  result ;  but  w" 
over-crowding  and  deficient  ventilation  were  constant,  deficiency  of  fo 
amount  of  labour  exacted,  and  depression  of  temiierature  were  tmrtoi 
and  the  variations  in  the  amount  of  mortality  followed  these  last  ao  \ 
forrnly,  that  there  could  be  no  doubt  of  their  dejiendence  upon  them.t 
74.  It  is  a  curious  effect  of  insufiicient  nulriment,  as  shown  by 

•SMDr.  Lnthwti  "On  the  Direara!!  in  the  Milbnnk  Penitentui?;"  1824. 

f  See  the  highly  inatmi.'tive  aeccuiit  nf  thin  serieB  of  occaireDceai  b;  H.  Boil) 
RuteiaKu,  ehiet  plipidan  t^  l.ht'  '  Maieon  CentmJis'  in  "Add.  il'Hjrgiiiie  Pnl 
Jui¥„  1840. 
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damp  vault,  m  which  they  had  been  baried  luidem  ruin.     Dr.  Sloot 
given  nil  iiccount*  of  tlie  eoae  of  a  healthy  miin  (et.  65,  who  waa  f< 
alive  aftrr  bttving  Inmn  sljut-up  in  a  coftl-niine  for  twenty-three  d 
during  the  first  ten  of  which  he  was  nble  to  procure  and  swjillow  a,  n 
qnantity  of  foul  water;  he  was  in  a  stato  of  extreTueesJ)aufltion.andi 
three  dny*  nftenrards,  notwithstanding  the  atiornjita  made  to  recover  I 
— It  would  seem  as  if  certain  conditions  of  the  Nervous  syatem,  eapera 
those  iittendeil  with  poculiar  emotioiuU  excitement,  are  fiivourable  to 
prolougatton  of  life  under  such  circurastaiiecs.     Thus,  in  a  case  reoor 
by  Dr.  Wilj.in,  of  a  young  gentleman  whostai'ved  himself  unili-r  the  in 
ence  of  a  rebgious  delusion,  life  was  prolonged  for  6U  days  ;  dnring 
whole  of  which  time,  nothing  else  waa  taken  than  a  Utile  orauge-ju 
In  a  sumewliut  similar  cose  wbicli  occurred  under  the  Author's  notice 
the  person  of  a  young  French  lady,  more  than  15  days  elapsed  betw 
the  time  that  she  ceased  to  eat  rof,'wlftily.  and  the  time  of  her  being  « 
pelled  to  receive  nourishment;  during  tliis  period  she  took  a  good  deal 
exercise,  and  her  sti'cngth  seemed  to  suffer  but  l^ttlt\  nlthaugh  she  §« 
lowed  solid  food  only  once,  aod  then  in  small  r]uantity.     Again,  in  ccrti 
states  of  the  system  commonly  known  as  '  hysterical,'  there  ia  fi-equeit 
r  very  reniftrknble  liisjwsitioii  for  abstinence,  and  power  of  sustaining 
Id  a  case  of  this  kind  which   occurred  under  the  Author's  own  obseil 
tion,  a  young  lady,  who  had  just  before  suffered  severely  from  tlie  Ut 
form  of  Hysteria,  wits  unable  to  take  food  for  three  weeks.     The  atighi 
attempt  to  introduce  a.   morsel   of  solid  matter  into  the  stomach, 
sioned  violent  effortfi  at  vomiting;  and  the  only  tiourislinient  taken  di: 
tlie  period  ui(^ntioni>d,  was  n  cup  of  tea  oiiL'e  or  twice  a  day;  suil  iiu  mi 
daya  not  e^en  this  was  swallowed.     Yet  the  strength  of  the  patient  nitJ 
increased  than  diininislied  during  this  period;  hprmnscles  became  firm 
and  ber  voice  more  powerful. — It  may  lie  well  to  remaj'k  tluit,  under  at 
circumstances,  the  continual  persuasions  of  anxious  friends  are  very  ii^ 
rions  to  the  patient;  whose  return  to  her  usual  Btat«  will  probably  b 
|)Wu  the  earUer,  the  more  comp!ut*ly  she  is  left  to  hersell'. 

3.  MovemeiUti  nf  llie  Alimevlary  CantU. 

11.  The  motions  by  which  Food  is  conveyed  to  the  Month  and  inb 
duced  into  its  cavity,  constituting  the  acts  of  Prvlienniim  and  Int/etlk 
are  ordinarily  conairlei-ed  to  be  voluntary,  at  least  in  the  ndidt ;  and  it 
indubitable  that  the  Will  has  entire  control  over  them.  Ncvcilhel 
they  belong  to  that  class  of  '  sccomlarily  automatic '  movcmeEts,  wh( 
character  has  been  already  noticed  (§  45) ;  and  like  the  movemeuta 
locomotion,  may  be  kept-up  when  the  will  is  in  abeyance,  by  the  ei 
geating  and  giti^Ung  influence  of  sensations,  thus  being  performed  mi< 
the  same  easentiul  coaditioUB  as  the  purely  'consensual'  or  'sensori-niot 
actionat     The  necessity  of  'guiding  sensations'  for  their  perfornianca 

•  "MHlical  Gaaette,"  toI.  xrii.  p.  3SB. 

tTliia,  the  Author  thmki,  will  b«  ooufonuiible  to  the  experJFDOs  of  must  uf  bin  rMda 
vhu  viU  Gufl,  if  tlie>  sualyie  their  u«'ii  couaciouineEa,  tiiat  Ihc;  coulimie  lo  tax  wl 
their  vrhitle  litftiition  IB  ^veD  to  HUme  atifttmrt  train  of  thoxxghl,  or  to  euine  extt^ntnl  'j1>ji 
But  B  mcuu-kable  cano  nil]  be  cited  IitreRlUr  (ciiii'.  Ki.,  Sect.  K),  whioli  rutlj-  couKi 
the  Tiew  here  ndnmL'ed ;  Ihe  niuipmenta,  nut  nioroly  Lif  the  lipa  iind  juBs,  Iml  iiiii«e 
which  find  wiu  conveyed  t<>  tbu  ninuUi,  hnvini^  Wn  carriwl-ou  aiUomnliadly,  wheu  u 
\Bo  ta  HjMmk)  Ihe  Apring  was  touchud  by  tvhich  they  were  aet  ia  fteliou- 
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moat  advautageona  form  to  a  iligentive  menstruum.  The  complete 
togmtioii  of  the  alimentary  matter  is,  therefore,  of  great  consequeni 
and,  if  imperfectly  effocteii,  the  siibsequent  proccHsea  are  liable  to  derangai 
meiit.  Such  (lerBJigemout  we  coiititiually  meet  with ;  for  there  is  nob 
perhaps,  a  more  Irequeut  source  of  DyHjtejwiii  thmi  iiii|)Prfect  moatiattimj 
whether  resulting  from  the  haste  with  which  the  food  is  .swallowed,  oa] 
from  the  want  of  the  inatrunienta  proper  for  the  reducing  opemtioa; 
The  mechanical  diaintegration  of  the  food  ia  manifestly  aided  by  Inaal>j 
vatioo;  but  the  admixture  of  Saliva  nlao  exerts,  as  we  shall  hereafter 
(§  93),  a  very  marked  influence  on  the  chemical  comptwition  of  eertaii 
of  ita  constituents. — The  moTementa  of  Mastication,  still  more  than  thi 
already  adverted-to,  although  under  the  complete  control  of  the  Will,  aoi 
originally  de|>endcnt  u^ion  it  for  their  excitation,  come  at  last  to  be  of 
hahtttuU  a  character,  that  they  coiitinae  when  the  direct  influence  of  thA 
wiU  is  withdrawn,  the  inilucnce  of  the  'guiding  aenaatioii,'  however] 
being  essential  to  their  performance.*  Every  one  is  consciouB  that  the  ad 
of  niastication  may  be  performed  as  well,  when  the  mind  is  attentively 
dwelling  on  some  other  object,  aa  when  directed  to  it ;  but,  in  tlie  fonuen 
case,  we  are  rather  apt  to  go  on  chewing  and  rechewing  what  ia  tdr^adj 
fit  to  be  Bwallowed,  simply  because  the  will  does  not  exert  itself  to  chei^ 
the  action,  and  to  cany  the  food  backwards  within  the  reach  of  the 
muscles  of  deglutition.  This  conveyance  of  food  backwarils  to  the  fanc«a 
is  a  distinctly  voluntary  act :  and  it  is  necessary  that  it  should  be  guidod 
by  the  sensution.  which  there  results  fiwrn  the  contact  it  induces.  If  tfafl 
surface  of  the  pharyns  were  as  destitute  of  sensation,  aa  ia  the  lower  port 
of  the  QzsophagiiB,  we  should  cot  know  when  we  had  done  what  wai 
neccBBBry  to  excite  ita  muscles  to  operation. — ^Tlio  muscles  coiiccnied  in 
the  Mastication  of  food  are  ueaily  all  supplied  by  the  tldrd  branch  of  thq 
Fifth  ]Mur,  a  largo  proportion  of  which  is  well  known  to  have  a  motoi 
character.  Many  of  these  muscles,  c'tjMicially  those  of  the  cheeka,  ar< 
also  supplied  by  the  Facial  nerve  ;  and  yet,  if  the  former  be  paralyz^ 
the  latter  cannot  stimulate  them  to  the  neceaaary  combined  actiona 
Hence  ws  see  that  the  movements  are  of  an  associated  character,  th^ 
due  performance  being  dependent  on  the  part  of  the  nervous  centreflj 
from  which  the  motor  influence  originateg.t     If  the  Fifth  pair,  on  tW 

•  Thus,  in  the  ciirioos  case  fnnoerlj  refeireJ-lo  {p.  IS,  mil*'),  food  am  onlj  be  lulminia 
Ureit  by  caiririiig-tMck  the  Bpuon  cuutaiiuug  it,  UDtil  it  t^aubiu  Ibe  fnuwt  and  thus  aii^itq 
Ita  set  of  deitlutitiuD.  Scusntiun  btiiog  here  ontirclii  deGrieat.  then  ii  outhing  ta  exdte  M 
to  guido  the  movemontfl  of  thfl  mnacteB  uf  the  mouth  luid  tongue.  ] 

+  Coropjuative  Aiialiimy  furaiahaB  the  kej  to  these  phenoinenii,  which  Mem  at  tm 
light  lu  be  fiomH what  ittrange. — Amiing  Invertebnite  aDiiniilH  genpmllj.  the  Respimtai] 
orgAi^  are  cx>uj|r1t]teLy  uuix>iiiiectc4l  with  the  muntb  ;  &ud  &  very  diirtiuft  HJt  of  mOBclea  ^ 
praTJdfld  in  keep  them  ia  aclioc.  Tbme  niuaclei  hiLve  nepiirat^i  ^aogliii  a^  the  ceatnrt 
of  Ibeir  openUouB ;  and  IheRO  gao^fiiv  are  uolj  L-iiiuiecti^l  iudiret'tlj  with  those  of  tlM 
■eoKtri-motflr  Bjitem.  Tkeaatge  istheiaue,  in  re^rd  lu  the  introiliieUoti  uf  the  fivnt  iotl 
Iha  iligastJTe  appimtuii.  The  muscles  Fonnraed  ia  thin  opcrntiun  harp  their  own  contjta 
— the  Stomato-gaatric  aad  PharyngoaJ  gangba, — which  are  not  very  cluaely  cunnecl^q 
either  with  the  cvplnJic,  or  with  the  risifhirat^jry,  or  with  those  of  general  locomotiini 
Kow  in  tlie  VerttbraW,  the  distinct  iirgaii.t  buve  been  bu  far  blendeel  Uigether,  that  th 
UDie  ntiiAclea  ssnc  the  purposex  of  both ;  but  the  difiereat  seta  of  mocciiienta  of  the* 
mnsrT^  ore  escited  hj  different  nerrea  \  and  the  effect  of  division  of  either  nerve,  ia  t| 
throw  the  musule  out  uf  eoniiectioo  witli  the  funotinn  to  which  tliat  uervi;  previouslj 
rendered  it  Kulnervieut, — at  much  la  if  the  muwle  were  separated  fmui  liie  nermv 
■jratein  altogolliar. 
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80.  The  purely  autontatie  nature  of  tJie  »at  of  Deglutition  is  shown  lij 
the  fact,  that  no  attempt  ou  our  own  part  will  succeed  in  perfortuing  it 
really  imliniCitrili/.  In  order  to  excite  it,  we  munt  apply  some  stimuliu 
to  the  faiiccB.  A  very  small  particle  of  Holld  matter,  or  a  littlo  fluid 
(wilivtt,  for  inst-snce),  or  the  contact  of  the  bauk  of  the  tongTie  itself,  will 
be  sufficient ;  but  without  eithoi'  of  these,  ine  cannot  swoJ.lum  at  mU~  Nor 
can  we  restrain  the  tenJiincy,  when  it  is  thus  excited  by  a  stiniuluaj 
every  one  knows  how  iiTeaistiblo  it  is,  when  thp  fauces  ore  touched  in  any 
uuusua!  manner ;  and  it  is  equally  beyond  the  direct  control  of  the  will, 
in  the  ordinaiy  process  of  cjiting, — voluntary  as  wo  cummonly  regard 
this.  Moreover,  this  action  is  performed,  like  that  of  reapiration,  when 
the  power  of  the  will  ia  suspended,  aa  in  profound  sleep,  or  in  a]M)ploxy 
affecting  only  the  brain :  anil  it  does  not  seem  to  he  at  all  affected  by 
the  entire  removal  of  the  brain,  in  an  animal  that  can  sustain  the  rihocic 
of  the  operation  ;  being  readily  excitable,  ou  stimulating  the  fences,  eo 
long  as  the  nei'vons  atmcture  retains  its  functions.  This  has  been  eipe-' 
rimaitally  proved  by  Dr.  M.  Hall;  and  it  harmonizes  with  the  natural 
experiment  sometimes  brought  under  our  notice  in  the  case  of  an  anen- 
oephalous  infant,  in  which  the  power  of  swallowing  seems  as  vigorous  aa| 
in  the  perfect  one.  But,  if  the  '  nervous  circle'  l*  destixjyed,  either  byj 
diviaiou  of  the  trunki^  or  by  injury  of  any  kind  to  the  portion  of  thai 
nervous  centres  connected  with  them,  the  action  can  no  longer  be  per-i 
formed ;  and  thus  we  see  that,  when  the  effects  of  ajwiplexy  are  extending 
themselves  from  the  hi-nin  to  the  spinal  coni,  whilst  the  respiration' 
becomeM  stertorous,  the  power  of  Deglutition  ia  lost,  and  then  rospiratioa.' 
also  speedily  ceases.  1 

81.  Our  knowledge  of  the  nervea  specialty  concomed  in  this  iiction,  is 
principally  due  to  the  very  careful  and  well-conducted  experiments  of. 
Dr.  J.  Reid.* — Tlie  dL^itrihution  of  the  Glosso-pliaiyngeal  evidently  points 
it  out  OS  in  some  way  comiectcd  with  it ;  but  this,  when  carefully  ex- 
amined, discloaes  the  important  fact,  that  the  nerve  scarcely  sends  any  of; 
its  branches  tn  tlio  muscles  which  they  enter,  these  mostly  passing  thi-ough; 
them,  to  ho  distributed  to  the  superjacent  imit-mis  ttir/iice  of  the  tongum 
and  fauces.  Further,  when  the  trunk  is  separated  from  the  nervous  I 
centres,  irritntion  produces  scarcely  any  muscular  movements.  Hence  it 
is  not  in  any  great  degree  an  'efferent'  or  motor  nerve;  aoid  it*  distribu- 
tion would  lead  us  to  suppose  its  chief  fimctions  to  he '  afferent ;'  namely, . 
the  cotLveyance  of  impresaions  from  the  surfiice  of  the  fauces  to  the  Medulla , 
Oblongata.  Thia  infercTice  ia  fully  confirmed  hy  the  fact,  timt,  so  long  aa 
its  trunk  is  in  connection  with  the  centre,  and  the  other  parts  are  unin- 
jured, |iinehing,  or  other  severe  irritation  of  the  Glosso-pharyngeal,  will 
often  excite  distinct  acts  of  deglutition.  Such  irritation,  however,  may 
escil*  only  convulsive  twitcheji,  instead  of  the  regular  niovemcuis  of 
swallowing;  and  it  is  evident  that,  here  aa  elsewhere,  the  impressiona 
maile  ujnm  the  exti-emities  of  the  nerves  are  much  more  powerful  excitors 
of  reflex  movement,  than  are  those  made  upon  the  ti'Unk,  though  the  latter 
are  more  productive  of  pain.  It  was  further  observed  by  Dr.  llcid,  that 
this  elfeut  was  ]iroduced  by  pinching  the  j)haryTigeal  braiichea  only  ;  no 
irritation  of  the  Ungual  diviaion  being  offectmd  to  tlie  purpose-^Il',  then, 

*  "Bdinb.  Med.  uiil  Snri;.  Jdutd.,''  vol.  xlix.  i  and  "  Phjiaolugical,  Aoktomical,  v»l. 
FstbalcfinI  Beeninbe*,"  imap.  it. 
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80.  The  purely  aiUoniaCic  nature  nf  the  net  of  Deglutition  is  showi 
the  fact,  thttt  no  attempt  oo  our  own  piiil,  will  succeed  in  peribnnii 
reollj  milmtttirUy.     In  order  to  esoite  it,  we  mmil  upply  some  Htim 
to  the  fauces.     A  very  small  juirticle  of  solid  matter,  or  u  tittle  ) 
(salivii,  fur  inst-anoe),  or  the  contact  of  the  back  of  the  tongue  itself, 
be  aufliiniint ;  but  without  either  of  these,  I'w  raKivil  steiilJoiu  lU  miU. 
can  we  iistniin  the  tendency,  when  it  is  thns  excit«d  by  a  atinin 
every  ODe  knows  how  irreaistible  it  ia,  when  tbo  fiwces  are  touched  ia 
unusual  uumner ;  and  it  is  equally  beyond  the  direct  control  of  the  1 
in   the  ordinary  process  of  eating, — voluntary  as  we  eomnirmly  rwg 
this.     Moreover,  this  action  ia  performed,  like  tjiat  of  respiration,  w 
the  power  of  tlic  will  is  auapended,  aa  in  profound  sleep,  or  in  apo|il 
affecting  only  tlio  brain ;  and  it  does  not  seem  to  Ih'  at  all  nifected 
the  entii-e  removuJ  of  the  brain,  in  an  animal  that  can  su,«tain  the  shi 
of  the  operation ;  l^eing  reailily  excitable,  on  stimulating  the  tauces, 
long  Its  the  nei'voiis  Bt.ructure  retains  its  functions!.      This  haa  been  ex 
rimentally  prove<I  by  Pr.  M,  Hall ;  and  it  harmonizea  with  the  nalu 
experiment  sometiiiica  brought  under  oin-  notice  in  the  case  of  an  Ml 
cephalou.s  iniknt,  in  which  the  power  of  swallowing  aeeins  as  vijfciroiw 
in  the  perfect,  one.     But,  if  the  '  nervous  cii'cle'  be  destroyed,  either 
division  of  the  trunks,  or  by  injury  of  any  kind  to  tho  |K>rlioii  of  I 
nervous  centres  connected  with  them,  the  action  can  no  longer  bo  p 
formed ;  antl  thus  we  see  that,  when  tho  effects  of  apoplexy  are  extendi 
themselves  fi-om   the   brain   to   the   npiniU   cord,   whilst   the  r^pirali 
becomea  stertorous,  the  power  nf  Deglutition  is  lost,  and  then  respiratt 
also  sjieedily  ceaNes, 

81.  Our  knowledge  of  the  nen'es  specially  concerned  in  this  action, 
princijKilly  due  to  the  very  careful  and  well-conducted  experiments 
Dr.  J.  Reid.*— The  distribution  of  tho  Glosso-pharyugeal  evidently  poin 
it  out  Hs  in  some  way  connected  with  it;  but  tliw,  when  carefully  Q 
amined,  discloses  the  important  fact,  that  the  nerve  scarcely  sends  any 
its  branches  to  the  miiscles  which  they  enter,  these  mostly  passing  thronf 
thom,  to  be  disti-ibuf^d  to  the  siijierjacent  niufoit*  siiTj<ij:e  of  the  Uinff 
and  fauces.  Further,  when  the  trunk  is  separated  fix>m  the  nervot 
centres,  irritation  produces  scarcely  any  muscular  movements.  Henee 
is  not  in  any  tfreat  degree  an  '  efferent'  or  motor  nerve ;  and  its  distrihl 
tion  would  lead  us  to  suppose  its  chief  functions  to  be  '  affei-ent ;'  namet 
the  conveyance  nf  impressions  from  theHuilace  of  the  Ciucea  to  the  MeduU 
Oblongata.  This  inference  ia  fully  confinucd  by  the  liict,  that,  ho  long 
its  tnmk  ia  in  connection  with  the  centre,  aurl  the  other  pirts  are 
jured,  pinching,  or  other  severe  irritation  of  the  Glosso-pharyngeal, 
often  excite  distinct  acts  of  deglutition.  Such  irritation,  however, 
excite  only  coni-ulsive  twitches,  instead  of  the  regidar  movement* 
swallowing;  and  it  is  evident  that,  hero  as  elsewhei-e,  the  impreasioi 
made  u|Kjn  the  extremities  of  tho  nerves  are  much  more  powei-ftil  excita 
of  reflex  movement,  than  are  those  made  upon  the  trunk,  though  the  latti 
are  more  [)roductive  of  pain.  It  was  further  observed  by  Dr.  Reid,  th 
this  effect  waa  produced  by  pinchiug  the  pharyngeal  branches  only ; 
irritation  of  the  lingual  division  being  effectual  to  the  purpose. — If,  thn 

*  "  Eilinb.  Med.  lUiil  Surg.  Jniim.,"  vol.  ilii.;  and  "  PhjHiolufiial,  An&turtucal. 
Pttthologicftl  BeBeiirehHi,"  niAr.  IV. 
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Si.  With  regwd  to  the  di-grce  in    wliicU  tLcse    movements  '•{ 
Stomach,  whose  sliare  iu  the  Dijirestiv^  o^iinition  m  mi  iiupurtaiit,  are 
pendent  tipnu  thi'  Spinal  conl,  and  an;  consequently  of  a  '  reAvx  '  nilt 
it  ia  difficult  to  speak  with  certainty,  owing  tn  the  contradictory  rea 
obtained  by  liifferent  experinicaters.    Thesi!  contrndictiooa,  however,  w 
partly  due  to  a  diversity  in  the  nature  of  the  animals  ex]ieriineut«d 
and  partly  to  a  differenee  in  the  stage  of  the  digestive  proetss  at  wl 
the  obsorvfttions  were  made.      It  seems  to  he   well  established  by 
researches  of  Keid,  VaJontin,  and  others,*  that  distiuot  movements  i 
be  excited  in  the  stomach  of  the  Babbit,  if  distended  with  food,  by  Lni 
iug  the  Pnenmogastric  soon  aft«r  the  death  of  the  aiJmal;  these  mt 
meuts  a])p(iar  to  commence  fitiin  the  cardiac  orifice,  and  then  to  spr 
themselves  in  &  sort  of  peristaltic  manner  along  the  walla  of  the  stoma 
but  no  Buch  movements  can  bo  excited  if  the  stomach  be  empty.     Van 
experiments  upon  living  animab  have  led  to  a  similar  eonclnsiou,  ( 
taken-in  shortly  before  or  aubsequently-to  its  division,  ha\'iug  been  foi 
to  be  only  di^olved  on  the  surtiLcc  of  the  aiasa,  where  it  wnH  in  conl 
with   the   mncous  membrane :    but   these  experiments  have  been  in 
for  the  moat  part  uyxm  Herbivorous  animals,  such  as  horses,  asRea,  t 
nbbits;  whoso  food  is  bulky  and  dilJicult  of  solution,  requiring  to 
constantly  changed  in  its  position,  ao  that  every  part  of  it  miiy  liosuoi 
Bjvely  brought  to  the  exterior.    On  the  other  Land,  Dr.  Kcid  found,  in 
experimenia  upon  Do^,  that,  after  the   first  shock  uf  the  operntioti  1 
goue-off,  solution  of  food  in  the  stomach,  and  abflori:>tion  of  chyle,  mij 
take  place;  and  hence  it  may  be  inferred,  that  no  influence  of  this  na 
upon  the  muscular  psrietes  of  tlio  stomach  is  essential  to  digestion  in  ti 
species.     This  conclusion  liarnioniscawell,  therefore,  with  the  fact  alra 
stated  resjiccting  the  absence  of  such  influenee  in  the  lower  [lai'fa  of 
(esophagus;  and  it  may,  perhajis,  be  cxjiiained  by  the  conflideration,  tl 
the  natural  food  of  the  dog  is  much  less  bulky  and  more  ea«y  of  solute 
than  that  of  the  animals  previously  named ;  so  that  there  is  not  so  ml 
need  of  that  jicculiar  movement,  which  is  in  them  so  important  an  aid 
the  process  of  reduction. — There  ia  yet  much  to  be  learned  on  this  a) 
ject,  however ;  especially  in  regard  t<)  the  degree  in  which  the  moveina 
may  be  checked  or  altered,  hyimpreasions  transmitted  through  thenervi 
Hystem.    It  was  stilted  by  Brachot,+  that,  in  some  of  liia  experiments  uj 
the  Pneumoga'ttric,  Rome  hours  after  section  of  the  nerve  on  both  mi 
the  surfiice  only  of  the  alimentary  mass  was  found  to  have  undergo 
solution,  the  remainder  of  the  moss  remaining  in  the  condition  in  wb 
it  was  at  first  ingested ;  and  if  this  statement  can  l)e  relied-on,  it  woi 
appear  tliat  the  moveinents  of  the  stomach,  like  those  of  the  hcartifCaii 
readily  affected  by  a  strong  nervous  impression.     It  may  he  partly  in  I 
manner,  therefore,  and  not  by  acting   u]ion  the  secretions  alone,  i 
strong  Emotions  retard  or  even  check  the  digestive  priwjess,  ns  they 
well  known  to  do.      On  the  othei'  hand,  the  moderato  excitement 
pleaflumbie  emotions  may  Iw  favourable  to  the  operation;   not  only 
giving  firmness  and  regularity  to  the  action  of  the  heart,  and  thai 

*  Sm  Dr.  Brad'e  "  PhyBiologiail,  Anatomical  and  Pntbolagicol  B«aearch»,"  <:li^' 
Vulentin  ''De  Funrtionibus  Nervoram  Oerebmliiun,"  At.  chuji.  Hi. ;  nJw  Lunget  "AM 
el  rhysi"!.  duSyflWioeNervBU^,"  lorn.  i.  p.  333;  and  Bisohoffin  "Mlllltr's  Areliiv.,"! 

t  "Rech,  Ksptr,  snr  les  Priucl.  dn  Sygt.  Sen.  Ganglion,"  cliap.  iii.  i  3, 
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the  vomiting  which  b  couBec(mjiit  upon  the  straugulation  of  ft  hertua 
the  pussage  <if  a  renal  calculus;  or  in  that  which  ig  eJtcitoil  by  the  in 
tion  of  tftiiJir-eRietic  or  ometiu  into  the  cii-culating  current,  where  tl 
subetanoes  probably  produce  their  characteristic  effect  by  their  operat 
on  the  nervous  centres.     SriL  Iiupresaiona  received  tlirough  the  snuoi 
centre!!,  which  may  be  either  sensational  or  emotional,  but  which  do 
operate  unless  they  ave/eU.      In  this  nioile  SL-erua  to  be  excited  the  voE 
ing  that  is  induced  by  tickling  the  fiiuces,  wliicli  first  gives  rise  to 
sensation  of  nausua ;  as  well  as  ihe  vomiting  cousequeut  upou  tUsguat 
sights,  odours,  or  tnates,  aarl  upon  those  ]niculiiLr  interna]  aeasationa  wh 
are  preliminary  to  ' aeii-aickness.'     The  recollecii'fii  of  these  aensatii 
«»njoined  with  the  emotional   state  which  they  originally  eSfit*Ml,  n 
itself  become  an  efficient  cause  of  the  action,  at  least  in  individuiJs 
peculiarly  uTital'le  atonmchsor  of  highly  seiBitive  nervous  bystema; 
tbb  playa  downwards  upon  the  sensorial  centres,  in  such  a  manner  aa 
excitti  iu  them  the  same  comlition,  as  tliat  which  waa  originaUy  prodoi 
through  tlie  medium  of  the  sensory  nerve,  whon  the  object  was  actus 
present.     (See  chap,  si..  Sect.  3.) 

86.  The  jmssage  of  the  Chyme,  or  product  of  the  gastric  digesti 
through  the  pyloric  orifice,  iato  the  eommencoment  of  the  I lUtJitirud  tu 
is  at  fiifit  slow;  but  when  the  digestive  process  is  nearly  completed,  it 
transmitted  in  much  lai^er  quantities.  The  pyloric  orifice,  like  ) 
otrdiuc,  is  furnished  with  a  spliincter  muscle;  but  howfaritacontractit 
ai'o  dependent  u|>ou  '  ivllex  action,'  has  not  yet  boeu  ascertained.  1 
ingested  matter,  which  undergoes  further  changes  of  a  veiy  imporU 
cbaracter  witliiu  this  portion  of  the  Ciimil,iB  gradually  ]iropelled  onwni 
by  the  peristaltic  contractions  of  its  walls ;  and  these  are  excited  by  t 
contact,  either  of  the  products  of  digestion,  or  of  the  secretions  poured 
by  the  various  glands  that  discharge  their  ])roducts  into  the  iutestijt 
tube.*  In  its  progress  along  the  small  intestines,  the  nutritious  port^ 
of  the  ingested  matter  is  gradually  taken-iip  by  the  blood-veasels  al 
absorbents;  and  the  i-eaiduc,  combined  with  excrementitious  matti 
separated  from  the  blood,  begins  to  as.iunie  the  fiecal  character.  A  ftirtJl 
absoqition  takes  place  during  the  paesage  of  the  ftecal  matter  throi 
the  large  intestuies;  and  thus  by  the  time  it  reaches  the  rectum,  it 
acquired  a  considerable  degree  of  consistency.— The  ordinary  Peri; 
movements  of  the  Intestinal  canal  are  fully  accounted-for,  by  refe' 
them  to  the  contractility  of  the  muscular  portion  of  its  walls,  called 
action  by  dii-ect  stimulation :  and  that  they  are  not  in  any  degree  ile 
dent  upon  nervous  connection  ^vith  the  Cerebro-apinal  centres,  is  cl' 
shown  by  their  cniitinuance  uft*r  the  destruction  of  these.  Some  Ph 
ologists  suppose  that  these  movements  are  attributable  to  '  reflex' actii 
through  a  nervous  circle  fumiahed  by  the  fibres  and  ganglia  of  t 
Sympathetic  systeni.  This  supiwaition,  however,  is  entirely  unnccessai 
since  the  Uaib.-i'ian  doctrine  of  the  iude[»ndent  irritability  of  Muscle,  I 
truth  which  may  now  be  considei-ed  as  firmly  established  (See  Pbinc, 
Gen.  Phy8.),  atfords  an  adequate  explanation  of  them.     And  it  will 

*  The  Bil«  seems  to  have  »d  important  share  in  prodacing  thU  eSect ;  tisusf,  whan 
Jiiclus  nholvdoohuB  is  tied,  couslipatluuslway^oocum.      The  purgative  n^Tliaii  of  Menat'L 
teems  la  depend  in  great  jiart  upon  tbc  incrtosc'  of  the  hsiuitic  nail  other  senretioaa  wh 
it  induo(». 
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I'ilher    for    its    coutnictility,  oy    for  it»  power  of  exei-cjainf;  it,  but  is 
enubled  to  propel  its  contents  by  ita  o^ii  inhurent  powei-s;  atill  we  find   _ 
thiit   here,  as   iu   othei"   instmices,  the   nervous   oentres  exert   a  gL'neral  S 
control  over  even  Iho  Organic  fuiictiona,  doubtless  for  the  purpose  of  ■ 
bannoiiiziug  theui  with  CHch  other,  and  with  the  conditions  of  the  orgiinB 
of  Auimal  life.      (See  chap.  Xiil,  Sect,  i.)  m 

88.  On  exAiniuing  the  outlet  by  whieli  the  fiecoa  arc  voided,  we  find  ■ 
tliat  it  ia  placed,  like  the  entrance,  under  the  yiiiirdiiiuship  of  the  Spinal 
Cord ;  subjeot.  however,  to  Boiue  control  on  the  part  of  the  WOL  lo  the 
lowest  animals,  the  act  of  ilLschavgiug  cxcrementitioua  matter  is  probably 
ikH  iuvolunlaiy  as  are  the  acta  imiueiQately  couL-emed  iu  the  introduction 
of  nutiimcnt. ;  and  it  is  perfornied  as  ofteu  as  there  is  nuytbing  tu  be  got 
rid  of.  In  the  liigher  clasaea,  however,  such  Jisoharges  are  much  leas 
frequent ;  and  rcaoii'oii'B  are  provided,  in  which  the  excrementitious 
iiiatter  mny  nccnmulHt*!  in  the  intervals.  The  assoeiateii  mciveuients 
rwjuired  to  empty  these,  ai-e  complet*ly  involuntary  in  their  character; 
and  arc  excited  by  the  quantity,  or  stinitilating  quality,  of  the  contents 
of  the  reaervoir.  But,  had  volition  no  control  over  them,  great  iuctm- 
venience  would  ensue ;  hence  ai^nsation  is  excited  by  the  Btune  stimulus 
which  profiucea  the  movements,  in  order  that,  by  arousing  the  will,  the 
otherwise  involuntary  motions  may  be  restrained  and  directed. — There 
can  be  little  doubt,  from  llie  experiments  of  Dr.  M.  Hall,  as  well  as  from 
other  cfiuaidciiitionR,  that  the  associated  movements  by  which  the  contents 
of  the  I'ectum  and  bladder  are  disclmrgeil,  correapoud  mueh  with  those  of 
Respiration;  being  in  their  owii  nature  excito-niotur,  but  being  capable 
of  a  certain  degree  of  voluntary  restraint  and  aaaiBtauce.  The  a]ct  of 
Defecation  {as  of  Urination)  chiefly  depends  upon  the  combined  coutnto- 
tion  of  the  alHlomiual  muscles,  similar  to  that  wiiich  ia  concerned  in  the 
expimtory  movement;  but,  the  glottia  being  closed  ao  as  fo  prevent  the 
upward  motion  of  tlie  diaphragm,  their  fllr(^e  acta  only  on  the  contents 
the  abdominal  cavity ;  and  so  long  aa  the  sphincter  of  the  cardia  remiuni 
closed,  it  must  press  downwards  upon  the  walls  of  tlie  rectum  and  bladder, 
— the  contents  of  the  one  or  the  other  of  these  aivities,  or  of  lioth,  being. 
ex[>elleil.  according  to  the  condition  of  their  rcsjwctive  sphincters.  These 
actiona  aii;  doiihtleas  assisted  by  the  contraction  of  the  wnlla  of  the  rtctum 
and  bladder  themsclvee ;  for  we  sometuncs  find  their  agency  sulficient  t« 
expel  tlie  contents  of  the  cavities,  when  there  ia  a  total  paralysis  of  th« 
ordinnry  expulsors,  provided  that  the  sjtliinctere  be  at  the  same  tima 
sufficiently  relaxed.  This  is  more  especially  the  case,  when  their  power 
is  augmented  by  increased  nutrition.  For  example,  in  many  ckbcih  ot 
disease  or  injmy  of  the  Spinal  Coi-d,  the  bladder  owises  to  exjiel  it* 
contents,  through  the  interruption  of  the  circle  of  reflex  action ;  but 
after  a  time,  the  necessity  for  drawing-ofl'  the  urine  by  the  catheter  is 
found  to  exist  no  longer,  the  fluid  beinj;  constantly  exjielled  as  soon  as  it 
has  accnmulaU.'d  in  small  (piantities.  In  such  cases,  (he  mucous  coat  if 
found  after  death  to  lie  thickened  and  inflamed ;  and  the  muscular  coat 
to  be  greatly  inereaJsed  iu  sti-ength,  and  contracted  upon  itself.  It  would 
seem,  then,  that  the  abnormal  irritability  of  the  mucous  membrane,  and 
the  increased  nutrition  of  the  muscular  substance  which  a])peai-s  cou.se- 
quent  uprm  it.  eiiabli'  the  latter  to  expel  tile  urine  without  llie  assiatonoe 
of  tlie  ordinai'y  expulsoi's. 
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plexun  of  capUlary  blood-Fesaela  (Fig.  9),    Their  development  commences 

&oni  a  simple  caual,  sending  off  bud-like 
liroccsflcs,  wliich  opens  &Dm  t\\e  mouth,  and 
lies  aniidgt  a  celluiai'  blastema  ;  and  as 
their  evolution  ndvances,  tlie  large  parent- 
cells  of  this  bliiat«ma  form  commuoicu' 
tions  with  the  gland-caual,  which  is  at 
the  Bonio  time  extending  its  ramifications, 
Hnd  remain  as  the  terminul  follicles  of 
thuic. 

HI.  The  ijiqiiiry  into  the  chemicd 
constitution  and  properties  of  tlie  Saliva 
liad  for  the  miNit  part  hceu  limited, 
until  recently,  to  tlio  fluid  obtajjied  from 
the  mouth,  rather  than  to  that  secreted  by  the  glaudu  ;  but  late 
I'eaoarchee  Imve  shown,  that  the  characters  of  the  fluids  pourud-forth 
respectively  I'runi  the  three  principal  glanfia  are  by  no  means  iden- 
tical; and  that  the  buccal  mucus  has  a  very  important  aliare  in  the 
operations  of  that  mixeil  product,  which  constitutes  the  oiiUnary  Saliva. 
The  specific  gravity  of  this  fiuid  is  usually  (according  to  Lehmann)  from 
1004  to  1006;  but  he  states  that  it  may  rise  to  1008  or  100^,  or  may 
sink  to  1003.  without  any  iadicatiou  of  coejdsting  diaeaae;  according 
to  JacTibowitsch,  however,  its  average  specific  gravity  is  no  lugher  than 
I002'G.  When  examined  microscopically,  the  Saliva  is  found  to  contain 
a  small  number  of  minute  corpuaolea  derived  from  the  Salivary  glands, 
and  large  epithelial  Bcales  throwu-olf  by  the  buccal  mucous  membmue. 
Its  reaction  is  always  alkaline  in  health ;  but  the  degree  of  alkalinity 
varies,  being  greatest  duriug  and  ailec  meals,  and  least  after  prulouged 
(astiiig,  when  the  fluid  Is  almost  neutral. — The  following  are  two  of  the 
most  recent  amdyses  of  this  fluid  that  have  been  made;  the  one  by  the 
eminent  chemist  Froricha,*'  whose  contributions  to  tiie  Physiology  of 
Digestion  are  among  the  moat  valuable  of  the  results  which  have  been 
furnUhed  by  recent  intniiriea  in  this  direction ;  and  the  other  by  Jaou- 
bowitech,t  under  the  direction  of  MM.  Bidder  and  Schmidt. 


J)r.  Fraidf. 
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*  "  9ee  "CfinBlAtt'B  Jahreeberioht,"  1S50,  p.  136  ;  ukd  "WagDer'a  Haadwartorbudi," 
tand  iii..  Art.  'Vcnliionng.' 

-I-  [nAQRurBl  DiRHcrtnlion,  "  De  Siilivl,"  I)Drpiiti,  lE48i  cm  iIm  Bidder  and  Schmidl, 
"  Die  Verduiiuig8i»efte  oad  do-  StoffweiihMl,"  1863. 
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ainount  ul' solid  mattarB,  in  whicL  tlie  (irguuic  uomponents,  however.  1»b 
II  smallei'  propcirtiou  to  tile  salts,  tbau  they  do  lu  the  fluid  of  the  oth 
two  glatiite.      Now   it   hcis  bc-an   ubaerved   hj  Benifti-d,  tlint  tho  flow 
salivii  which  takos  place  (luioag  mnstictition  procttKls  almost  entiri'lj^  fro 
the  pai-otid  and  subUngufll  glanda;  whilst,  during  the  act  of  deglutitio 
wheii  tba  tongue  carries  the  bolus  hack  Into  the  phftrynx,  the  secretk 
of  the  sulimaKiihu'y  is  the  greatest.     Hence  it  seems  reasonable  tw  coi 
chide,  that  the  ])iirpose  of  these  eecretious  is  not  identical ;  that  of  tl 
piirotiJ  and  sublingual  being  to  saturate  thf  food,  when  niixed-up  with  ; 
ill  tlie  :kct  of  musticatioii ;  whilst  that  of  the  submaxilliLry  seenis  ratlit 
destined  to  facilitate  deglutition.'      The  fluids  which  nre  secreted  by  tli 
thi-ee   principal    glands,  moreover,  ajipeai'  (from   the  experiments  to  L 
presently  cited)  to  have  veiy  different  degrees  of  efficacy,  in  iiroducin 
that  chemical  change  in  the  food  wliich  it  ia  the  i)eciiliar  attribute  of  tbi 
secretiijD  to  exert  (§  !)3).^0f  the  quantity  of  Jidiva  wliich  is  secretei 
tlftily,  it  is  impiMBihlc  to  form  an  exact  estimate,  since  it  voi-ies  greati; 
with  the  chanicter  of  the  food  ingested,  and  the  frwjueucy  with  whicl 
thiLt  food  is  taken ;  the  secreting  process  being,  indeed,  almost  suspende( 
when  the  masticator  muscles  and  tongue  arc  completely  at  rest,  imlea 
excited  by  a  nei-vous  stiniulus.t  The  taste,  the  sight,  or  even  the  idea,  o 
savouiy  food,  is  suflicient  to  cause  a  flow  of  saliva,  especially  after  a  lonj 
last :  but  it  is  by  the  masticatory  raovemeJitB  that  this  flow  b  chiefl] 
promoted,  bo  that  the  amount  jioured-fortL  will  in  a  grt»t  degi-ee  depend 
upon  the  duration  of  theneui^veiueuts, — thia,again,  being  governed  Viy  th( 
degree  in  which  the  food  requires  ujechanical  reduction.    It  is  caleiiJated 
by  MM.  Bidder  and  Schmidt,  that  the  average  in  Man  ia  at  about  3| 
pounds  daily ;  and  high  as  this  estimate  seems,  yet  it  is  based  on  datt 
apparently  satiNfaetory. 

!I3.  There  can  be  no  doubt  that  one  moat  important  action 
Baliva  upon  the  fowl,  consists  in  preparing  it  for  the  chemical  optrat: 
to  which  it  is  to  he  afterwards  subjected;  by  promoting  its  mechanic* 
reduction  iii  the  act  of  mastication,  and  by  facilitating  the  suh.sequen 
admixture  of  other  watery  lluida,  through  the  intimacy  with  wliich  it  ii 
incorporated  with  the  alimentary  matter.  But  there  can  lie  no  donb 
that  the  jieculiar  ferment  of  tho  saliva  has  itself  a,  chemicid  actios  upoi 
the  farinaceous  elements  of  food ;  for  it  has  beea  experimentally  prov« 
to  have  the  power  of  converting  starch  or  dextrin  into  grape-sugar.  Thi 

*  This  vleA  of  M.  Bdrnanl's  waa  confirrued  by  tho  follou'lDg  tj:i>erimentji.  He  made 
Oipeiiiiig  into  the  (iMuiiha;,'!!^  of  a  Horn,  fruin  wlikli  he  itren-  tL«  aliioeutary  bulut  as  il 
deHnided ;  and  un  weighing  il,  he  found  tluit  liy  the  iiubibitiou  of  Kaltv»  it  bnJ  iniTTeuej 
tinea  fM.  He  noit  liinl  Wharton'n  duct,  niid  found  that  i\ie  auiiDal  required  41  minulet 
to  moHticiitj;  wlmt  Imli  jfi^eviimely  rBiinired  only  V  miuuU-ti;  i\ud  the  aiRt«,  wiion  vith' 
drawn  fn>m  iho  a»wi>lui^Tia,  wns  i-i>vBred  with  mupua  anil  a  yluliiionn  fluid,  tht  iulerii 
being  dry  and  frinhle,  and  tho  whule  juerenaed  in  weight  only  rhne  aad  u  hid/  limes.- 
Aa  intererting  fact  in  ComporatiTe  Anatomy,  which  fully  oouGmiA  the  roanlta  of  Um 
aboTQ  obwrratjona,  hiu  recently  hoen  brought  to  light  by  Pri<f.  Owen;  for  he  has 
tamed  that  in  the  Ctteflt  Ant-eater  [M ifrTjtr:rbphatjtt  juLafa),  whoae  euormondy  tlo 
tongue  ie  kept  muiHt  hy  a  large  qunjitily  of  a  peculiarly  visi-id  lalira,  for  the  piirpoag 
entnipping  its  proy,  the  Parotid  gland  is  of  uo  unUBunl  she,  whikt  the  Subiiiiuillac}' 
gliud  e:k[tfliidB  not  only  ah>ng  a  great  part  of  the  elongul4ril  Jaws,  but  I>hi7kwarda  io' 
tlie  neck. 

+  or  the  recent  rueaniheB  by  Ludwi;;,  on  (lie  iiiflneiico  of  the  KervnuB  ByaUou  on 
aocretioii  nf  anUva,  an  account  wUI  be  given  iu  cuAf.  XV. 
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operation  of  the  OasCric  Juice,  wliicli  is  secret^  by  the  follicles  in 
walls,  or  by  a  certain  pnrt  of  tliem.  Thia  follicular  apijaratus  ta  i 
(remely  extensive,  and  inakes-up  tlie  oliief  part  of  tliL-  thickness  r»f  ( 
gastric  miicoua  meuibrane.  If  this  be  diyided  by  a  »cctioa  j>erp«udica! 
to  the  aiirfece  (Fig.  10),  it  is  Been  to  be  alnioat  entirely  composed  cA 
multitude  of  [lamllel  tnbuli  closely  applied  t«  each  other,  their  oei 


F:o.  10. 


Fid.  II. 


Tertiml  swlion  nf  Ihn  Jlunmi  Xim- 

*"■■#  qfl^fStoiiiafkiapAT  tLi-  pylorua;— 
i,  nitgiiiUpil  3  tiuiPi-,  b,  mBgD^«d  2I> 
limea. 


C«piUu7  Htwork  of  the  lining  in<<Dibnfia  \ 


ejttromitieH  abutting  against  the  eubmucoua  tissue,  and  their  open  end 
being  directed  towards  the  cavity  of  the  stomacli.  Between  the  tubulj 
blood-Tesaela  paiH-up  iixim  the  submucous  tissue,  and  form  a  vascular  net 
work  on  its  surface,  in  the  interspaces  of  which  the  orifices  of  the  tube 
are  seen  (Fig.  1 1).  Tliese  tubular  gbuids,  however,  have  not  everywben 
the  same  structure.  In  that  which  may  be  considered  as  their  mosi 
characteristic  form,  and  which  presents  itself  over  the  greater  part  of  th( 
area  of  the  membrane,  the  wide  open  orifice  leads  to  a  pit  of  no  great 
depth  (Fig.  13,  a),  lined  by  cylinder-epithelium  resembling  that  of  th< 
surface  with  which  it  is  continuous;  and  from  the  bottom  of  this  jiitj 
two  or  more  passages  (6, 6)  branch-off,  still  lined  by  cylin dor-epithelium, 
which  speedily  subdivide  into  the  proper  glandular  ctcca  (<•.<■}.  Each  d 
these  Cffica,  when  sufficiently  magnified  (Fig.  13).  is  found  to  be  com-- 
posed  of  a  delicate  basement-membrane  (<i),  inilecteti  over  a  series  a 
nearly  globular  cells  (t),  which  occupy  almost  the  whole  cavity  of  the 
tube,  and  which  contain  a  finely-granular  raatter;  the  narrow  passage 
left  vacant  in  the  centre,  however,  is  atiU  surrounded  by  a  layer  ot 
epithelial  cells  (c),  whose  small  size  is  in  striking  contrast  to  the  Iarg9 
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simply  to  fiimisli  mucus  for  the  protectiou  of  the  membrane.    For  in 

Pig,  ia  which  tlio  liniitatiouof  the  two  kinds  of  glands  to  jiarticularreg; 

of  the  Mtomacb  (tlie  fornior  to  the  great  curvat 

liud  tlie  luidfUe  portion,  the  latter  to  the  pyli 

portion,)  is  well  mai-ked,  it  has  bi>eii  found  by 

ei.]jcrimentB  of  Zoll  aud  KciUikor,  tliat  only 

follicles  with  globular  eeUs  funiidh  a  fluid  poai 

ing  an  acid  reJictioii  and  a  solvent  power  for  prot4 

compounds,  tho  socretion  of  the  follicles  lined 

cyliotlcr-cpithelium  being  il««titvite  of  both  th 

properties,  hut  ugi-eeing  with  ordinary  luucns. 

apjieors,  moreover,  that  whilst  the  oylinder-opili 

lium  is   continually  in   course   of  exuviation   | 

renewal  (the  coating  of  mucus  being  appureoi 

furnished  by  the  disintegration  of  ita  cells),  \ 

glandular  epithelium  is  more  fierninneiit ;  the  pd 

liar  contents  of  its  cells  being  probably  dmwij 

by  tbem    from   the   auri-ounding  blood,  and  bed 

discharged  by  transudiition  into  the  centtnl  pass 

of  each    cfeeum,  without  any  freijuent  renewal 

the  cells  tbemselveB.*     According  to  M.  CL  I 

nard.  when  the  stomach  la  empty,  the  cyliudr 

epithelium  which  lines  them  completely  blocks 

their  orilices,  so  that  during  fasting  these  appeal 

slightly-pr-jiuiaent  pajiillie;  but  when  the  seore* 

of  gastric  fluid  commences,  this  epitLelium  is  Ot 

forth  by  the  pressure  from  beneath. +     The  intei 

.y"Z"p;',t.?l';t^<l«  ^y^^^^  '^f  the  stomach,  though  thrown  by  conti 
^nk:  4,1,  i[i  csukl  ippeu-  tiou  when  the  viacns  ix  empty  into  irregular  folds 
rugfe  (Fig.  10,  a),  is  destitute  of  those  villous  p 
longatiiins  which  arc  so  peculiarly  characteristic  of  the  mucous  surGuM 
the  intestines;  near  ihe  pyloric  oriiice,  however,  rudimentary  villi  pj 
tiiemselvea  (b).J 

Flo.  IS. 


Appc»r»o»rfthpliniiiginimhr«neofliie«(oiiiar»,iii»niiijot^led  pr»p»r»iMin;- ».ftM«i 
IheWDTi-i  Bnrfwio  of  Lho  njg« ; — v,l>nmt1i«iieijfK}]OtirlKudoriiidpr1unia,  hIil.!?  thr  orifli.'e*  1 
of  (he  gMlric  folliplM  on^up/  ths  intprapsp,.,  „r  Iho  dwpMt  portinm'ol'  llis  i  imvuloT  ntl  -ork. 


lUd] 


•  The  beat  acooant  of  the  gtniutnxe  of  the  mucpuH  raembnuie  of  ihe  BtomncL, 
flie  gastric  glaiiJB,  is  givnn  by  MeBsm.  Todil  mid  ISowman,  "  Phjsiologioil   Aimtui 
vol.  ii.  pp.  iaOetB«).;.-inJliyProf.  Kolliker,  "MiknwkopiMheAnntomie,"  lianJ  U.  5 

+  "  (lai.itW  Midirailc."  ftan.  1S44. 

J  This  fact  wan  first  brought  into  prominent  notice  ly  Dr.  NeiU,  in  his  MeniBir   ' 
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othei'  Cliemists,  is  the  true  source  of  the  HydrocMoric  acid  which  Diny  Vio 
alwaya  obtainwl  from  the  gafitrie  juice  by  this  metliod ;  aud  it  is  affirmed 
by  them  that  Lactic  acid  is  thereat  agent  in  the  tuihtnt  [inx^esa  to  which 
thnt  fluid  IB  Hubaervieiit,  tlie  preaence  of  free  la<<tic  acid  Id  the  stoniacli 
having  been  determined  by  other  meanH.  But  however  trtie  this  eon- 
cluaiou  may  be  in  regard  to  dogs  and  pigs,  wbicli  are  the  aniniala  that 
have  been  chiefly  cxperiineuted-K^n  for  this  jniqioite,  it  is  questionable 
how  far  it  m  fairly  applicable  to  Man.  In  the  lii-st  place,  the  great 
readiness  with  which  hydrochloric  acid  was  obtained  by  Prof  Dungliaon 
from  the  pure  gastric  fluid  drawn  from  the  stomach  of  Alexis  St.  Martin, 
and  the  fact  thnt  the  smell  of  hydrochloric  acid  might  be  diatiuctly 
recognized  in  the  fresh  juice,*  are  strong  ovideuces  in  favour  of  tbe  belief 
that  (afl  originflUy  niaiutained  by  Dr.  Prout)  free  hyilroclJoric  acid  it 
present  in  this  fluid,  and  that  it  is  the  principal  if  not  the  only  source  of 
its  acidity.  Aud  an  opportunity  having  been  afibrded  tii  Dr.  Benc4 
Jones,  of  obtaining  a  fluid  continually  vomited  in  large  quantities  front 
thf!  stoTiiacli  of  a  jiatiunt  ftffuuted  with  Sarciiui  ventriciJi,  and  this  fluid, 
which  pn.'sented  all  the  ostensible  characters  of  Gastric  juice,  having 
been  placed  in  the  lumrk  of  Prof.  Graham  for  examination,  this  distio- 
guished  Chemist  has  succeeded  iu  sepai'atiug  hydrochloric  acid  from  ii 
by  his  method  of  'liquid  dift'usiou,'  which  is  not  open  to  the  objection 
that  applies  to  distillation ;  and  although  he  has  found  free  lactic  acid  to. 
be  also  present,  its  qua.ntity  is  compai-atively  sniall.t  The  truth  appeaw 
to  be,  that  both  the  hydvocMoric  and  lactic  acids  may  pve  to  the  gastriff 
fluid  the  i)eculiar  solvent  power,  which  (as  will  l>e  presently  sliown)  it 
posseHses  for  albuminous  substances,  and  that  one  may  take  the  place  of 
the  other;  so  that  whilst  in  Alan,  hydrochloric  acid  is  the  chief  source 
of  the  acidity,  lactic  acid  may  be  so  in  the  dog  and  pig.  Acetic, 
butyric,  and  ]ihoa|jhoric  acids  have  also  been  occasionally  met-with  in 
the  gaatric  fluid}  hut  they  can  scarcely  bo  reckoned  among  its  normal 
conatitneuts. 

97.  The  peculiar  organic  '  ferment'  of  the  Gastric  juice,  to  which  th« 
name  of  fepsin  haa  lieon  given,  was  first  obtained  in  an  isolated  stat*  by 
Wasmami ;  who  haa  given  the  following  account  of  the  properties  and 
reactions  of  tlint  which  he  procured  from  the  mucous  membrane  of  th* 
Btomach  of  the  Pig,  which  greatly  resumhlea  that  of  Man.  WLcn  this 
membrane  is  digested  in  a  large  quantity  of  water  at  from  85"  to  95 
many  other  matters  are  removed  fi-om  it  besides  pepsin ;  but  if  this  wat«r 
be  [lourod-off,  and  the  digestion  bo  continued  with  fresh  water  in  the  cold, 
very  little  but  pepsin  is  then  taken-up.  Pejisiu  appcare  to  be  but  spar- 
ingly soluble  in  water ;  when  its  solution  is  evaporat«l  to  dryueas,  there 
romaiuH  a  brown,  greyish,  viscid  mass,  with  the  odour  of  glue,  and  having 
the  apjiearsnce  of  an  extract.  The  solution  of  this  in  water  is  turbid,  and 
still  jiossesaeH  a  [jortiou  of  the  characteristic  power  of  pepsin,  but  greatly 
reduoetL      When  strong  alcohol  is  adiled  to  a  fresh  solution  of  pepsin,  ths 

*  See  Pnif.  Dunglimn's  "11111111111  Phjsiology,"  7lli  edit.,  vol.  i.  pp.  585 — 8, 
+  For  hin  kouwlodge  of  tliia  fiiot,  the  Author  19  indehleJ  to  Pnjf.  Orahnni. — Tlurt 
H^drDcfalorii;  odd  is  the  saQive  of  tbe  ncidit;  of  the  giutric  jaice  liu  also  Iwen  muntuiied 
bj  EndeTlin  ( "  CluiBtjitl'i  JKhrcalicricbt,"  1843,  p.  149),  and  niccutl;  b}  HUbbeDol 
("  DLsqiiMtionwi  de  Sucoo  Omtrico."  diu.  ioBug.,  Dorpal,  ISSO),  hv  Bidder  nad  Sr.hoiidt 
("  DIb  Vcnisuun^iwiefl*  und  6tr  Stoffwi-uliBel"),  snd  by  (Jrueoewalilt  find  Schmwler  m 
ibflir  TbMiM  juBt  riled. 
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escnpca  tlirough  tln<  pyloric  <>rifice,tliy  noidity  of  tlie  atomacli 
and  as  noon  us  its  cavity  is  emiitietl,  tho  spcretion  af  its  walls  is  n 
again.*  The  quantity  of  fliiiJ  thus  poured-forth  from  the  walla  of  ths 
stomach,  inay  1h^  iLjipri'ximiitively  i?stimtit(Hl  from  the  amount  of  albumi- 
noua  iiiattor  kiiowi)  to  Im>  dissolved  by  it ;  liut  the  result  must  depend 
upon  the  solvent  jHtwcr  wlilch  it  is  nasiiined  to  possess.  And  thtts.  whilst 
Lehiuann  considers  thatjifur  ptyiends  daily  would  suffice,  it  is  asserted  by 
Bidder  and  Schmidt  that  hxim/mtrttmi  lo  Heveiitfeii. paandjt  daily  will  bit 
requiit»(L 

99.  A  very  important  series  of  observations  on  the  conditions  uudec 
which    the  Oastric  jmcu   ia  secreted,  was  made  Home  years  idnce  by 
Dr.  Beaumont,  in   tlie   remarkable   cnse  of  Alexis   St.   Martin,   already 
several  times  referred  tn.+     "  The  inuer   coat  of  the  stomach  (ss   3e«ai 
through  the  fistulous  orificL')  in  its  natural  and  healthy  state,  ia  of  a  ligU 
or  pale  pink  colour,  varying  in  its  hues,  accoriliug  to  its  full  or  emp 
State.     It  is  of  a  soft  or  velvet-like  apjiearaiice,  and  is  conatonlly  coverefl 
with  a  very  thin,  transparent,  viscid  mucus,  lining  the  whole  iulerior  ofl 
tho  organ.      By  ajiplying  aliment  or  other  irritants,  to  the  internal  coat 
of  the  stomach,  luid  ol)seryiiig  the  effect   through  a  nmgiiifying   glassy 
inniunerablc  lucid  points,  and  very  fine  [nervous  or  vascular]  papillae  caa 
bo  seen  arising  from  the  villous  membrane,  and  protruding  through  tlia 
mucous  coat,  from  which  distils  a  pure,  ]impi<l,  colourless,  slightly  viscid 
fluid."     (The  papilla;   here  described  appear   ta  be   the  orifiiiea  of  tht 
gastric  folliclps,  which  are  usually  closeil  by  their  epitheliid  cells  diiriii| 
fasting,  anJ  which  would  seem  to  become  prominent  when  the  vis  a  tergi 
of  the  aeorete<l  fluid  tirst  causes  thb  plug  of  cells  to  he  cast  forth.)     "  The 
fluid  thus  excited  is  invariably  distinctly  acid.       The  mucus  of  thn 
stomach  is  less  fluid,  more  viscid  or  alliuminous,  semi-opaijue,  sometimei 
a  little  saltish,  and  does  not  possess  the  slightest  character  of  acidity.    Tirt 
gastric  fluid  never  a[ip?ars  to  he  accumulated  in  the  cavity  of  the  ato; 
while  fnating ;  and  ia  seldom,  if  ever,  discharg«t  from  its  jjropor  Bocenii 
vessels,  except  wlien  ('xcited  by  the  natural  atimulus  of  aliment,  mi 
nicsJ  irritation  of  tuhos,  or  other  excitants.     Wlien  aliment  ia  received,! 
the  juice  is  given  out  in  exact  proportion  to  its  reijiiiremeuta  for  solutioi 
except  when  more  food  has  Iteen  tjiken  than  is  ncceaaaiy  for  the  wiuits 
the  system."- — The  observations  of  Dr.  Beaumont  have  been  confirmed 
those  of  M.  Blondlot}  and  of  M.  CL  Bemard.J  which  were  made  n| 
DogH  in  wboae  stomachs  fistulous  oponinga  were  maintained  for  a  len 
of  time.     They  found  that  tho  flow  of  gastric  fluid  is  more  excited  b' 
pepper,  salt,  and  soluble  stimulants,  than  it  is  by  mechanical  irritation 
and  that  if  mechanical  irritation  be  carried  beyond  certain  limits,  so  as 
produce  i>aiu,  the  ?iecretion,  instead  of  being  more  abundant,  •liumiish, 
or  ceases  entirely;  whilst  a  ropy  mucus  is  pourodn^ut  inat««l,  and  thi 
movements  of  the  stomach  are  considerably  increased.     The  animal  at  th^ 
same  time  upjiears  ill  at  ease,  is  agitated,  has  nausea,  and,  if  the  ii'rttatif^ 
be  continued,  aetunJ  vomiting;  and  bile  has  be«n  observed  to  flow  iai 


•  See  Dr.  BtDw  Joiiea.  in  ■'Meilirsl  Tim.^a,"  iaat  14,  18B2. 

+  Sea  Dr.  Buanmont'e    "  EiqieriiiiuutE  hjiJ  OlwerratiiuB  dd  the  Qatitric  Joioe  aitcl 
Phjainln^  iif  Diseidiiiii,"  rs|iriiite-l  witli  DriteH  bjr  Dr.  Amlrew  Combe,  Kdinb.,  1694. 
X  "Traiti:  Analyliqne  4e  1ft  DiBi*lii^ii." 
S  "  Afobiv.  irAiittl.  fiia.  el  dp  Phjidol.,"  J»n,  1818, 
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sometimes  rtnl  lujd  <lry,  nt  other  tiinua  pnJi?  luiil  moiat,  mul  loses  its  smootlt 
und  liealtLj  a(i|ieiinuice ;  the  sacretions  1m;(5oiiib  vitiated,  gi-eatly  dimi- 
niahcd,  or  eveu  suppressed ;  the  cont  of  muciia  scarcely  perceptible,  th» 
follicles  flat  and  linccid,  with  secretions  iiisu£ciout  to  prevent  the  papilln 
from  irritation.  There  are  sometiiuea  found,  on  tlie  internal  coat  of  tha 
stomach,  eruptioud  of  deep-red  pimples,  aot  numerous,  liut  distributed 
here  and  there  ujjon  the  villous  membrane,  rbing  above  the  suiface  of  ths 
mucous  coat.  These  are  at  first  shiirp-pointcii,  and  red,  but  fiwjuently 
become  filled  with  white  purulent  matter.  At  other  times,  irregular, 
circumscribed  red  patches,  varying  in  size  aiid  extent  trom  half  an  inch 
to  iin  ineh  and  a  liatl'  ui  circumference,  are  found  on  the  internal  coat. 
These  upjiear  to  be  the  effects  of  congestion  in  the  ininuto  bloiKl-cesSBia 
of  the  stonuwh.  Tliere  are  nlao  seen  at  tiinea  simall  aphthous  crusts,  in 
eomiection  with  these  red  patehes.  Abmsion  of  the  lining  membrane, 
like  the  roUing-up  of  the  mucoiL-5  coat  into  small  shitids  or  utriugs,  leaving 
the  piplllic  hare  for  an  iiidefiniti^  iipuce,  is  not  an  imcommoii  apjieatanoe. 
Tliese  flisfased  appearaueea,  when  very  slight,  do  not  always  affect  essen^ 
tially  the  gastric  apparatus.  When  considerable,  and  itarticidni-ly  when 
there  are  eoi^resiwiidiag  syniptonis  of  disease, — as  dryness  of  the  month, 
thirst,  accelerated  pulse,  ic. — -no  ijagtric  /idee  am  fie  e^'tructcd  hi/  lAs 
tUiiHffiUari/  stiinailiu.  Drinks  ai-e  immediately  absorbed  or  othwwiss 
disjKJsed-of ;  but  food  taken  in  this  condition  of  the  stomach  remaina 
undigested  for  twenty-four  or  forty-eigUt  hours,  or  mora,  increasing 
the  deiTuigeniGDt  of  the  alimentary  canal,  and  aggravating  the  general 
aymptoma  of  disease.  After  excessive  eating  or  ilrinking,  chymitication 
is  retarded;  and,  though  the  appotito  be  not  always  iiujMiired  at  first,  the 
lluids  become  acrid  and  sliaq),  e):coriiitiug  the  edges  of  the  aperture,  and 
almost  iii variably  producing  apjithous  patches  and  the  other  indications  of 
a  diseased  state  of  the  internal  membrane.  Vitiated  bile  is  also  found. 
in  the  stomacli  under  these  circumstances,  and  Bocculi  of  mucus  are  mors 
abundant  than  in  health.  Whenever  this  morbid  condition  of  th» 
atoniacli  occui's,  with  the  usual  iu:companying  symptoms  of  ilisease,  thero 
is  generally  a  coiTesponding  ap^iearance  of  the  tongue,  Wlien  a  heallliy 
state  of  the  stonintih  is  I'estored,  the  tongue  invariably  beconiea  clean,"* 

101,   Tliat  the  secretion  of  Gastric  Juice  is  affected  in  a  very  marked 
manner  by  conditions  of  the  Nervous  system,  is  indicated  by  the  efl'ect  lA 

'  Dr.  k,  Canute's  cammonlar;  on  thu  nbuTe  passuge  ii  too  appocite  to  be  omil 
"Many  pt'nunA  who  ohiioiuilj  livu  too  fn^ly,  prutuet  agHiimt  thu  (act,  bcusose  lliej  fi 
Do  LmmediaUr  EiiooDTenionce,  eitfat^r  from  thf?  '|iinntitj  of  food,  or  lire  Rtimniiuita  in  vbii 
they  hnliitQallj  indnlge  ;  "r,  in  olher  wunls,  licokUBe  Ibej  e»peri«uce  no  ibud,  sicknew, 
hculiu'liu, — Dothiu^,  jwrliaiia.  «\<'C[>1  Hlight  fiilncas  and  oppreBBioJi,  wliich  «uuu  go  oft, 
ObnciTution  eiMnde'l  ovtr  a  nuffirient  length  of  time,  howc>i;r,  b1io«ti  that  the  conoloium 
dnwa  is  entirely  tillncJouA,  nnJ  that  the  real  amount  n^  ii^jury  ii  not  felt  at  the  motuent^ 
merely  because,  for  a  viw  pTirpLPse,  nature  Iiua  deprivml  oh  of  any  coniwiourmAia  cf  either 
Uie  esintenw  or  the  rAA\e  of  tliB  ilomacb  iluridK  health.  In  acvunlanrte  with  iSia,  Dr. 
Btiuumout's  eEperirocntA  pruve,  that  tKl^naive  erythunialjc  inflaTumiLtiirn  of  ibe  niu'uBB 
coat  of  the  atumru^lj  *nfl  of  frflqoent  occurrence  in  St.  Martin  after  e^renHen  in  ^l.ing,  nuit 
eaperially  in  drinking,  e<en  when  nn  marked  genorni  s}'ni|Jl"m  vas.  pretieut  to  indicate  iM 
Bxinlcnte.  Oooaainnnlly,  febrile  heat,  nntiwa,  headache,  and  thirst  were  compUine.!  o^ 
bnt  not  lUwityB.  Hm)  9l,  Uartin't  ilKouieh,  and  iti  inflnrned  pal^'hen,  not  been  viaililc  la 
Uie  eje,  he  t^wt  nii^Lt  hdvv  pleaded  that  hia  tenijiorary  excvHM?^  did  him  no  harm  ;  buti 
when  tliey  prem'iileil  thuoiBelves  in  aaeh  legible  fhatiw.-ter«  tliat  Dr.  Beuuiaiiiit  eould  n<A 
oiiiv)  weinj;  thtm.  argument  a.nd  !iiip|iiiiatiun  were  nt  an  enil,  nod  the  liroad  faul  eouhl  not 
lie  denied." 
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iuteatinal  canal,  Jiid  the  existence  of  chyle  in  the  lacteals.  It  may  servo' 
to  itccouiit  ill  Konie  Uogree  for  the  contrary  results  ubtaim-d  by  other 
experiiiientorB,  to  statu  tliat  ueven  out  of  Dr.  EL's  seventeen  experinienta 
were  performed,  l>efore  he  obtained  any  evidence  of  digestion  lifter  thft 
(meration,  and  that  the  four  which  fiimiahed  this  followed  one  another 
almost  in  aucccBsion ;  so  that  it  is  easy  to  undenjtand  why  tliosc,  who  wero 
satialied  with  a  small  nuiulier  of  experiments,  should  have  been  led  to 
deny  it  altogether. — Another  series  of  ex]>erimeiit9  was  peribnned  by  Dr. 
Reid,  for  the  piirjiose  of  testing  the  validity  of  the  I'esulta  obtained  hy 
Sir  B.  Brodie,  relative  to  the  effects  of  section  of  the  Par  Vagum  upon  tho 
secretions  of  tho  stomach,  after  the  introduction  of  aracnious  acid  into  the 
ayatoin.  Aceoivling  to  that  eminent  Surgeon  and  Physiologist,*  when  the 
poison  was  introduced  after  the  Pneiunogastric  had  been  divided  on  each 
side,  the  qimotity  of  the  protective  mucoua  and  watery  secretions  waa  nmeh 
lisu  than  usual,  although  obvious  marks  of  Intlaniuiation  were  present. 
In  order  to  avoid  error  as  nmch  as  jiossible,  Dr.  Iteld  made  live  sets  of  ■ 
experiinents,  employing  two  dugs  in  each,  as  nearly  as  jiossihle  iif  equal  ■ 
size  and  strength,  inti-oducing  the  same  quantity  of  the  poison  into  the 
system  of  each  in  the  same  manner,  but  cutting  the  Vagi  in  one,  and 
leaving  them  entire  in  the  other.  Thi8flomjwr'iliirwio<ie  of  experiment- 
ing in  obviously  the  only  one  admissible  in  such  on  investigation.  Ita 
result  was  in  every  inatanoB  opposed  to  the  statements  of  Sir  B.  Brodie ; 
the  quantity  of  the  mucous  an<]  wat^'ry  flecretiona  of  the  stomach  l>oiug 
nearly  the  same  in  each  individual  of  tlie  respective  [Bui's  subjected  to 
experiment;  so  that  their  [iroduction  can  no  longer  be  referred  to  the 
influence  of  the  PueunKigtiatric  nerves.  Moreover,  the  apitejinuioea  of 
inflammation  were,  in  four  out  of  the  five  eases,  greatest  in  tlio  animals 
whose  Vagi  were  left  entire ;  and  this  seemed  to  lie  reterable  to  the  longer 
duratiou  of  tlicir  lives  after  the  ai-senic  hild  been  introduced.  The  reaulta 
of  Sir  B,  Brodie's  eKperiments  are  perhajis  to  be  explained  by  the  speedy 
occurrence  of  death  in  the  subjects  of  them,  consequent  (it  may  be)  upon 
the  want  of  sufficiently  free  respiration,  whieh  was  carefully  giiarded- 
^linat  by  Dr.  lleiil.  a 

103.  It  must  lie  held  as  demonstrated  by  those  experiments,  then,  that  " 
all  the  arguments  which  have  been  drawn  from  -the  effects  of  lesion  of 
the  PneiimogHBtrics  u[ion  the  funotioTis  of  the  Stomach,  in  favour  of  the 
doctrine  that  Secretion  ilfjiciiih  npint  Nervous  agency  must  be  set  a^iide. 
That  these  nerves  have  an  im[)i>rtant  influence  on  the  gaatrie  secretion,  is 
evident  from  the  deliciency  in  ita  amotint  soon  after  their  section,  as  well 
as  from  other  facta.  But  this  is  a  very  differi'iit  projioaition  from  that 
just  aJluded-toj  and  the  dill'eivnce  has  been  very  happily  illustrated  by 
Dr.  Beid.  "  The  movements  of  a  horse,"  he  obserA-os,  "arc  inilependent 
of  the  rider  on  his  back, — in  other  words,  the  rider  does  not  fiimiali  tho 
eouditioiiH  necessary  for  the  movements  of  the  horse; — biit  every  one 
knows  how  much  these  movements  may  be  inllueneed  by  the  hand  and 
heel  of  the  rider."  It  may  t.>o  hojied.  then,  that  pliysiolngists  will  eeaw 
to  aildnce  the  oft-dtoii  ex|)criraenta  of  Dr.  Wilson  Philip,  iu  fiivour  of  tho 
hypothesis  (for  aiich  it  nm.st  Ite  tenneii)  that  spiTctioli  is  de]ieiident  upon 
iiurvous  IntlueDce,  and  tliat  tKLs  it  identical  with  galvanism.     Additional 


"  r)>ll»»<|ib>c«J  Tnuiuulu^ui,"  IbU,  [•.  102. 
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whey.  After  stAiidiiig  at  rest  a  few  minutes,  a  liiie  B«.limiint  nf  the  colour 
of  the  meat  subaiiled  to  tlie  bottom  of  the  viaJ. — A  pieft  of  huuf,  esat'tly 
simihir  to  thiit  plated  hi  the  vial,  wiis  iiitroduoed  into  the  stoniauli, 
throiigli  the  ajierture,  ut  the  souie  time.  At  12  o'chwk  it  wna  withdiwwii, 
luiil  found  to  ht!  OS  littlu  affected  by  digestion  aa  that  in  the  viiU;  there 
was  little  or  no  diflereiice  in  their  nppcaratice.  It  waa  retttruud  to  the 
stomach;  iLtid,  ou  the  sti'iiig  being  drawn  out  at  1  o'clock,  v.JL,  the  meat 
waa  found  to  be  all  completely  digested  and  gone.  The  eltect  of  the 
gastric  juice  on  the  piece  of  m<^it  suspended  in  the  stomach,  was  exactly 
similar  to  that  in  the  vial,  only  more  rapid  after  the  first  lutif-hour,  and 
sooiHir  compkited.  Digestion  coinmenowl  on,  ami  was  confined  to,  the  ' 
siiriace  entii*ly  in  both  aituationa.  Agitation  accelerated  the  solution  in  i 
the  vial,  by  removing  thu  coat  that  waa  digested  ou  the  surlhce,  envelop- 
ing the  TL-mainder  of  the  meat  in  llie  gastric  fluid,  and  giving  this  finid 
aoceaa  to  the  uiidigeatt'd  portions."  *  Many  vai-iationa  were  maile  in  other 
exjieriments;  some  of  which  strikingly  displayed  the  effcL'ta  of  thorough  M 
inaaticatioii,  in  aiding  hotli  natural  ami  artificial  digestion.  f 

105.  The  attiimpt  wiis  made  by  Dr.  Beaumont,  to  determine  the  rela- 
tive digcatihihty  of  different  (irticlea  of  diet,  by  observing  the  length  of 
time  requiidte  for  their  solution.t  But,  na  he  hiuiKelf  |ioints-out,  the 
rapidity  of  digestion  varies  so  greatly,  according  to  the  quantity  ciiten,  the 
nstmv  and  amount  of  the  previous  exercise,  the  intflrvuJ  since  the  pre- 
ceding meal,  the  state  of  health,  the  condition  of  the  mind,  and  the  naturfl 
of  the  weather,  that  a  much  more  extended  inquiry  would  be  necessary  ' 
to  arrive  at  rcsulta  to  be  dt'i^nded-on.  Some  imjiortant  inferences  of  & 
general  chai'acter,  however,  may  he  di-awn  from  liia  resea,rche8. — It  seems 
to  be  a  general  rule,  that  the  flesli  of  wild  animals  is  more  easy  of  diges- 
tion, th^  that  of  the  domesticated  races  wliich  ap|>ronch  them  most 
nearly.  This  may,  perhaps,  be  [rirfcly  atti-ibuted  to  the  small  quantity  of 
fatty  matter  that  is  mixed-u|>  with  tlie  flesh  of  the  former,  whilst  tliat  of 
the  latter  is  largely  pervaded  by  it.  For  it  apfieara  from  Dr.  E.'a  cicperi- 
mentvS,  tliat  the  presence  in  tlie  stomach  of  any  .substance  which  is  difficult 
of  digeetion,  interfei'e.'j  with  the  aolutiiui  of  food  that  would  otherwise  be 
soon  reduced.  It  seems  that,  ou  the  whole.  Beef  is  more  speedily  reduced  ' 
than  Mutton,  and  Mutton  sooner  than  either  Veal  or  Pork.  Fowls  are 
faj-  from  possessing  the  digestibility  that  is  ordinarily  imputed  to  them;  ; 
but  Turkey  is,  of  all  kinils  of  flesh  except  Venison,  the  most  soluble. —  | 
Dr.  Beaumont's  exjicrinieuts  further  show,  tliat  tnil/c  is  as  necessary  for  ■ 
healthy  digestion,  as  the  ])re8euoe  of  the  nutrient  principle  itself.  This 
&ct  has  been  long  known  by  experience  to  uncivilL'K'd  nations.  Tlie  _ 
Kuimschatdales,  tor  example,  are  in  the  habit  of  mixing  eailh  or  saw-dust  I 
with  the  train-oil,  on  which  aloue  they  ar«  frequently  i'edu<*d  t<)  live. 
Tlic  Veddaha  or  wild  hunters  of  Ceylon,  on  the  same  principle,  mingle 
the  [lOLnided  fibres  of  soft  and  decayed  wocl  with  the  honey  on  which 
they  feed  when  meat  is  not  to  l>e  h.'id;  and  on  one  of  them  being  askeil 

•  Ejiwrimeul*  2  auJ  8  of  Firil  Series. 

f  It  is  iiiipivnaDt  to  Iwiu-  iu  luinil,  that  tho  digestibility  of  ilifiererit  MilurtaiKWe  boon  no  < 
fvlatiou  to  lliuir  dutriotil  vuJue,  whkli  u  eDtirelydvpendQut  oD  tbeir  chcminl  fompdeitina. 
Of  Miiirse,  liuwuver  untritiuus  >  substauce  niaj  be,  it  in  tuliitilemi  M  no  nrticlc  i-f  iliel  if  i» 
raniiul  l«  difsulvwi;  bul,  on  tlie  "tlirr  linml.  suljBtwires  wliiuli  ftni   ytrj  cciisilv  digeirted  i 
(ttucb  UK  S:irixiiv^*^'if  mnttcn,)  uuty  hiivu  i\  Luw  itutrjtivt  vhJuu,  tbruu^L  t^utuluiug  hut  i 
Tury  jooaII  pni|HjrUua  wf  oiutlujd  ci>afltitut!ut!i. 
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sion,  luid  are  iliffiiBod  in  a  i*tati.'  cif  suspenwon  llirougli  the  pulpy  cKyme. 
The  effect  of  the  gastric  fluid  upon  thu  several  kiiiiis  uf  Albuinmoii: 
matters,  ia  to  ruduoe  them  to  a  state  of  fOiu])letft  solution,  smd  at  the 
aume  time  to  niter  their  chemical  proj^rtiea,  so  that  they  for  the  most 
part  lone  their  distinctive  attributes,  and  ai'e  brought  to  ouo  uiuform 
condition,  that  oi  aUnmuiioac  (a  kind  of  imperfect  albumen),  which  Bcema 
to  )>e  the  state  beat  lulaptcd  for  BuI>Ee(jueiit  assiiiillatiun.  In  this  cou- 
ditioQ,  they  sceiu  to  form  defiiiitc  combiuationa  with  the  Holvent  fluid, 
which  liave  received  the  name  of  jtej/toTics.  That  these  comT^iinutions, 
however,  are  very  different  trom  mere  aolntioua  of  tlie  same  radtt^re  ia 
ftcidulaf*^d  liquids,  has  beeu  shown  by  the  experimenta  of  M.  Bernard ; 
who  found  that,  on  injecting  the  solution  of  albumen  in  very  dilut«; 
liydrocblorio  acid  into  tlic  gcnemi  cii-culatioii,  tlie  liijuid  speedily  passed' 
off  by  the  renal  secretion ;  whilst  after  injecting  the  solution  of  ulbunjeu 
in  gastric  juice,  no  ti-ace  of  this  could  be  detected  in  the  urine.  Hence 
it  Beoms  evident  that  a  cvnrerliiiy  power  Is  exerted  liy  the  |ie]iain,  or 
peculiar  '  ferment'  of  the  gatttric  fluid,  whilst  the  golvcnt  |iower  ia  duo 
to  the  acid;  a  concluBJon  whiuh  agi-eea  well  witli  that  Imsed  on  otlier 
evidence  (§  97).  It  appears  fi'om  the  olHervationa  of  MIL  Blondlot 
and  Bernard,  that  when  liquid  Albumen  is  taken  into  the  Bloinuch,  it  ■ 
does  not  undergo  ci>mplete  coagulation  before  thti  solvent  [irocess  com-  ■ 
menccM,  but  merely  becomes  opalescent;  Casein,  on  the  other  liond,  is 
completely  coagulated,  the  peculiar  animal  jiriuciple  of  the  gastric  fluid 
Laving  more  power  of  pi-etijiitating  it,  than  ia  poaseiwed  by  any  other 
re-ageut.  The  gastric  fluid  hiui  also  a  special  solvent  power  for  Gelatinous 
aubstancea ;  acting  upon  those  which  would  have  otherwise  ri'quircd  long 
boiliog  for  their  disintegration.  Here,  too,  the  marked  difference  in  action 
between  the  gastric  juice  and  a  merely  acidulous  fluid  liaa  been  demon- 
strated by  M.  Bernard ;  who  has  shown  that,  when  a  piece  of  bone  ia 
submitted  to  the  latter,  its  mineral  portion  alone  ia  affected  by  it; 
whereas  when  it  is  subjected  to  the  foruier,  the  gBStric  juice  digesta  tho 
gelatin,  and  leaves  the  phosphateM  and  carbonates  unaltered.  Moreover, 
n  decided  transformation  is  effected  by  the  operation  of  thi'  gastric  fluid; 
for  the  (relfttin  of  tJie  jiejitoiie  lias  lost  its  ])ower  of  gclatinining,  and  ia 
not  precipitated  hy  chlorini'. 

107.  TliiH  action  of  thl^  Crsstric  solvent  u]ion  the  nzotized  constituents 
of  the  food,  is  dependent  njwu  .several  accesMory  conditions.  One  of  tho 
moat  important  of  these  i-i  Unt/ieraCiirr.  A  heat  of  from  P(i°  to  100°  is 
requiiwl  to  keei>up  the  aolvuut  process,  wliieh  is  retai'ded  ncconiing  to 
the  depression  of  the  thermometer  below  this  standai'd ;  so  th:(t  at  tlie 
ordinary  tem]*rature  of  tlie  atmosphere  it  Ls  completely  suspeudeil,  to  be 
reneweil,  however,  with  on  increment  of  heat  On  the  other  hand,  a 
trifling  elevation  of  tempenitiirc  al>ove  100°  occasions  a  decomposition 
in  the  gastric  juice,  which  entirely  destroys  its  solvent  power. — ^Tlic 
next  condition,  which  specially  aU'ects  the  time  re(]uired  for  the  process 
of  solution,  is  niDtiun.  This  does  not  act  meclianimlly,  by  way  of '  tritu- 
ration,' as  was  once  supposed;  for  fooil  is  found  to  be  digested,  when 
enclosed  in  niet'illic  balls  perforated  to  admit  the  acci-as  of  gastric  juice  to 
their  interior.  But  it  answei's  the  puqiose  of  thoroughly  Hubjecting  the 
whole  of  the  alimentary  bolus  to  the  agency  of  thci  gaatric  wilvent,  by 
bringing  each  |>ai-t  succesEJvcly  into  contact  with  the  lining  uiembiimo 
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It  ia  ryniiirkal'le,  howuvtT,  (Imt  id  the  Dog,  the  solid  residue  (acoordi 
to  Scliniiilt)  Mhould  he  neoriy  10  percent,  or  eren  more ;  and  thftt  t 
should  be  ivlmost  entirely  eonipwied  of  organic  matter,  the  inorgaiiicot 
stitueiita  being  in  no  larger  amoiuit  tiian  ia  the  pant-reattc  tiaid  of  1 
ass.     The  difference  in  tLe  natui-e  of  the  aJinientiiry  muleriala  on  irhi 
the  pAQc;reatic  fluids  of  these  two  aiiinialB  ore  destined  to  act,  is  probat 
the   expknatiou   of  this   nuirked   variation   in   their  comjMtsilioa. — T 
albuminous  '  ferment'  is  not  perfectly  coiigiilable  by  heat,  and  when  pi 
cipilated  by  alcohol  it  rediaaolvea  readily  in  water;  it  is  precipitated  I 
sulphuric,  nitric,  and  concentrated  hydrochioric  acid,  and  by  the  metal) 
salts;  ami  when  thrown-down  by  these,  or  hy  heat,  it  is  rcdissolved  1 
aikuiics.     It  is  also  precipitated  by  acetic  acid;  but  it  slowly  redissolvi 
in  an  excess  of  the  reagent,  and  on  the  application  of  heat;  and  &oi 
this   solution    it   ia  precipitated   by  feirucyanide   of  potassiuni.      Wba 
boileil  with  ammonia,  it  assumes  an  inl«Dse  yellow  colonv.   The  rcAdina 
with  which  this  substance  undergoes  change,  is  indicated  by  the  ra.pidi^ 
wilh  which  the  pancreatic  fluid  [mssps  into  decomtKisition ;  for  t-ven  afl4 
a  fuw  hours'  ex]>os«re  to  the  air,  it  giiTS-ofF  a  decidedly  putrid  odoul 
Like  ptyalin,  though  in  a  leas  degree,  this  peculiar  constituent  of  tit 
"paucreatie  fluid  possesses  the  power  of  converting  starch  into  sugar ;  then 
can  be  no  doubt,  therefore,  that  it  ia  subservient  to  the  continued  diguf 
tion  of  the  fcrinaooous  part  of  the  food,  during  its  [lassage  through  til 
Binull  inteetiucs.     It  sliarcs  this  office,  however,  with  the  '  snccua  euU 
ricus,'  which  has  been  shown  by  Frericlia  and   Hiibbcnet  to  lie  ftU 
p<jMeased  of  this  eonvertiug  power. 

109.  It  Iios  ritcently  Keen  affirmed  by  M.  CI.  Bemani,  anJ  stron 
evidence  has  been  aiidiiced  by  1dm  in  support  of  his  statement,  that  th 
BBteiitial  ]iiuTJOse  of  the  Pancreatic  fluid  is  to  promote  the  absoqition  a 
fatty  mattei-s,  by  reducing  theui  to  the  state  of  an  emuUian,  which  t 
capable  of  finding  it8  way  into  the  lacteols."  That  this  fluid  poswsM 
the  emulaifyiug  power  iu  a  peculiar  degree,  may  be  considered  as  iiavin 
been  fully  demonstrated  by  his  experiments;  for  on  mi-ting  it  with  oil 
butter,  or  any  variety  of  fat,  at  a  tenipcratiire  sufficiently  high 
render  the  fatty  substance  liquid,  and  then  stiiring  the  mixture  for 
few  minutes,  an  emulsion  is  produced  bearing  a  strong  resemblance 
chyle.  This  emulsion  does  not  cease  to  present  its  peculiar 
Itttfaough  left  standing  for  some  time ;  whereas  although  bile,  ^i 
gaatrie  juice,  blood-seruin,  aud  other  animal  fluids,  have  a  oerttuo  einulai 
fying  power,  yet  after  a  short  time  the  oil-particles  run  together  agsii^i 
^inost  as  if  they  had  been  mRrety  Hhakeii-up  with  water.  Furth 
it  is  asserted  by   Bernai-d,  that  in  the  Rabbit  (in  wliich  the  pancreati 


•  "Arphir,  0*nSr,  de  Mid.,"  torn.  rijt. — It  has  beeo  assumed  bj  Prerichs,  hero,  ; 
other  nljjeffliira  to  M.  Uernsivl'B  viewB,  that  he  luMiitaiDs  thnt  tba  |iiuii;nsatic  fluiil  mi/wn 
ths  neutral  fstlj  mnttere  laten-iu  as  fiml,  oonvertiug  lliem  into  falty  aaAs  and  glje 
whilHt  )'Ul  vithiii  lliv  iiit«.qtJDal  oiiinl.  Il  is  du  Jnubt  Inia  ihat  M.  BerDar<l  cuDsidm  I 
BoiQti  BiLch  tmn^iprxujitii>n  take&  pbict^  in  the  body,  liefuro  the  futty  mutter  ift  ultimAt^lj 
dispiiBed  of;  but  hi:  cunstantly  Hjienkfl  of  the  tmuhifijiiig  power  us  tho  peculiar  ntlribut«l 
of  the  pancTeatie  duid,  and  ddI;  laeertn  tbnt  HugioDiliGntion  lakes  place  in  artitii'Ul  dijH- 
tioo.  wh«a  the  fluid  is  left  for  Bnme  tiri)«  in  Cuulact  with  fatty  auhalABcea  ;  »j  that  the 
Autlior  ia  iudined  t^t  regard  the  ohjectEouH  above  alludtfL-t<k,  as  havini^  arinen  from  a  VM- 
apprehenaioD  of  M.  Itomnrd'R  meauiiLg.  (See  al^  Dr.  Donaldaoa's  uucoaut  of  M,  Beni&nl*i 
diteoverioa,  in  the  "  Amer.  Joiira,  of  Meil.  8oi.,"  Oet,  1851.  J 
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are  vitiated  by  tlie  fiict.  tlutt  the  jmucrentic  duct  in  mostcoaest 
itself  into  the  intcatiiiiil   Uihe  at  thi?  saint;  point  with  the  lie 
has  thus  lieen  frequently  invulved  in  operations  jierformed  upon  it — 
the  moat  importiint  constituents  of  Bile,  and  tlie  agency  of  the  Liver 
an  assiitiilflting  and  depurating  organ,  will  be  more  appi-ojtriutely  ot 
sidereil  elsewhere  (cflAi^.  IV.  aud  ix.),we8hall  here  limit  ouraeiv^  to  t 
oonsiderntion  of  what  may  be  regarded  b«  the  beet-establisbed  fiivta 
regard  to  the  uaea  of  the   biliary  secretion    in    the    digestive    prooe 
1 1 1   When  ita  action  is  tested  ont  of  the  body,  hy  mingling  it  ni 
the  dilierent  constitiients  of  food,  it  is  found  to  exert  no  change  up 
starchy  substances  whilst  fresh;  though,  when  in  a  state  of  incipient  d 
compositioii,  it  acts  upon  them  its  other  imimai  aubsUuices  do.     It  Ijui 
action  upon  cane-sugar,  until  it  has  stood  a  considerable  Icn^^th  of  tim 
but  then  it  converts  it  into  lactic  aoid.     Thw  chimge  it  speedily  cXMi 
as  do  nearly  all   other  animal  substance^  upon  grape-sugar.      It  has  t 
action  on  albuminous  substances,  eren  when  aciduiat-ed.     And  althimji 
it  will  form  an  emulsion  with  oleaginous  matter,  yet  the  emuL-iilicjition 
lesa  compiett'  than  that  which  is  oflectcd  by  the  poncivatie  Huid  alone. 
Hence  it  appears  to  be  dolicient  in  anything  at  all  similar  to  the  peculia 
ferments  ofthe  saliva,  gastric  juice,  and  paticreatic  seci-etion ;  and  it«  offio 
in  dipeetion  must  be  of  a  difleront  charni'ter  from  that  of  either  of  tlioa 
fluids.    The  nature  of  tliis  otfice  may  be|»irtly  jiidged-of,  from  whiit  tdkn 
place  when  fresh  bile  is  mingled  with  tlie  product  of  gastric  (ligBStiim 
The  acid  reaction  of  the  latter  is  neutralized  by  the  alkali  of  the  fonnM 
and  a  sort  of  precipitiitioti  takes  place  (as  was  originally  uoliceil  liy  Dti 
Beaumont),  iu  u'hidi  certain  uonstituenta  ol'  th?  biie  t'ltl]  down,  wd  tl 
which  also  (accoMliiig  to  M.  Bernard)  the  allniminoiis  matters  that  bav( 
been  dissolved,  though  not  yet  absorbed,  are  for  a  time  rendered  inaolubli 
leaving  the  saccharine  matters  iu  solution,  and  the  oleaginous  floating  ( 
the  top.     The  admixture  of  the  bile  with  the  chyme  seems  fnrthtr 
have  the  effect  of  checking  destructive  chemical  changes  in  its  comjiositioi] 
For  M.  Bernard  found  thiit  when   two  similar  pieces  of  meat  had 
immersed  for  three  months,  one  in  a  bottle  of  gastric  juice  alone,  .ind  thi 
other  iu  a  mixture  of  gastric  jnicc  and  bile,  a  strong  ammoniacnl   odoui 
resulting  from  decomposition  was  emitted  from  the  foimer,  whilHi,  thf 
latl^'r  was  pure  and  free  from  any  smell  whatever.     And  it  waa  remark* 
by  MM.  Tiederaaim  and  Gmeliii  (and  also  recently  by  Holiinann),  thai 
when  the  bile  wa.-*  prevented  fi-om  passing  into  the  alimentary  canai.  tli 
contents  of  the  latter  wei*  more  foitid  than  usual.      Moreover,  it  is  fmi 
that  the  admixture  of  bile  with  fermenting  substances  checks  the  pr 
of  fermentation ;   and   M.  Bernard  has  shown  by  ingeniously-con  In  ve 
experiments.t  that  this  antagonistic  power  is  exerted  also  in  the  liviB 
boily.     Hence  we  can  understand  how  the  reflux  of  bile  into  the  stor 
should  seriously  interfere  with  the  process  of  gastric  digestion;  and  ho 
when  there  in  a  deficient  secretion  of  bile,  or  more  food  is  swallowed  tha 
the  bile  provideil  for  it  can  oct-upon,  or  the  character  of  the  biliai-y  i 
tion  itsiilf  ha.s  undergone  any  aerions  perversion,  there  should  Ih?  muul 
more  than   the  noiiual   amount   of  putrcfiictive  fermentation,  as  is  bid 
cated  by  an  evolution    of    flatus,    and    very  frefjueutly    by    di&rrho 

'  Dr.  Bonw  iIoum,  in  tlio  "  Medi™l  Timea,"  Julj  5,  1861. 
t  "Amor.  Juum.  uf  Med.  8ci,,"  Oct.  1861,  p.  361- 
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one-eighth  of  whnt  it  is  when  at  its  niaxiniiini.  Still  it  is  obvious,  titat 
aitliough  its  rate  is  thus  givatly  influtiicwi  liy  the  stage  of  the  digiativc 
[iroceas  {which  is  the  leas  to  be  wondered-at,  when  it  is  rcunsiobercd  that 
the  seuratioii  is  formed  from  lilood  tliitt  'a  charged  with  [lewly-ubsorbod 
and  iDip(^rfw;t!y-aaaimiIated  mutters),  tlio  excremelititiouschanwWirof  the 
Becrotion  rc<]iurea  that  its  elimination  shall  he  constantly  going-uu  to  a 
certain  degree ;  but  a  receptacle  is  provided  in  Miui,  as  in  uiuat  otliera 
among  the  higher  animals  whose  digention  ia  porfornied  at  intervals,  for 
the  Htoring-u|i  of  the  fluid  until  it  can  be  usefully  employed  in  that  jin 
ceas.  The  intestinal  orifice  of  the  ductus  choledochus  ia  close^l  by  a  sort  of 
Bjihincter;  and  the  fluid  secreted  during  the  iutervala  of  digestion,  not 
being  propelled  with  a  foree  sitfiieient  to  dilate  this,  Sows  liack  into  tho 
gnll-l'ludder,  whicli  dilates  to  ruceive  it.  The  presence  of  food  in  the 
dnodennm  seems  to  excite  the  walls  of  the  gtill-bhidiler  and  of  the  biliary 
ducts  (which  contain  a  lai^  quantity  of  non-striated  rauBcnilar  fibre),  ta 
a  contraction  sufficiently  jiowerful  to  i)ropel  their  uontfiits  into  the  intes- 
tine, in  spite  of  the  opposition  of  the  sphineter;  but  whetlier  this  take* 
place  through  a  reflex  action  of  the  nervouM  synttm,  or  through  the  direct 
stimulation  of  the  muscular  coat  of  the  duct  by  the  jmasage  of  alimentary  . 
matters  over  its  orifice,  we  have  at  preaent  no  menna  of  satisfactorily  I 
determining.  It  will  be  recollected  that  the  gall-bladder  is  usually  found  ' 
distended  with  bile,  in  cases  of  death  from  stjirvation  (§  71),  notwith- 
BUmLing  the  diminution  in  Uie  amount  actually  secreted. — Of  the  bile 
which  is  poured  into  the  intestinal  tube,  by  far  the  greater  proportion 
soema  to  be  ro-absorhcd  (§  117).  M 

1 13.  Besides  the  biliary  and  pancreatic  socretiona,  there  is  poured  intvl 

the  upper  part  of  the  Intej^tinal' 
Pio-  IT.  canal  a  fluid  Hccretetl  in  ita  own 

walla,  wliich  hi<a  received  the 
designation  oiSvccija  Knlsno'ti. 
It  seems  not  imjiiTibflble  that 
the  secretion  of  this  fluid  may 
be  the  function  of  the  Glaiida 
of  BiTinner,  whioli  are  small 
racemose  eluatera  of  folliolei 
(Fig.  17),  imbedded  in  tlie  walb 
of  the  duodenum,  extending 
also  to  the  coniniencement  of  tha 
jejunum.  The  Intestinal  juica 
ap|)ear8,  from  the  researches 
of  Bidder  and  Schmidt,*  to 
be  a  colourless  viscid  liquid, 
invariably  alkaline  in  ita  re- 
action, and  containing  from  S 
to  3^  [)er  cent  of  soIi<l  matter. 
The  total  amoimt  daily  secreted  in  Man  is  estimated  by  thc»«  eK]H'ri- 
menters  at  about  7  oi. ;  the  rate  of  its  secretion  seems  to  bo  most  rapid 
five  or  six  hours  after  a  meal ;  and  its  quantity  is  con-siderahly  inci-cwied 
shortly  atfer  the  ingestion  of  fluid,  and  this  without  any  diminution  in  th» 

•  Op.  oiL,  S   260— £S2i    an.l   LehnimiJi'a    "  PhymologiaiJien  Cbemie,"    Sod 
bond  ii.,  pt>.  yfi— 9il. 
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compiottly  cliflsolveiL  TLis  supposition  apjieared  to  tierivo  weight  tror. 
tlie  tiict,  that  tlie  c.tcuin  is  peculiarly  largo  lu  most  Herbivorous  animitli 
tho  '  appendix  vermiformis'  lieing  also  of  greatly- in ci-eased  diui^n^uiu 
and  eoDietimes  doubU^.  But  from  the  expHi-imeiits  and  obscrvutiona  o 
Bloudlot,  it  seems  probable  that  the  acid  of  the  creoum  ifl  mther  a  ]iroduc 
of  the  transfonnation  of  saccharine  HuhsUmces  in  the  alimentary  canal 
timn  a  secretion  from  its  walls.*  Still,  as  thia  hurtic  acid  haa  a  solvui 
power  for  alhuminmia  matters,  which  is  equal,  or  uearly  so,  to  tliat  exertei 
hy  hydrochloric  acid,  it  iii  by  no  means  iuii'ossibie  that  it  may  be  subMT 
vient  to  the  completion  of  the  digestive  process  iu  the  coses  in  question 
since,  the  larger  the  proportion  of  the  aliment  composed  of  Haccharim 
matters,  the  gi-cater  will  be  the  inipoitauce  of  a  thorough  extraction  Q 
its  albuminouii  constituents. 

1 15.  The  Intestinal  tube  Li  furnished,  throughout  its  entire  loii^h, 
with  innumerable  simple  open  glandular,  the  '  follicles  of  Lirfii.'rkiihn  j 
these  are  straight  narrow  cieca,  standing  aide  by  side,  with  very  littlfl 
intervening  substance  (oscept  where  the  Peyeiian  hudiea  lie  amongtit 
them),  and  corresponding  in  length  with  tlie  thickness  of  the  mucoiul 
membrane.  Their  orifices  are  seen  in  the  interspaces  lietwecn  the 
where  they  are  ao  closely  set-together  as  to  seem  like  the  ajiertures  of 
sieve;  and  they  oi-e  an'anged  in  rings  around  the  Peyerius  glandul 
(Fig.  20).  Tlie  precise  nature  of  their  secretion  is  unknown;  and 
seems  not  improbable  that  notwithstanding  the  close  resemblance  wi 
they  bear  to  one  another  in  anatomical  charaot«rB,  there  may  be  soni 
variety  of  fiinction  among  tlieoi.  Thus  it  ia  likely  that  some  of  thi 
(like  tlio  mucous  glandule  of  the  stomach)  are  everywhere  destined  U 
supply  a  protective  mucus;  whilst  some  of  those  iu  the  higher  i>ftrt  d 
the  intestlual  tube  may  famish  the  succus  eutorieus;  and  some  of  those 
in  the  lower  may  be  concerned  in  the  elimination  of  that  peculiarly 
fiecal  matter,  which  seems  to  be  rather  an  excretion  from  the  blooil,  tluui 
the  result  of  the  decomjiosltlon  of  any  coDHtituente  of  the  food  (§11 8). 

116.  The  undigested  resiilue  of  the  fooil,  mingled  with  the  products  ot 
secretion  that  have  been  poured  into  the  aliuieutaiy  canal,  gradually 
Bcquii'cs,  in  the  large  intestine,  the  ordinary  consistency  of  Fseces,  through 
the  continuance  of  the  absorbent  pi-oeeas,  wliei'ehy  the  superfluous  fluid 
is  removed.  The  condition  of  this  residue  has  Iwen  particularly  studied 
by  Dr.  Rawit^  who  examined  microscopically  the  products  of  the  artificial 
digestion  of  ditiTereiit  kinds  of  aliment,  and  the  contents  of  the  fiecea 
of  diOereiit  animals  that  had  eaten  the  same  articles.  "The  general 
results  of  his  examinations,  as  regards  aninial  food,  show  that  the  mus- 
cular tissue  breaks-up  Into  its  constituent  fasciculi,  and  that  these  agai. 
are  divided  transveraely ;  gradnally  the  transverse  strise  liecome  indistinct 
and  then  disapjxMr;  and  liually  tho  sarcolerama  seems  to  be  dissolved, 
and  no  trace  of  the  tissue  can  be  found  in  tho  chyme,  except  a  few  frag- 
ments of  fibres.  These  changes  ensue  most  rapidly  in  the  flesh  of  fii^. 
and  hares,  less  i-apidJy  In  tliat  of  [>oultry  and  other  aiiimaln.  The  frag- 
menla  of  muscular  tissue  which  i"cniain  after  tho  continued  action  of  th9 
digestive  fluid,  do  not  appear  to  undergo  any  alteration  in  their 
through  the  rest  of  the  intestinal  canal ;  for  similar  fragments  mi 


'  See  hi*  "  Trait*  nualytiqiie  de  !a  Dieertion,"  p.  lOS. 
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<;uiii|«)siliuii   of  tlii;   OM;aiiic  [wrtion   of  the  Fipces  la  iittriinleii  wiUi  i 
imu;li  ilitKi'ulty  uiiil  miplLanttntneas,  that  it  haa  hitherto  been  ucnrmil 
l.roSL-eutai  systtiniiitieally.     Aooording  to  the  i-ecent  enquiriw  of  Di 
Marcet,*  healthy  Lunian  excremente  contain, — 1.   A  p(?culiar  crystnlliii 
HiibstiLiiCD,   having  an   alkaline   i-cactioa,   coutaiiiing   both  Ditrogcn  hd 
sulphur,  fUaing  at  about  3u3°,   and  at  a  higher  temperature  bumin 
away  without    inorganic  ix'siJue;    tliia  he  proposea  to  call  Ji.rarttim 
2.  A  fiitty  acid,  liaring  tho  properties  of  Slargaric  aciJ,  but  nut  era 
atantly  present;    3.   A  colouring  matter,   Biniilav  to  that  of  Wood  ani 
urine ;    4.   A  light  granuliir  coloui'less   Bubstance,   sparingly  soluble  ii 
ethor,  (uaible  by  heut,  and  burning  with  a  bright  tidigiiiuus  tiaine,  lesviu] 
a  whit*  i-caidiie  cotoposetl  of  |.>hospliate  of  jwluah ;  this  U  probably  i 
conibuiation   of  phosphate  of   [Kjtasli   with   a   jnu'i;   organit-   Bubst«uos 
5.   An  W\(\  oUve-colouivil  suljstiince   of  a.  fiitty  nature,  tcnneil  ExertUili) 
acid :  this  is  probably  united  in  facta  with  exeittine  or  a  basic  fiubatftiioi 
oloBcly  a!lie<l  to  it.     Neither  butyric  nor  lactic  ueid  covild  bo  discoverw 
in  healthy  Human  excrement;  although  the  former  preaenla  itsi'll'  iu  llu 
uxt-rements  of  GamivorouH  Manimulia,  which  contain  also  a  gubetuiM 
allied  in  ittt  natui-e  to  excretiue,  but  not  identic^  with  it. 

1 17.  Of  the  dtgiiH;  iu  which  the  Bile,  as  a  whole,  normally  enters  inta 
the  compoBition  of  tin-  fieccs,  it  ia  difficult  to  speak  with  predsioii.  In 
principiil  I'ODstituents  can  easily  be  rtiOogniTed  in  the  upiier  [iitrt  of  tliQ 
(tmall  intestine ;  but  the  further  we  descend  in  the  intestinal  cauol,  lli4 
less  of  them  do  we  meet^with;  and  in  the  contents  of  the  liu-go  intes- 
tine, and  in  the  evacuated  fmeea,  they  are  seldom  to  be  diBenvered.  How 
far  this  result  dcpeuds  upon  their  removal  from  the  alimentnry  eanalj 
by  re-ab*>iptiou,  and  how  fiii-  u|ion  the  loss  of  their  chaiiictei'istic  pro-j 
perties  by  decomposition,  cannot  be  stated  with  cdrtainty.  That  tliol 
colouring-matter  of  the  fsecea  ia  in  great  part  derived  from  the  bile,  ia 
shown  by  their  paleness  when  that  seeretiou  in  not  duly  jioured  into  Iha 
iutestiniil  tube.  And  it  is  [irobablo  that  the  pecidiiu-  fatty  substaucuB 
just  dijseribed,  lui;  jTuducts  of  the  metamorphosis  of  its  oleaginous  aud 
resinous  matters.  The  aimilarity  whieh  has  been  fo<md  to  exist  betweCQ 
the  odour  of  certain  components  of  putrefying  bile,  and  tliat  of  fueees,  luU 
led  Prof.  Valentin  to  suppose  that  the  matter  which  gives  to  the  latt4U' 
their  charactoristic  smell,  is  entirely  derived  from  decomposing  biliu 
We  shall  jireseDtly  see,  however,  that  other  sources  of  this  matter  pro- 
bably exist  (§  1 18) ,  lUid  the  recent  researches  of  Bidder  and  Sehmidt 
upon  the  amount  of  Kidphur  in  the  fiecea,  appear  to  aliow  that  not  abovo; 
one-eighth  of  the  solid  matter  of  the  biie  is  normally  excreted  undi 
this  form.  The  indications  of  the  presence  of  bilo  are  more  distinct, 
however,  when  the  fajces  have  remained  for  only  a  short  tiine  ui  the  largo 
interftinc,  and  when  there  has  coiiseipiently  been  less  time  for  ita  re-absorp- 
tioii.  In  the  fiecil  dincliargea  which  result  from  the  action  of  mei-euriuJs, 
large  fjuantitiea  of  biliiiry  matter  may  l>o  detected,  very  little  chiiiiged. 

1 18,  Although  it  cannot  be  Htated  with  certainty,  whut  ia  the  prtxiBis 
[>ortiiJU  of  the  Ohiudular  ap]taratua  connected  with  the  Inttstinal  canal, 
which  is  c'oneenicd  in  the  elimination  of  thiit  pccidiarly  ]>utrc»ccnl 
matter  which  gives  to  the  ffccea  theii'  characteristic  odour,  yet  it  may  l 


*    "  rmcCDdiiitii  I'rtlie  Rnjnl  8i>eicty,"  Juiiu  15,  ltj51. 
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niecliciue,  gives  us  a  most  vftluable  HU'iins  of  augmenting  its  depurativc 
iictiou.  Beuing,  aa  mi  iihstirviint  Medical  Practitioner  can  avoid  doing, 
how  trequeotly  Nature  heraulf  cuiploys  thin  lueans  uf  eliminating  morbilic 
matter  from  the  system, — an  is  shown  by  thp  immense  lulief  often  given 
by  iiu  attack  of  dian'hoja, — ^we  may  look  upon  this  u]>parati[fl  as  one 
which,  like  the  Liver,  the  Kidney,  or  the  Skin,  may  frequently  with 
propriety  be  stimulated  by  medicines  that  have  a  special  uction  upon 
it,  BJid  one  through  which  some  morbilic  mattein  Tuuy  be  got  rid  of  more 
cei-taiiily  and  more  s|M!odily  than  through  any  otliur  ohaiuiel.— It  is  not 
intended  by  these  observations  to  encourage  the  system  of  violent  and 
indiseriniiuate  purgation :  but  to  show  that  ]>urgative»,  Judiciously 
Hdministered,  ofU:n  constitute  oui'  beat  means  of  eliminating  iujurioua  i 
mutters  fi-um  the  system. 


CHAPTER    IT. 


OF    AUSUBl'TION     AND    SANGUIFICATION, 


1.  Of  AbitoTplimi  frtyiii  the  Digestive  Cuvili/. 

lia.  So  long  lis  the  Alimentary  matter  remains  in  the  Digestive  cavi^, I 
however  [it-rfect  may  be  its  state  of  prepiiration,  it  is  as  far  from  being  oon-i 
ducive  to  the  nutrition  of  the  systeni,  aa  if  it  were  in  contact  with  thai 
external  siirfiKn;.     It  is  only  when  alisorbcd  into  the  vessels,  and  carriedf 
by  the  circulating  current  through  the  very  substiuice  of  the  body,  that  it  ' 
becomes  capable  of  being  appropriated  by  its  various  tissues  and  organs. 
In  Man,  aa  in  nearly  all  vertebnited  animals,  a  set  of  vessels  is  interposed  J 
between  the  walls  of  the  intestine  and  the  sanguiferous  system ;  for  the  ^ 
pur]iose,  as  it  would  seem,  of  taking-up  certain  comjionents  of  the  nutri- 
tive matter,  of  which  [lart  at  least  ai'e  not  in  a  state  of  perfect  solution, 
and  of  pi-ejiaring  them  for  tieing  introduced  into  the  current  of  the  blood. 
These  ai-e  the  Absorbeida  of  the  intestinal  walls  ;  of  which  those  that  are 
fonud,  after  the  performance  of  tlie  digestive  procesis,  to  contain  the  whito 
opalescent  fluid  known  as  '  chyle,'  are  distinguished  or  l^tcteids;  while  the 
remainder,  like  the  abaorbenta  of  the  systom  generally,  are  kimwu  w 
Itfinp/uilicn.     The  iltBtinction  is  a  purely  artificial  one;  for  the  '  locteals'' 
are  the  '  lymphatics'  of  those  jiarts  of  the  intestinal   walk  which   they 
Bujiply,  a»  ia  shovm  by  the  fact  that,  during  the  intervals  of  the  digestive 
process,  they  ooutain  a  transpai'eot  fluid   in   all  respects  similar  to  the 
'  lymph'  of  other  parts.— The  Absorhents  foim  a  minute  jilexus  beneath 
the  mucous  lining  of  the  alimentary  canal  along  its  whole  extont ;  but  in 
the  small  intestine  they  enter  the  villi,  at  the  extremities  of  which,  indeed, 
they  may  lie  saiil  to  commence.     Those  cmly  are  entitled  t<)  the  designa- 
tion of  'lacteals,'  which  origimtte  from  the  intestinal  can al  lielow  tliejioint' 
at  which  the  biliary  and  jMincreatic  ducts  [•our  their  eoutents  iuto  it;  for 
above  that  point,  tlic  fatty  eoiiHtitueuta  of  the  aJimeutJiry  matter  are  not 
in  a  state  of  sufficiently  line   division   to  ent«r  them;  and  the  absorbed 
flitid  ia  con-swjuently  pel  lucid,  instead  of  ]ii>ase»sing  the  milky  aspect.   Thus, 
then,  we  are  to  consider  the  tmHeat  portion  of  the  Absorbent  system,  tfl 
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nuiiieroiia  niiisculiii-  tilire-oclls,  uikI  tluit  they  preML'nt  tlieuiiwlvca  ill  ve 
ditJereut  dugruts  of  fuii traction  mid  oxtfiisiim.     Tliia  ob«.'i-\'iititiii  coiif 
till!  Htittemcut  tbniiei-ly   iimdi;  by  M.   Liuaiuobti;*  us  to  the  L-xiatence  i 
coati'actiiB  tisauQ  iu  tlio  i-illi,  which  atiiteiiitiut  waa  baHUil  on  the  contrao-l 
tion  which  he  huiI  observed  them  tu  undergo  after  their  removal  tVoiiitkal 
body;  ajid  also  the  yot  more  remarkable  ussertiou  of  AIM.  Oruby  nu 
Dflafoiiil,  that  rhythuiii^  movt'mi'uts  of  eoati-actiou  and  L-xteuHion 
ditt'oretit  iliiiit'tionH  tiikt-  \i\ace.  in  the  villi  wiiilst  alisinittion  is  goiiig-on,! 
whieh  have  iiu  iiiiipji-tant  intlueiioe  on  tlie  propulaitiii  of  the  fluids 
tiiined  within  their  vesaelH. 

121.  Wliitn  the  Villi  arc  examiued  at  such  a  period  aftier  a  meal  conJ 
tniriing  oltiiyiiioua  iimtterM,  as  Iins  auDict-d  for  its  (HLrtial  iligcstion.  their 
Inulealti  uru  seen  to  be  turgid  with  ehylc  (Fig.  t'J,  a);  and  the  extremit; 

Pio.  10. 


StLevnAtJot  Inlpitimil  fitlbn  s«pn  M  a»  diiriii(c  uliHIrpliun^  and  ulu'viii^  jil»tnrhi*nl  ni^Ua 
Aod  IftCtdfe]  CnmLn.  dial<'ilil4>d  with  cliyU'i  ikl  n,  dunug  Lnlervk]  (tf  di^'edtj^jn,  tlmwing  Ihc  nop. 
pusn)  pariplwnJ  nii|*orkof  iMuit^itlii. 

uf  ODcb  lacteal  apixsirs  to  be  imbedded  iu  a  cnUectiou  of  globules 
eenting  an  ojialeseent  appeanuice,  which  gives  to  the  end  of  tlie  villus  % 
somewhat  uiulbeiTj'-liki-  fonn.  It  wa«  Bupposud  liy  Prof.  t!<Hxlnir,J  by 
wbont  this  a[ipejirHneo  was  first  obsorvL'd,  that  these  (ilobTilea  are  cells 
developed  loilhin  the  basemen t*mcinbrane,5  dmiug  the  act  of  absoqi- 
tion,  from  what  hu  considered  to  be  granular  gernin  visible  in  the  same 
Hitnation  during  the  intervals  of  the  process  (n);  and  that  tbeae  oeU% 
drawing  into  theniselvea  during  their  growth  certain  of  the  nutritive 
materi.ds  contnined  iu  the  intestinal  canal,  are  thus  the  real  agent* 
in  the  iiele<:llou  of  the  Bubstances  which  are  to  be  intrixluccd  into  the 
lacteals,  di-liveiiiig  them  to  these,  by  the  rupture  or  deliqneseenee  of  thtur 
wuJIn,  Hii  Buon  as  their  own  term  of  life  is  ended.  It  waa  further  held  by 
Prof.  Ooixlsir,  that  the  epitholium-cellB  covering  the  extremities  of  the 
villi  fail-ofl"  during  the  pri>cpac  of  absoqition,  so  aa  to  leave  the  villi 
more  IVee  to  imbi1>e  the  IliiidK  iu  contact  with  their  Biirface;  nud  thus 
that  a  now  set  of  alisorbeut  cells  in  develojied  with  every  recurrence  of 
the  act  of  alisuqition,  and  a  new  set  of  protective  e[utheliuiii-e('11s  in  th« 
Bub«HM]UGnt  interval  These  views,  however,  tliough  con^ectly  indicating 
the  fiict  that  the  elements  of  chyle  are  introduced  into  the  lacteals  by. 


•  "  Ktudo!  Hydi-iitoiuiqiies  et  Micrugrapliiques,"  Pnrifl,  1841,  p.  60. 

+  "Cuin|jk-j-  lt<^udufl,"  ]B*3,  p.  1109;  ivud  1843,  p.  IIBS. 

t  "Eilinb.  New  PLil.  Juarn.,"  •Inlj,  lifi;  kdJ  "  Anabiiuical  and  Pitliologifsl  Obnr- 
valiona,"  pp.  6—10. 

i  Tliu  opithvli  am  .cells  of  the  Tilli  maj  frequeatly  he  olmrrrad  to  be  oaoiiectleil  at  tlieir 
rrvu  eiln!niiti<'8  )ij  miueililup  like  n  cnilinuoUB  muuibmiic:  luil  it  ww  doiibtleai  thi^ 
wUicb  WM  luicL-iki'ii  hy  i'ruf.  (iixiddir  for  the  [irupcT  Imoemont-xurnil 
the  ipitlicliuincdlii. 
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in  three  other  matonces  within  2^  minutea.     In  all  these  cases,  howeverj 
the  stomach  iiiav  be  jireamnnd  to  iiave  beeii  empty,  and  the  vascu 
system  in  a  state  of  aptitude  lor  (ibsorption ;  since  the  experiments  we 
miide  either  after  a  long  tost,  or  at  least  four  hours  after  a,  light  me 
When,  on  the  other  hand,  the  salt  was  introduced  into  the  stomach  ; 
after  the   ingestion  of  alimentary  auhstancea,   a   much   longer   peno 
elapsed  before  it  could  be  detected  in  the  urine ;  thus,  when  a  suhstantial 
meal  had  been  taken  two  hours  previously,  the  interval  was  13  minuteajj 
when  tea  and  bread-and-butter  had  been  taken  one  hour  previously,  tb 
interval  was  14  ininutea ;  a  siniiLir  meal  having  been  taken  tweuty-foi 
minutes  previoualy,  the  interval  was  1 G  minutes ;  when  only  two  minub 
had  passed  since   the  eoncliiaioii   of  such  a  weal,  the   interval   was  31 
minutes;  and  when  a  solid  meal  had  been  conelmled  just  before  th 
introduction  of  the  salt,  the  interval  was  39  minutes.* — 'fliese  facta 
of  great  importance,  in   allowing  the  very  marked   influence  whiuh   th 
state  of  the  kIoiiuk/i  exercises  upon  the  absorption  of  matters  introduced 
into  it.     Not  less  important,  however,  b  the  state  of  the  vascidar  sjftUm 
in  regard  to  trirgesoenco  or  emptiness ;  for  it  was  found  by  Magendie,  that 
when  he  had  injected  a  considerable  quantity  of  water  into  the  veins  ttf_ 
u  dog,  poison  was  al>sortje<l  very  slowly ;  whilst  if  he  relieved  the  di»9 
tension  by  bleeding,  there  was  speedy  evidence  of  its  entrance  into  the" 
circulation. — The  rapidity  with  which  not  only  aqueous  but  alcoholic 
liquids  inti'oduced  into  the  stomach  may  jhlsb  into  the  general  circu- 
lation, hfla  been  shown  by  the  experiments  of  Dr.  Percy ;+  who  found 
that   when  strong  alcohol   was  injected  into  the  stomach  of  dogs,   thos 
animals    would    sometimes  tall  insensible    to    the    grounil  iinni«/iiif«^|fl 
upon  the  completion   of  the  injection,   their  ruspiratoi'y  and   cardiac 
movements   ceasing   within   two  minutea ;    and  that  on   post-mort«in 
examination  in  such   cases,  the   stomach   was  nearly  empty,  wliilst  the 
blood  was  highly  cliarged  with  alcohol  j  thus  rendering  it  almost  certain, 
that  not  merely  tbe  final  destruction  of  nervooB  power,  but  the  imme- 

*  The  grent  ra|iLilit;  with  cbJch  Bulul>le  wilU,  iDtrndaKu]  into  (he  atoiiuuib,  maks  thdr 
iippcanmi:^  in  the  uriue,  han  led  M.  CI.  Iftimard  to  ihiuk  that  Home  more  direct  chftiuiel 
muBt  i!i:iflt  fur  thvir  paB?^]^;;G  frum  the  «t'>iua?h  to  the  LidutiyR,  tliADthiit  whieh  the  untiivrj 
carreit  nf  the  snD^ifiTuuH  cirrukitioii  offorda ;  nnd  to  mWaniv  tlie  eKtfiUjr\Hnj\ry  do^.^triur^ 
that  whiirt  ohHurjition  is  gLiiiig-i>i;,  thi're  is  a  <!uBetrictii>n  uf  the  veoa  oiyil  nbuve  the 
eDtr^Dce  uf  thtf  bcpfttiu  tquj,  trherehf  a  rtjtuj:  uf  the  hlixHl  dischArged  by  it  takea^  phuse,  m 
tbut  it  prutaeii  into  the  rtnal  vein,  without  reaching  the  licart.  Be  lUBcrU  that  &  pe<!u]iar 
thickening  at  the  uidhoiIu'  cout  exiiitB  in  the  npper  piirt  uf  the  •noa  cava,  whereb;  it*  ool  ~ 
traction  is  uocasiuned  ;  aluj  that  tbure  ne  (in  the  Uvnv  M  least)  dire<^  pnamgei  bj  vhid 
k  port  of  the  [xirtsl  blow]  LUi}'  be  diwhari^ed  into  the  icon  earn,  nithaut  piuinng  tbi 
the  hver.  ("  L'Onion  M«Ii«K"  1819,  No.  115.)— Now,  in  ll.e  first  place,  this  1 
tbeiia  in  nut  neeeBsiry  to  eipliiiii  the  furts;  for,  u  ie  uliowu  above,  there  in  vrideDcei 
llie  traDamitiaioii  of  niiliitiiiceii  to  olhrr  parlA,  with  at  leiiKt  ait  mnch  rnpidit;  as  is  iodi- 
eated  I17  ihoir  iip|>eai:uice  in  the  urine.  And,  in  the  aeeund  place,  if  the  supposoil  reflu 
really  took  pLaee,  it  Toiiflt  affect  the  whole  venous  cireuhtUun  of  tho  trunk  and  lov 
eitreniities,  except  auch  us  the  vena  asygoa  and  a  few  other  small  ehaunels  cimid  prur 
for  ;  uod  must  iicrauou  (to  niitke  guod  the  i3juditii>iu<  of  tho  probleai)  nut  menilya  ilag 

tiitn,  hut  no  hIwiIoI*?  rrjjnj-,  S"  tbnt  tlie  veins  wttuld  bo  metnmorpb1fM.1l  into  arU'Hc>i,  1 

the  nrtories  into  vtin.'i,      ilow  the  vis  *\  tevj't,  originnlly  derivin!  fnnii  tbe  heart,  am  tbtt" 
he  strong  enough  at  the  very  end  of  the  systemip  oin-nhitioD,  not  merely  to  neiitmlia!,  but 
actually  to  uvcreome,  the  force  which  it  eterciKB  ulmuBt  close  tu  the  hi>art,  H.  Bmtacd 
ha*  Diit  iiifiirnieil  uk. 

t  "  Kiperimenlal  Ennuiry  ranoBming  the  PrBsenre  of  Alcohol  la  the  Vonlricles  of  llie 
Brain."  p.  1)1- 
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substances;  sticli  iis  gamboge,  iiiiulili-r.  iim!  rlnilmrli ^  tlit 
stances  were  u(in]i!iiir,  musk,  awilastiilii,  .tc. :  wliile,  ui  otht; 
wdine  bodies,  such  as  ciiloridi;  of  biii'iiiin,  acetat«  nf  lea^l  Mid  of  tlie 
Rnil  some  of  the  prussiates,  which  miglit  easily  be  detected  liy 
te«t«,  wore  raixeil  witii  the  food.  The  eulouring  raatterB,  l<n- 
port,  were  cairicil  fiut  of  the  system,  without  being  receivetl  eat 
the  veius  or  tbo  locUinlR ;  the  odorous  suhstADces  irere  geuenJIy  ileA 
in  the  venuus  blood  and  in  the  urine,  but  not  in  the  chyle;  whilst  i 
saline  aubstuneea,  muny  were  found  In  the  blood  iiuil  iu  the  urine, 
very  few  only  in  the  chyle.  A  similur  conohision  might  be  drawn 
the  nunierotia  instauces,  in  whioli  vurioiis  sulwtanct's  introdacei]  ia\ 
intestines  hnve  been  detected  in  the  blood,  although  the  titorame 
hod  been  tied ;  but  these  results  nre  lesa  sattsfuctijry,  because,  Ul 
there  is  probably  no  <liroct  couiuiiiiiiculion  {us  niaintiiiued  l^  n 
between  the  Incteak  and  the  veins  iu  tlje  mesenteric  glunda, 
titioiia  which  supamte  their  respective  conteiita  are  evidently 
that  transuiifttiou  inay  readily  take  place  thi-oiigh  them. 

1^-1.  This  Absorption  by  the  Blood- vessj.-ls  is  a  simply  jJii/mcal  ioj 
tion,  depending  upon  the  relative   consistency  and   miseiliility  oj 
blood  and  of  the  liquids  to  be  a[<iK>rlieid,  and  u]ion  tlie  mpid  ni(>TiM 
of  the  blood  through  the  vessels.      Whew  the  contents  of  the  ulimm 
canal  are   of  iesa  specilic   grn\-ity  than   the   blood,   aui]   are  cs|i>iU 
readily  mingling  with  it,  au    endosmotio  currt^iit  will    lie  e^itablii 
through  the  delicate  jiarietes  of  the  blood-vessels  and  tlieir  tliiii  iD\ 
ments,  betwM'u  the  two  liquida,  tlio  li.imior  passing  towanls  Uie  oC 
and   in   this   mode,  albuminoua,  gelatinous,  saccharine,  saline,  and  a 
soluble  substances  may  be  caused  to  enter  the  blood,  if  their  solution 
not  too  conceiitmted.     But  it'  their  density  be  equal  to  that  of  the  bli 
or  nearly  so,  little  or  no  alwoqition  is  likely  to  take  place;  ajid 
purpose  which  is  answered  by  the  very  copious  discharge  of  aifueouB  fl 
into  the  alimentary  canal,  during  the  operation  of  digestion,  is  olivioi 
the  reduction  of  the  density  of  the  solution  to  a  favourable  jioinL 
again,  the  density  oftho  contents  of  the  idinieutjiry  canal  should  vxa 
that  of  the  blood,  lui  eudusniotic  current  might  jierhajis  be  eatablislied 
the  O|)posite  du-ectiou ;  but  their  dilution  would  probably  be  efloctoj 
speedily,  that  little   of  the  contents  of  the  blood-vessels  would  bo  ti 
(frawn-forth,  more  eai>ecially  as  auimni  membranes  apjiear  to   h*n 
special  power  of  resisting  the  pa-isage  nf  Alimmun,  whilst  they  givol 
transmission  to  Albuniinoae.* — That  the   niovomcnt   of  blood  in 
vessels  will  vastly  increase  the  rate  of  cudosmotlc  absorption,  is  i 


*  It  is  cnaniilcrcd  b;  Liebi^'  lha.t  tim  purgative  ctTecU  of  cuiiucntrittud  Bkline  nil 
are  In  lie  iux»nDtuJ-fuT  on  tliis  principle, — the  cfiMtiiiiilimeul  of  nn  cudunaiilu 
from  iiiaU^a^l  of  Coamnh  Lbe  liirculatini;  ayatem.  It  iti  clilHi^ult,  l^oncTcr.  Uiijft  tn 
fur  oM  tlio  p^iciiDmi^nA  of  Mliue  |iur^itJi>u  ;  &Dd  the  AutbL>T  ^f»atly  ihtuhlii  lUt;  viUiilil 
the  oiiilnna^iin.  — It  mny,  liii*ever,  be  aii|>lieil  with  mure  pr^ilialiijity,  t"  tiit  fnnl  "f  ir 
the  Autbnr  wan  uasured  by  tbu  late  Dr.  i'ruQt;  tli.,  tJuit  hsviiig  (&i  a  clog  npon ) 
Etairh,  be  biui  fouod  albumen  Lu  lbe  iluodeoum.  On  tbi£  fuirt  Dr.  Pmut  mniUi  ruticd 
prciof  of  tbo  convrrtihUity  ef  gtarL.'h  int<)  albnmcn,. — r^n  ideA  whicb  would  iiuv  bu  nnf 
■ally  coadeiuned  ly  Or^nlr  Chemulc  ;  but  it  cluca  not  neem  difiicult  to  beliwe,  that 
preseace  ofn  riydil  mavs  of  lialf-digOAted  Ktaroh  might  have  determined  h  tramiudAtid 
olbumeu  frum  the  bZood-Tesaebi  by  undosmoflia. 
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Digestive  cavity.     In  tlie  adult  uondilioii  of  moat  of  tlic  liigiier  anisia 

however,  the  specuil  function  of  tlii;  Intter  is  bo  much  exulted  na  iisuit 
to  supersede  the  necessity  of  any  other  aiip]dy  ;  iind  the  fiuietioii  of  t 
cutiinyoiis  and  piilmonttry  surfaces  may  be  considered  sa  rathL-r  thut 
exLidation,  thau  of  abiiorptiou.*  But  there  are  jicculiar  conditions  uf  t 
Byateui,  in  which  the  imbibition  of  fluid  through  these  garftuxti  is  pt 
formed  with,  great  activity,  siipplving  what  would  otherwise  be  a  mc 
important  deficiency.  It  may  take  place  either  through  the  direct  app 
cation  of  fluid  to  the  sm'faoe,  or  even  through  the  meilium  of  tbe  aim 
sphere,  in  wliicli  a  greater  or  less  pro]iortion  of  watery  vapour  is  usual 
difiaolved.  This  absoipti'jii  occurs  most  vigorously,  when  the  system  lii 
been  drained  of  its  fluid,  either  by  an  excess  of  the  exaretiaoa, 
diminution  of  the  regular  supply. 

128.  It  loay  be  deaimblo  to  adduce  some  individual  cases,  which 
thia  fiinction  iii  a  striking  point  of  view ;  and  those  may  be  first  uotioel 
in  which  the  Absorption  took  place  through  t!io  contact  of  lii/ul'ln  wit 
the  akiiL  It  is  well  known  that  shii)wi-ockod  sailors,  and  otlient  who  ai 
Buffering  from  thirst,  owing  to  the  want  of  fresli  water,  find  it  grwil^ 
alleviixtcd,  or  altogether  i-elieved,  by  dipping  their  clothes  ijito  tb«  at 
and  putting  them  on  whilst  still  wet,  or  by  fi-equently  immersing  the 
own  bodies. + — In  a  case  related  by  Dr.  Currie,  of  a  patient  InliouTii 
under  dysphagia  iii  its  most  advanced  stage  (the  introibicUon  of  m 
nutriment,  whethei-  solid  or  fluid,  into  the  stomach,  having  bvcon 
perfectly  impracticable),  an  attempt  vrna  made  to  ])rolong  Ijis  exiRtenc 
by  the  exhibition  of  nutritive  enemata,  and  by  inimei'siou  of  the  bod; 
night  find  tnoruiDg,  In  a  bath  of  milk  and  water.  Dm-iug  the  coutiuu&lx 
of  this  plan,  his  weight,  which  had  previously  been  rapidly  ilimlQiahiii 
remaineil  stationary,  although  the  quantity  of  the  excretions  wan  c 
creased.  How  much  of  the  absorption,  which  must  liave  been  effect* 
to  rejdace  the  amount  of  excreted  fluid,  ia  to  be  attributed  to  thf  bntb 
and  how  much  to  the  cuemata,  it  is  not  easy  to  say  ;  but  it  b  impnrtani 
to  remark  that  "  the  thij^t,  which  was  troublesome  during  the  first  day 
of  the  patient's  abatiuencc,  was  abated,  and,  as  he  declared,  removed,  h 
tlie  tepid  bath,  in  which  he  bad  the  moat  grattfid  sensations."  "  I 
cannot  be  doubted,"  Dr.  Cuirie  observes,  "  that  the  discharge  by  stM 
and  perspiration  exceeded  the  weight  of  the  clysters;"  and  tlie  loss  b, 
the  urinary  excretion,  which  increased  from  24  oz,  to  3li  ot  under  thi 
system,  is  only  to  be  Jaccounted-for  by  the  cutaneous  abaorption-J — Di 
S.  Smith  mentions  that  a  man,  who  had  lost  nearly  3  lbs.  by  pei-xpiratica 
during  an  hour  and  a  fjuarti'r's  labour  in  a  very  hot  atmosphere,  regaini 
8  oz,  by  immersion  in   a  warm  bath  at  95",  for  half  an  hour.j- 


*  We  hire  a  rmiarlcnbli  Eicsption  to  this  geuenl  Matdment,  howerer,  in  tlia  oh* 
Frop  luid  uthET  BHtmrhia,  which  are  chaniclfriied  h;  the  Boftne^n  of  tlieir  skiiu  and  ' 
IhinittfiE  nf  their  vpidi^niiic  covering  ;  f,rr  entaneous  oljsorptiiiii  K'eins  ia  thnu  to  be  no  ] 
Bclivo  tlinn  thsir  cutone-iiis  ejlinlntioH  aii<1  rea[)ini.tii>n  aru  wall  knnwn  Ui  be.  Thua  " 
whidh  huliita»l]j  live  in  a  muiiit  iituii>s;ihore,  seldom  or  neier  drink  ;  jet  nhcn  they  ha 
loAt  fluid  by  cxpotiura  to  hot  dry  air,  they  will  regain  their  weight  b;  bein^  left  fi>r  a  I 
upon  moiHt  aand  -,  and  (lie  bloilder,  which  aerveB  as  a  rewrvair  of  wal^  fur  cutaDmiia  i 
halation,  (hough  proiiouidj  emptied,  n-ill  be  refiUed. 

f  See  a  (tolleetiun  uf  such  ciuiiei  in  Dr.  Maildea'a  "  Experimental  Enqntr;  into  the  Ph 
aiologj  of  Cutaneoufl  Absorption,''  p.  47- 

J  "  Medical  Heporta,"  vol.  i.  pp.  308—326.     g  "  FhiloBophj  of  Health,"  vol.  ii.  p.  39 
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excretions  over  tLe  fluid  iiigesta  could  nut  huve  been  less  than  4  Iba. ; 
making  140  !ba.  for  tlie  thii-ty-tive  days  during  which  the  complaint  lasted. 
If  from  this  we  deduct  the  amomit  of  diminution  which  the  weight  of  the 
body  sustained  (hiring  the  time,  we  shall  still  have  113  Iba.  to  be  accounted 
for.  which  can  only  have  entered  tho  body  from  the  atmosphere. — A 
of  ovariandropsy  has  been  recorded  by  Ml'.  Foi'd,*  in  which  it  was  observed 
that  the  [latieut,  during  eighteen  days,  dranlc  002  oz.  or  43  pinta  of  fluid, 
and  that  she  diacharged  by  urine  and  by  paracentesis  12it8oz.  orSl  jiittts, 
which  leaves  a  brtlance  of  COG  oz.  or  38  pints,  to  be  similarly  accounted 
for.t  m 

130.  Not  only  water,  but  substances  dissolved  in  it,  may  be  thus  in-4 
ti'oduced.     It  hiis  been  found  tliat,  al^r  bathing  in  infiiaions  of  madder. 
rhubarb,  and  turmeiic.  the  mine  was  tiuged  with  these  substances ;  and 
that  a  garlic  plastiT  affected  the  bi-eatb,  when  eveiy  cai-e  was  taken,  by 
breathing  thi-ough  a  tube  connected  with  the  exterior  of  the  apartment, 
that  tho  odour  should  not  bo  n^ceiveii  into  the  lunga.^     Gallic  acid 
been  found  in  the  urine,  after  tho  extcrual  n[ipii«ition  of  a  decoction  of 
bark  containing  it ;  and  the  soothing  influence,  in  eases  of  neuralgic  pain, 
of  the  external  application  of  clierry- laurel  water,  is  well  known.     Many 
saline  substances  are  abaorlied  by  the  skin,  when  applied  to  it  in  solution 
and  it  is  intei'esting  to  remark,  that,  contrary  to  what  happens  in  re|^ 
to  the  absorption  of  these  from  the  alimeutaiy  canal,  they  are  for 
most  part  more  readily  discoverable  in  the  Absorbents  than  in  the  Veins. 
This  is  probably  dui!  to  tho  fact,  that  the  imbibition  of  them  takes  plaoe 
entirely  according  to  i>liysieal  laws;  in  confonnity  with  which  they  pass 
most  readily  into  the  vessels  which  present  the  thinnest  walls  and  the 
largest  surface.      In  tlie  intestines,  the  va.scular  plexus  cm  each  viUns  iaM 
not  only  very  exten.tive.  hut  also  ensheaths  the  lacteal  trunk;  and  M^ 
the  walls  of  the  veiia  are   tbin,  theiv   is  considerable  facility  for  the 
entrancu  of  saline  and  other  substances  into  the  general  current  of  the 
circulation :  but  in  the  akin,  the  lymphatics  ai'e  distributed  much  more 
minutely  and  extensively  than  the  veins ;  and  soluble  matters,  therefore, 
enter  them    in  preference  to   the   veins.      The  absorbent  power  of 
Lymphatics  of  the  skin  is  well  shown  by  the  following  experimenta. 
bandage  having  been  tied  hy  Schreger  round  the  hind-leg  of  a  puppy,  thi 
limb  was  kejit  for  twenty-four  houra  in  tepid  milk;  at  the  expiration  ol 
thi*  period,  the  lymphatics  wei'o  found  full  of  milk,  whilst  tho  veins  con- 
tained none,     lu  repeating  this  experiment  upon  u  young  man,  no  milk 
could  be  detected  in  tho  blood  drawn  from  a  vein.     It  has  been  shown  by 
Miiller  that,  when  the  posterior  extremities  of  a  frog  were  kept  for  tw» 
hours  in  a  solution  of  pntssiate  of  potass,  the  salt  had  freely  penetrated 
the  lymphatics,  but  had  not  entered  the  veins.— It  does  not  follow,  how- 
ever, from  these  and  similar  experimenta,  that  in  all  tissues  the  lymphatic* 
absorb  more  readily  than  the  veins  ;  for  as   the  capillary  blood-vessels  in 
the  Lungs  are  much  more  freely  exjwsod  to  the  aurlace  of  the  air-cells 

•  "  Medio*]  ConunoaicMions,"  vol.  ii.  p.  180. 

+  In  thie  uAAc,  howDFQr.  aa  ia  oLhera  at  t%  RimilDir  kwd,  KiniethiDg  U  1«  be  BlluwefJ  fn-i 
the  ctunntity  uf  niter  ciintftined  in  tlie  solid  food  itignrtod  ;  bat  this  niBj  be  fnirly  fuiuiiderrf  j 
not  tu  exov(*l  the  qsootity  lost  hy  pulmunary  nnd  ciitBnoint  fihalAtion.  nnd  diBehu'gcd  ia  ] 
the  ffuCAl  evacqatiiJOh. 

F  Prof.  DungLJsi>u'8  "  Human  rhjaiologf , "  7lh  elit.  vol.  i.  p.  688. 
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reawn  why  aii  uiiinal  should  not  derive  support  from  its  own  dead  [lUi 
thftu  from  the  dead  body  of  another  individual.      Whilst,  thwrefom  ll 

mfttler  which  has  undoi^oue  too  com]ikite  u  dlaiategrntioii  tu  l>e  ofpi 
em|iloyed  n*  uutrifut  materiid,  is  Ciinied-off  hy  tlie  eici'etiug  [irucnsii 
that  portion  which  is  cafBibie  :•(  heing  agiiiu  ftssiiujlstetl,  may  \ie  Iflln 
up  by  the  Lymphatic  system.      If  this  bo  thf  case,  we  may  say  with  V 
Prout,  that  "a  sort  of  digestion  is  ciirriod-on  in  all  parts  of  the  biniy."- 
it  miiy  bo  stated,  then,  us  a  gent-iiil  proposition,  thut  thu  funotiim  of  tl 
Absorbent  System  13  to  tako-up,  and  to  convey  into  the  Circtditlin 
apparatus,  such  siilistances  as  are  capable  of  ap[>rupi'iatioii  to  tiii'  iitdrilii 
process;  whether  these  Hubstanoes  be  directly  furnished  by  tin-  exUnU 
world,  or  be  derived  from  the  disijitegratiun  of  tlie  organism  itei'If.     W 
have  seen  that,  in  the  Jjicteals,  the  selecting  power  is  suoli,  ihat  iba 
TBSsels  are  not  disposed  to  convey  into  tlie  system  any  aubstftnas  bu 
such  OS  are  destined  for  this  jmrpose;  and  that  eitruueous  mntt«rs  ir 
absi<rbed  in  preference  by  the  mesenteric  Blood-vessels.       The  ciiae  i 
diflui-ent,  however,  with  regard  to  the  Lymphatics;  for  there  is  I'eaaontl 
believe  that  tbey  are  more  disposed  than  the  venous  capillaries,  to  thi 
»lis<irptiou  of  other  soluble  matters,  espi'ciidly  when  these  an-  liroiigb 
into  relation  with  the  Skin,  through  whieli  the  lymphatic  vu^si'ls 
very  profusely  dktiibuted. 


u>ls  v^ 


3. — 0/llte  ElubQrat'wn  of  tlie  Nutrient.  Matfrials. — Sanffutfieatv 

132.  The  alimentary  subatftuees,  taken-up  by  the  Blood -I'essels  «lii 
Absorbeubi,  setm  vury  fur  from  being  capable  of  isiiucdiatc  ai'plIaititH 
to  the  nutrition  of  tlio  body ;  liir  we  find  that  they  are  not  e-oaveyod  b; 
any  means  directly  into  the  circulating  cuirent,  but  that  those  wliicli  elilu 
the  Liastro-intestinal  veins  are  aubtuitted  1^  tbe  operation  of  the  Livei 
whilst  those  which  ai-e  received  into  the  Lacteala  are  subjected  to  it  kini 
of  glandular  action  within  their  own  Bystem  ;  the  newly-absorbed  mute 
rials  in  both  cases  undergoLtig  contfiderable  chungea,  which  tcud  to  lud 
milate  them  to  the  comiKinents  of  the  Blood. — It  will  he  iveollected  tluv 
all  the  veins  which  return  the  blood  from  the  ciipillaries  of  the  gosbo 
intestinal  caual,  converge  into  the  jmrkd  tnink,  which  disti'ibutes  thii 
blood,  charged  with  the  newly-absorbed  materials,  through  the  cupillat] 
^tem  of  the  Liver.  The  agency  uf  this  glimd  was  formerly  supj.">8ed  W 
be  limited  to  the  elimination,  from  the  blood  subjected  to  its  iidliienc^ 
of  the  materials  of  tlie  biliary  secretion ;  but  thei-e  is  now  evidence  tlial 
the  blood  itsi'lf  is  changeil  by  its  means,  in  a  manner  which  indicat<w  an 
ansimilaliiig  aa  well  aa  a  depurntiiLy  action.  The  blooil  which  comes  ta 
the  Liver  from  the  alimentary  canal,  is  charged  with  alburuinous  miitltll 
Ul  a  state  different  from  that  of  the  albumen  of  f>erfei;t  blood  (§  183) 
and  the  assimilation  of  this  would  appear,  from  the  oliservations  mu 
experiments  of  M.  CI.  Bernard  (§  1 85),  to  he  one  of  the  most  imjmrtnnt 
fanctions  of  the  liver.  For  lie  found  that  whilst  a  solution  of  egg-albiuaei 
injected  into  the  jugular  vein,  speedily  occasioned  a  transudation 
ftlbunieo  into  the  urine,  no  audi  tratisii elation  occurred  when  a  simil. 
solution  was  injected  int<)  the  vena  jjortie ;  so  that  the  iilbuiiieu  m 
have  undergone  some  <!hau[;e  in  [laasinjj;  tlirough  the  Liver,  which  reude; 
it  no  longer  a  foreign  ingredient  in  tho  blood.  So,  again,  the  saccluu-ini 
matters  which  are  brought  to  the  Iiiver  in  the  condition  of  grape-suj^ 
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vhioh  joins  the  mesontfiTy. 


Fia.  31. 
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PartioiiofihpiiitipijiiB»urri(.T"fTiiflriii'>riiwHuTnKi 


Each  '  Peyerian  gland,"  in  a  lioalthy  miioOT 

inemhi'ani!,  pri'Siints  ihi-  Hppoiu 
ttncefifBcirculitr  whit*,  slightly 
ruiaod  spot,  about  it  line  in  ilia 
meter,  over  which   the    meoi 
hrane  is  usiiiilly  less  l)e5et  witl 
villi,  aaid  is  very  olWn  CDtirel; 
tlcatitutc  of  them;  uud  it  issur 
niundcd  by  n  ring  of  ojit-niuga 
which  are  the  orifiiies  of  a  scl 
of  cncal  follicles  disposed  in  i 
Mine  around  it  (Fig.  21).     Th« 
'  Peyerian  patches'  (Fig.  32)  pr» 
aont  aggregiitioiia  of  these  spots, 
vmying  in    Dumber  from  two 
tipwarJa,  but  every  one  of  their 
individuftl   comiwnents   having 
precisely  the  Btime  stnietunj  ts 
the  solitary  glimd.  ThiBapp<«ra, 
trom  the  recent   researches  ol 
Briicke,  Kolliker,  unil  otbnsj 
not  to  he  (as  formerly  supjioaed) 
a  proper  gland-veside  whose  contents  are  auri-ouuded   by  a  limiuryi 
membnuie ;  but  to  be  a  sort  of  capsule,  whose  waUs  arc  composed  of  iu' 

distiuctly-fi  brill  ated  con- 
Pio,  22.  nertive  tissue   with  in 

tersperseJ     nuclei,    and 
whose  contents  arc  tbua 
but  imperfectly  ditftirea- 
tiated   from   the   tissues 
in  which    the    gland   is 
imbedded.      These   con- 
tents are  niadc-np  of  « 
gi-anular  '  plasma,'  con- 
taining  fatty  and  alba 
minouB     molecules     ol 
varioua   sizes,   with    nu- 
clear particles,  and  a  fe 
ecl!3(Fig.23);aItogethi 
presenting  an  appeoran 
of  being  the  seat  of 
changes   of    progreasi' 
metamorphosis.        Eacl 
capsule  is  surrounded  by! 
aclosevascular  network;' 
and  according  to  the  observations  of  Frei,  which  have  been  confli'med  by 
Kiiiliker,*  capillary  vessels  jwiss  freely  into  the  midst  of  its  conUints,  and 
then  return  by  loops,  as  shown  in  Fig.  34.     That  these  bodies  are  a)>peii- 
dages  to  the  Lacteai  system,  apf>ears  not  only  from  theirpeouliar  poution, 


1,  pDrtJaDork  pKtoh  of  P^miM  r7^^^  from  the  Qeomor 
UlH  Pif.  na  lOBIi  fVnni  Iho  deep  aiufiuv,  Ihe  ftprf^ia,  tniiJiculnr.  and 

■od  fmpl J,  the  pUDr  I'tosed  bud  full ;  idb^^AaI  i  ilijimetera : — 
■  p  \-witt  if  IhoBi^  vnicl^,  tinned  IViti^i  Ihf  initisr  aiLrfiui-  of  the  IdIoi. 
lini',  4jnr  of  th«D  dosod  and  l\ill,  Ib.^  oLhar  open  oud  emplv,  irilb 
v^Ui  iknd  Aif^turea  of  mucfuo  IVillJc]«9  in  tboir  ucighLouTliDod ; 
nugDiiied  Ifi  duuneten. 


•  "  Mikroskniiische  Anatoroio,"  h»nd  ii.,  \  171. 


OP  AEBOHPTIOS  ARD  BAKHttlFHJATlOII. 


tigatiotlB  of  Briicke  (loc.  cit.).  KolUker,*  aud  othei's,  tsoch  iibsorbent  gland 
ia  «»clo*ed  bv  a  sbeatli  ur  ciijaulu  of  filiroua  tismie,  wlLii;li  semla  inwards 
K  large  TiuniV>er  of  tliic  liiuiullw,  so  dixposuil  nnd  rronuectcil  together, 
as  to  ci.mstitiite  a  tolerably  regular  ui't'iilutetl  framework  perviidinK  the 
entire  gland  (Fig.  25.  a).     Tlie  rounded  '  alveoli'  thus  foiined  (Pig.  25,  b),J 


Pio.  25. 


Sn-doD  uT  inyAfiAu'ir  Bland,  uliowjnjicj  a,  thi- 
flhroui  tiumr  nhioh  Tnmti  (tj  «leriori  A  ti,  aa. 

tbit  AiirracD;  f/i/,  tninlli't  klvrnli  nrtbe  tnli^riar; 


SoctlnD  of  line  of  Lta?  nli'Aili  .rf  i 

&,  ^rolnntpfetion*  (Wim  ITiiii,  iiLt 
ami  «ijlhtitkiliiiG Ibi* ^FQTi^  raiitr:  cf, 
Dui^li^  uf  Uie  illpre.<vl& ;  J,  H-par»t^  flbrp- 


are  filled  with  a  greyish-white  pulp,  which  agrees  in  all  it«  chnracteTS  V 
with   that   of   the   Pfyeriaii   bodies,   aud  which   is   penetrat«l,   like  tha 
latter,  by  n   fine   capillary   plexus.     Tlie,se   'alveoH'  st^m   to  be  in  free  _ 
uommunicntion  botli  with   the   ivwi   njfhrentia   and  the  vaea  ejfergnlia;m 
aud  the  finid  brought  to  the  glauds  by  the  foimer,  must  traverse  their  ■ 
puip,  before  finding  its  way  into  the  latter.     The  large  increase  which  is 
obaervfible  iu  the  cori)usele8  fl<]ating  in  the  chyle  of  tlie  effen-nt  lao(«ili, 
aa  compared  with  that  of  the  afferent,  and  the  cloae  reBeiablanct'  whioh 
they  bear  to  the  cor|)UsclcB  of  the  mesenteric  gliiudB,  leaves  it  scarcely 
doubtful   that  they  are  partly  derived  from  those  bodiea.      Neither  the 
Absorbeut  nor  the  Peyerian  glands,  however,  are  to  be  regarded  in  any 


WLener  Akwl.,"  Dts.  iii!i2,  Jim.  ]S5:<,  and  March.  IS.^3.  Soe  also  BrucL,  in  "  Sieluti! 
Vid  Ki^llik^r'a  j^eiWlirifL.'' ApriJ.  1853.  Their  rcfiU]t«  npi-enr  to  pruve  i]uitfl  ourtoltuavcJjF. 
that  the  Peymwi  glniululiv  nre  reallj  nppcndajres  to  the  Alwurlienl  ajHttm,  ooni!«|Hindiiig 
ID  eier;  respect,  wiie  tlidr  Hitiiftlion,  t<>  tJic  muieDtcriii  nml  lymphHtk-  i^luuilr ;  and  heoBt 
thAt  iJifiir  vpta  or  rtUu'nl^Lr  mmlitjoD.  whkli  hjta  b04!n  so  fr^nfiDtfy  muL-nilii  tm  Ut  ht.n 
bevQ  regiLrdt-d  bj  Profi*.  RraDw;  aud  ALleu  Thouuon  u  n  Domuil  utago  rti  tht'ir  history  (wet 
egpeciiiiljr  the  Mumoir  Uy  the  latter  in  ' '  Qc«Ml>ir'B  Annala  uf  Arnitomj  and  Phjaology," 
Nil.  i),  huK  Dot.  ihu  HiguilicfiUoii  r>ruitirly  aCtJicheJ  to  it.  In  Dr.  A.  ThumitDti'B  obwrv»tjon% 
which  u  trn?  clutrlly  mnde  on  the  Pig.  twijie  piitcl^eA  prflnealed  DoopcningK,  in  others  almosl  ftU 
thi<  Tegiolia  won  oi>su  and  empty,  whilo  in  a  third  fid  open  (uid  ftiweii  veai^tedi  wcrv  Foond 
irrcKularlj  mingled  in  the  niimt  paloh  (Pie».  3-,  '23) :  ftnrl  thii  Anlhor  luis  hinineir  fre> 
quvntl;  met  witlj  the  rolIiE:1eti  iu  the  >>|ien  cnodilion.  in  cbwh  in  whirh  there  wm  nn  npiwu- 
aiirt?  of  lUdcftnu,  It  rvruftiDH  an  n  point  for  inqoirj,  therbfore,  whether  there  is  not  a  eon> 
tlniutl  Jyinii.iiHiiy  And  new  proilDCtinn  of  thaw  lio'lies;  n  h^potheun  which  would  in  ««m* 
dogreo  ivtimnl  for  the  reumrluihle  viirieti.'  in  thi'ir  numlwr  and  tent,  whieh  prasuiU  ila^ 
ill  iliSerFUl  iudividutihi. 

*  "  Miknifikopiiche  Anatomic,"  band  ii.  S  250. 
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from  those  of  the  fluid  di-at  absorbed  into  the  LoiCte&h ;  for  di 
pasBagB  through  these  vessels  and  the  Mesentoric  glaoda,  it  u 
important  alt^ratious,  wliieli  graduiilly  (ussirnilato  it  to  Blood-  Thed 
drawn  tront  tlie  lactcnla  thiit  traverse  the  Intestincd  w.iJIii,  contains  Al 
Dieu  in  a.  state  of  complete  solution  ;  but  it  is  geae.rally  destitute  of  ^ 
power  of  coagulation,  no  Fibiine  being  present  in  it.  The  Salti,  ■ 
ore  completely  dissolved ;  but  the  ODy  nmtter  presents  itself  iu  the  ft 
of  globules  of  vfirinble  size.*  It  id  generally  nuppotu.'d,  that  the  mi 
colour  of  the  chyle  ia  owing  to  these ;  but  Mr.  Gulliver  hits  jwintcd  a\ 
thnt  it  is  really  due  to  an  immense  multitude  of  far  mori"  minute  p 
tides,  which  he  describes  as  forming  tlie  tiuAeciiinr  hum  of  the  ch] 
These  molecules  ai-e  most  abundant  in  rich,  milky,  opaque  chyle;  whi 
in  poorer  chyle,  which  is  somi-tmnspai-ent,  or  opaline,  the  paiticles  ffl^ 
thiuly  or  separately  in  the  transjiarent  fluid,  and  often  exhibit  the  ri^ 
motions  common  to  the  most  minute  molecules  uf  various  subaUna 
Such  is  theii'  minuteness,  that,  even  with  the  best  iiiatriimeuts,  it  la  ii 
possible  to  form  an  exact  appi"eciation  either  of  their  form  or  tbl 
dimeiiBions-  They  si'em,  however,  to  be  generally  H]iherical ;  and  Ih 
diameter  may  be  estimated  at  between  l-38,000th  and  l-24,000th  of 
inch.  Tlioiigh  remarkable  for  theu-  uuchangcablenf^s,  when  subjected 
the  action  of  numei-ous  ro-agenta  wliicli  quickly  affect  the  projior  Clj 
corpuacies.  they  are  readily  soluble  in  ether,  the  addition  of  which  cmi 
the  whole  molecular  base  instantly  to  disappear,  not  a  particle  of 
remaining;  whence  it  may  be  inferred  that  they  conmst  of  oily  or  &I 
matter.  That  they  do  not  ordinarily  tend  to  coalesce,  is  probably  due 
the  coating  of  albumen  which  they  obtain  through  their  diffusion  in 
albuminous  fluid;  if,  however,  this  be  dissolved  by  acetic  acid,  or  CTeo 
the  addition  of  water,  mauy  of  the  molecules  are  lost-si ght-of,  and  ( 
drops  appear  in  their  place.  The  milky  colour  which  the  Scrum  of  bio 
sometimes  exliiiuts  in  healthy  subjects  (§  177),  is  due  to  an  admixtoie 
this  molecular  base  with  the  circulating  fluid. 

136.  During  the  passage  of  the  Chyle  through  the  absorbents  on 
intestinal  etlge  of  the  mesentery,  towards  the  Mesenteric  Glands,  its  d 
racter  changes  in  several  important  particulars.  The  presence  of  Fihi 
begins  to  manifest  itself,  liy  the  slight  coagulability  of  the  fluid  wh 
withdiTiwu  from  the  vessels;  and  o.  few  Chyle-corpusclefl  make 
appearance.  The  diameter  of  these  bodies  varies  from  l-7110th 
l-2C00th  of  an  inch:  the  average  being  about  l-4C00th.  The  smal 
among  them  (Fig-  20,  b,  c)  seom  to  be  in  the  condition  of  nuclei ;  in  t! 
a  little  larger,  {d,  e)  the  cell-wall  is  beginning  to  be  differentiated 
the  nucleus ;  whilst  in  those  of  greatest  diameter  (/  17,  A,  t),  the  cell' 
character  is  very  distinct,  and  the  nucleus  may  be  plainly  seen  in 
interior,  especially  aiT:er  the  addition  of  a  little  water  or  acetic 
They  ocuaaioually  exliibit  curious  changes  of  form  (re,  o) ;  in  this  r«s| 
corresponding  with  the  Colourless  corpuscles  of  the  blood  (§  1 64),  wl 
ore  probably  the  same  bodies  in  a  more  advanced  atage.  A  great 


*  Tbeac  uilj  glnbulos  arc  more  ahuudnnt  iu  the  Chjic  of  Mna  and  of  the  CDinii* 
Ihhan  ih  that  of  the  HerhiTora;  tlieir  diameter  hoa  been  obBorvei)  to  wry  Atuti  ]-25,U 
to  I-2aOUtli  of  on  inch. 

t  "  Uerber'n  Ueneral  ADatomy,"  AppeuJli,  p.  88  ;  nnd   "  Hew«m's  Works"  (Sy 
ham  SDCietjr'B  Kditiun),  tiotCH  (o  pp.  82-88. 
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Other  instances  none  can  be  discovereiL     Lymph  i-oai^'iilates  like  chyle 
a  ctrlourless  clot   buiu;^   formed,  wliich  iuclosi-s  the  greater  [jart  of  tl 
Corjuist'lefi. 

138.  Tlie  fluid  di'awii  from  the  Thoracic  Duct,  consisting  as  it  does 
an  adiiiixtiii'e  of  Chyle  and  Lymph,  will  probably  vnry  in  its  c 
mid  compcwitiou,  according  to  the  prodoiniuancc  of  the  lortner,  or  of  tl 
latter,  of  these  couatitiienta — From  the obseriationa  made  by  Bidder ani 
Schmidt,*  on  the  quantity  of  fliiid  diachnt^ed  fi-om  the  thonu^ic  ducts 
dogH  and   cats  immediately  after  death,  it   is  infeiTcd  by  them  that  t! 
total  amount  of  mingled  lymph  and  chyle  which  is  daily  ]tomvJ  into 
Subclavian  vein  of  Man,  is  no  less  thou  28J  lbs.,  or  fnlly  as  much  as 
entire  muss  of  the  lilood, — its  solid  constituent*,  however,  ]iv'iai'  not  ibi 
than  from   onH-foiu*th  to  one-third  the  amount  contained   in  the  bloi 
Of  the  whole  tjiiantity  thus  discharged,  it  is  estimated  that  only  aboitl 
6J  lbs.  would  he  Chyle  derived   from   ingested  aliirieut;  the   rcnuiiudi 
being  Lymph,  which  has  passed-out  of  the  blood-curront  in  the  courae 
its  circuliitiou,  only  to  be  returTie<J  to  it  again. 

IS'.).   The  movement  of  the  duicls  takcu-up  by  the  Absorbent  n 
seems   to  depend  ujmmi  a  combination  of  different  agenciis.      The  lowi 
Vertehrata  arc  provided  with  'lymphatic  heiu-ts,'  oi'  jiuhiatile  cavities, 
which  imijortant  assistance  is  given  in  the  onward  flow;  but  no  such  u 
is  afforded  in  Man  or  in  the  Mammalia;  yet  it  is  obvious  that  a  coi 
derahle  viti  a  tfrgo  must  exist,  since,  if  tho  thoracic  duet  Ije  tied,  it  u 
Bjteedily  distended  below  the  ligature,  even  to  bursting.     The  A>iaorbeni 
VBSseb,  like  the  veinH,  have  a  fibrous  coat,  into  wliich  the  muscular  fib: 
cells  enter  largely,  and  which   is  therefore  contractile;  and  it  has 
found  by  I'rof.  Kiilliker,  that  when  the  wire  of  an  eloctro-nmgnetic  ai 
ratos  wai  ajjplied  to  some  well-filled  lymphatics  on   the  skin  of  a  boy'i 
toot.  Boon  after  tJie  removal  of  the  leg  hy  amputation,  the  stimulus 
sioncd  a  diminution  in  their  diameter  hy  at  least  one-half,  and  this  ni 
suddenly,   hnt  in  tho  course  of  between  hali'  a  minute  and  a  minule.'fi 
The  same  excellent  anatomist  has  observed  that  the  lymphatic  vessels  in 
the  tail  >.if  a  Tadpole  empty  themselves  by  coDtraetion  after  death,  and 
then  dilate   ngain   to  their  former  size,  just  as  the  smaller  arteries  do; 
imder  the  like  circumstances; J  and  this  fact  is  in  accordance  with 
emptiness  of  the  Absorbent  systom,  which  usually  presente  itself  in  Man 
Dome  little  time  after  death.   Hence  it  seems  probable  that  a  regular  pro- 
pulsion of  their  contents  during  life,  may  l)o  effeotoil  by  alternate  coutnu- 
tionn  and  dilatations  of  successive  portions  of  the  vi^asels,  slowly  repented' 
at  intervals.^ — Tliero  are,  however,  certain  auxiliary  foi-ces.     For,  in 
lirat  place,  a,  jiart  of  the  movement  may  bo  attributed  to  the  i'i»  a  Uryo, 
which  is  produced  by  the  continual  introduction   of  fresh   fluid  into  tb9 

•  "  Venluounp'-BilftB  oo.l  8l«ffwBchsel,"  gS  221,  285. 

t  "  Krtllikur  Binl  Sicbolii'n  ZtiUi-Lrift,"  ISiS, 

J  '■  Anunlw  ciea  ScieuceH  NnturellpH,"  IMidv  Sir.,   Zool.,  Uiui.  »i,  p.  B9, 

t  A  re^loT  iliythmi»il  luovvDit^ut  uf  tlio  miu  of  the  Bat's  ving,  obtiouslf  xiuuincd 
by  tlif^ir  iQiic})viiilvDt  contnu.'tility.  him  tiLvn  ohficrved  by  Mr.  WhiLTtiiD  Jones  ^"  niiLwJ-^ 
phics]  TmnsKiliuiis, "  ISS2,  p.  l.'jl).  The  ciialeiK*  of  Bui-h  .i  morv input  id  tht-  Vtiina  uf 
■  jBrt,  us  Bd  umiliirj  |irojjiilsive  fotw,  obvitmnly  stti'ngthena  tin;  pMlialiilily  nf  its  "«ur- 
niuw  in  tho  Lymplislicji,  oa  the  pnodpAj  ji[>-|h?I]jiijj;  pi^wer,  whora  qo  ceotrxl  impaluTt 
argu  exJsW;  JuhL  hs  u  like  ni'ivement  \v  seen  ia  the  bl^HHl.reAaelH  of  such  oftbe  lover  la- 
nrt«bnU  »  hire  nu  heart. 
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Iftting  current  any  Hubatuncea  which  thej  muy  withdraw  from  it;  audi 
there  seeios  adequate  groiuid,  tbercfoi'c,  for  the  coiiclutiiou,  th&t  thel 
aotioii,  whatever  it  may  be,  is  subsidiary  to  the  completion  of  the  proceM 
of  Sanguilicatton, — being  oxei-cised,  jwrliaps,  upon  that  jjortion  of  thai 
nutrient  materials  more  especially,  which  did  not  traverse  the  Absorbent ' 
syateni  when  first  introduced,  but  which  was  directly  taken-up  by  thai 
Blood- veaaels.  The  organs  in  question  are  the  Spleen,  and  thu  Thymu%j 
Thyroid,  and  Su|)ra-renal  bodies.  Of  these,  the  Spleen  deservee  especial) 
notice,  on  account  of  its  size  luid  its  obvious  fuiictioual  importance  in  th»  I 
adult;  the  others  appearing  to  minister  more  particularly  to  the  requixe-l 
meats  of  the  system  at  the  earlier  periods  of  life. 

142.  The  minute  structure  of  the  A^/eeH  has  recently  been  made  th 
subject  of  careful  i-eaoarch  by  many  escellent  Microscopic  obscrven^ 
more  especially  by  Prof.  Kiilliier,*  Dr.  Sandera.t  Mr.  Whaiton  Jonea,; 
Mr.  Hu3Jey,§  and  Mr.  Gmy;  ||  and,  for  the  lower  Vertchrata  in  parti- 
cular, by  Reinak,^  andLeydig."*  The  following  are  the  inost  important 
points  which  may  be  considered  to  have  been  established  by  their 
labours. 

L   The  jUrrous  coat  in  Man  is  composed  of  white  fibrous  tissue, 
an  intermixture  of  yellow  or  elastic  fibres;  in  many  of  the  lower  ani' 
mala,  however,  it  contains  non-atriated  muscular  fibres,  composed 
fusiform  tibre-colle.     The  trabecalar  Iwrnie  consists  of  bauds  and  t 
of  libroua  tissue,  which  arise   from  the   inner  smface  of  the  fib 
onvelo[)e,  and  form  a  network  that  extends  through  the  entire  organ, 
becoming  connected  also  with  the  fibrous  shcatlis  of  the  vessels  which 
penetrate  it.      These  bands  are  partly  muscular   iu   the  animals  wluch 
have  muscular  fibres  in  the  estemal  envelope ;  but  elsewhere  they 
simply  fibrous.     Tlie  spaces  left  by  their  iuterseotiou,  which  ai-e  by 
means  regular  as  to  cither  form  or  size,  are  oooupied  by  the  splenic  oor-. 
puscles  and  splenic  parenchyma. 

II.  Of  the  Arlerien  of  the  Hpleen,  it  is  chiefly  to  be  obsen-ed  that  their 
branches  fomi  no  anastomoses,  but  sulxlivide  and  ramify  like  the  branches 
of  a  tree,  with  the  Malpigluftii  corpuscles  attached  to  them  as  fruit, 
(Fig.  27).     Beyond  their  connection  with  these,  however,  they  enter  ths 
general  mass  of  the  splenic  parenchyma;  and  here  each  twig  subdivides 
into  a  tuft  of  arterioles  still  more  minute,  which  again  subdivide  into 
the  true  capillaries. — The   CajrUlarifv,  bounded  only  by  their  veiy 
walls,  pass   in  every  ilirection    through   the  apleen-pulp,  both   in 
genem!  uiaaa  of  the  organ,  and  also  in  the  interior  of  the  Malpigh 
corfiuscles.     But  it  is  affiimcd  by  Mr.  Gray,  that  in  the  Spleen  of  Maa 
and  of  many  other  animals,  the  walla  of  the  capillaries  frequently  dis- 
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*  "Cyelop»di»  of  Anntoin)' anJ  I'LyuioIogy,"  vol.  i*.,  Art.  'Sjileon;'  aod  "HI 
kopbiche  Auatomie."  Unci  ii.  §g  183-189. 

t  "GtwdMr'B  Aonslii  of  Ajialomy  and  Phyriology,"  No.  1;    and  "  Edinb.  Ucn' 
Joanwl,"  MBrch.  1852.  p.  29H. 

I  •■Brit,  and  For.  Mod.-Oiir.  Rpriew,"  vol.  li.  p.  32. 

S  "  l^nnrterlir  Jniimsl  of  Miimm-iipiml  Science,"   coL  ii.  p.  74;  and  Tmulatioo 
Eblliker'ii  "Mfumnl  uf  Hnauui  UisUilogj"  (SydenhtUD  SuiHety),  toI.  ii.  |i.  144. 

U   "On  theStrnctorennd  Tre  of  the  Spleen"  iA»tley-Oou|icr-Pri«o  Eraajr,  1854), 

T!  ■  Deber  rnnde  Blnt-gerinnxJ  und  fiW  Pigmeul-kuEeihaltigp  Zfllm,'  in   "  HU]I< 
AreMi.."  1862. 

••  "  AnBloniijKho-Hi»tologi»che  CnlurBuchungon  tiher  PUolie  und  RoplJliBii,"  1868. 
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greatest  in  liLiiltliy  well-fed  iminials,  wliilst  in   tlione  lliiit  have  liofll 
feil  they  (liniiiiiKli  extn-mcly,  and  in  tliose  that  liave  bitni  stwrvol 
cliMiippe.-ir  altoj^etlier.     Hence  it  baa  lia[i})etie(l  that  their  (-itiBteBoe  iQ 
Humaii  spL-cies  Liis  been  duoietl;  the  opportiimty  of  exmniuing  suV>j 
not  reduced  by  previous  ahntineuce,  being  one  thut  conijiaiatively  sel 
ooours.      There  is  uo   doubt,  however,  of  their  uoiiniil    prwtwice  in 
spleen  of  Maa.  as   in   that   uf  other   Maniraalia- — Diffuaed   ttmidsl 
colourless  pftreuohymn,  but  in  very  variable  amount,  coltiur'd  culla 
ibund,  some  of  which   are    iinclianged   biood-corpuaeles,  whilst  oil 
appear  to  be  blood-diacs  iu  varioua  sLTges  of  i-etr-jgrade  nietaiiiuqiht 
giTidually  diuiinishiDg  in  sizt",  aud  assuming  a  go! deii -yellow,  browTi 
red,  or  even  blackish  colour,  or  haWng  the  pi gnieiitarj' matter  I'ly.-ilnlli 
in  a  rod-like  form  in  their  intei'ior  (Fig.  3*)  ;  or,  agaiuj  brenkiuy-ui)  i 
detacht'd   pigmont-)(r!iiiuli;fl,      Ocoaaiouiilly   {tho\i),'h    very   mrely  in 
Human  subject)  little  clusters  of  thesQ  degenerating  blixtd-<-iirpUBcl«» 
foumi  included   in  a  vcsiuular  envelope.     All   these  bodii'S  arv  fcwm 
the  blood  of  the  ypleuii;  vein;  and  it  has  been  hence  concluded  by  Ml 
that  they  do  not  constitute  normiil  niements  of  the  Splenic  purelichyl 
hut  that  thoy  arc  either  contained  in  its  capillaries,  or,  iC  actually  diffni 
through  tho  jiulp,  are  bo  as  a  result  of  au  abnormal  extra  vacation.  Th 
conHieting  views  may  be  reconciled,  if,  as  stated  by  Mr.  (Jriiy,  thi-  bjJ« 
blood,  iu  its  p;ui9age  from   the  arteries  to  tlio  veins,  nuriiiHlly  mca] 
from  the  walled   vessels   into  iudetinite  channels,  so  that  its  curiiuac 
may  Ijecome  diffused  through  the  pai'eiichyma  witliout  any  ilejiaiturr  fn 
its  regular  oouree;    and    it   ia   a  conlirniatiou  of  this   liew,  that  t 
amount  of  coloured  corpuscles  in  the   spleen-pulp  augments    with  \ 
general   turgeaceuce   of  the   vascular  system,  and   diminishes   with  t 
poverty  of  the  blood,  so  that,  iu  animals  reduced  by  ill-feeding,  it  dial 
pears  altogether."  I 

IV.  The  LyDij'fMtics  of  the  Spleen  are  few  and  inconsiderable  in  H4 
being  loHS  numerous  than  in  otherglaiidular  organs,  such  on  the  liver  tij 
kidneys.  In  some  of  the  lower  animals,  tiiey  are  more  abundant; 
even  hero  tliey  are  mostly  superficial,  and  soaroely  penetrate  to  the  in' 
(jf  the  orgtm. 

V.  The  ^'eriKs  of  the  Spleen  are  apparimtly  very  large  insotiieiini: 
esipecially  iii  the  Ruminants;  but  the  great  sine  of  their  trunks 
branchea  ia  chiefly  due  to  the  large  proportion  of  ordinary  libroiis  tin 
which  enters  them ;  the  number  of  real  nen-e-fihres  being  extranu 
small,  t 

*  Thiit  Ibe  RoJunred  pmlioo  of  the  Kp]«en-pulp  conNiflU  entinjlj  of  rc^  hliiod-cnrpiifl 
in  vnrious  stages  of  cieaofierBtiou,  i*  a  cioBtriue  first  ailviiiueil  lij  KriUikfT,  nnil  mnitl 
more  eBpecisIl;  by  (fny.  Ou  tlic  nther  band,  it  in  nuuntnined  >i<r  Rei»nk  that 
oalonmd  coniUKles  are  trao  pigmeDt-pells,  huTiDg  no  relution  to  blood-din^,  bot  altogit 
nui  ym^is.  Tbe  (fn^ndDil  onquiriofi  of  Mr.  Uniy,  wbo  hns  tTBctd  the  m^tamorpkif  pm 
[n  n  great  vrLrietj  of  niiim.'ilti,  seem  W  tbe  AutltL>r  W>  lenvo  little  doubt  of  the  A^rrwn 
of  Ihu  former  view,  th«iii;h  projier  fiipuiiDt-Ltllfi  omj  nlsu  e^tiBt;  luid  it  \s  nn  iiil»n«( 
eoDfinnnlioii  of  Mr.  R.'k  (ictuunt  uf  tlie  iiiiida  of  ilcnvsitiou  of  the  coionred  elemeiilJi  fi 
tbe  bliriMJ  rirruJatmg  thnjogb  tbe  pptL-en-pi^tp,  that  iu  those  Auiaiala  ia  wltirb  he  findv 
oftpillaiy  network  in  tbe  qul)Stanee  of  the  Bpleen  to  be  clavd  thron^boDtt  thoT^ 
roloarrd  rorpnacUji  in  tlie  jiareDohyiua. 

+  A  coinpreheriBive  view  of  tbe  eiuKvitiiil  nnture  of  the  Spleen,  bsHVl  U[«n  thn 
of  atructnre  which  it  jireutotB  in  difiVront  uninllll^  niiors  that,  ns  Remnk  urgw,  we  ahi 
regtu^l  it  a«  funaed  of  t&o  prindjjal  conatitiionl*^ ;  t!ie  fint  being  it«  pnroijeb7niAt<)Ut 
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leave  ft  soriea  of  oval  spaces,  lying  end  to  eml;*  H'hic'h  spBcea  aro 
with  a  finely- granular  plasma,  coutaining  a  large  umouiit  of  fat-' 
with   nuclear  corpuaclea,    atid    more   or   less   cora|ilete!y  -  foi-med   cdl 
Isolated  cells  of  a  larger  size  are  found  in  the  stroma  nf  the  inner  ptu 

of  the  cortes,  in  which  the  linearly-arranged  spaces  do  not  exist Th 

medullary  substance  consists  of  a  basis  of  librous  tissue,  whieli  is  forma 
by  proccBBeB  that  come-off  from  the  sheath  of  the  cortical  substance,  aa 
which  contains  numerous  blood-vessels  and  nerves.  The  interspaces  of  thi 
tissue,  however,  are  occupied  by  a  granular  plasma,  in  whieb  tire  nucU 
and  cells  in  various  stages  of  development;  and  the  recent  observatioil 
of  Kolliker  npon  the  nature  of  these  cells,  which  are  confirmed  by  tq 
researches  of  Leydig  (Op.  ciL)  u]M>n  the  corresponding  organs  in  lb 
Amphibia,  seem  to  indicate  that  they  are  really  ganglionic  in  their  "'"'■ 
racter.  It  had  been  previously  remarked  that  the  Meclnllary  sub: 
receives  a  peculiarly  large  supply  of  nerves  from  the  Syjupal 
system ;  and  it  thus  appeal:^  as  if  this  portion  of  the  organ  i»  but  little 
not  at  all  related  in  function  to  that  which  invests  it,  but  ia  reoUj 
peculiar  Syraj-athetic  ganglion.+  Both  the  cortical  and  the  mediilhu 
substances  receive  a  large  supply  of  lilood,  which  is  distributed  throuj 
a  minutely-divided  capillary  pleius;  its  meshes  being  dougnted  in  ll 
former,  and  raoi-e  rounded  in  the  latter. 

145.  The  devdopment  of  the  Supra-Renal  bodies  also  hoa  been  studle 
by  Mr.  Gray  {loc  cit).  Ho  states  that  they  arise  on  the  7th  day  i 
incubation,  aa  two  sepiLrat«  masses  of  blastema,  utuated  between  Ui 
upper  end  of  the  Wolffian  bodies  and  the  siden  of  the  aorta ;  being  tot«ll 
independent  (as  coneerna  their  developmfint)  of  those  bo<li«!  asd  of  *« 
other.  At  this  }ieriod,  their  minute  structure  bears  a  close  reeemblant 
to  that  of  the  spleen,  consisting  of  the  same  elemenbi  as  that  glan 
excepting  in  the  existence  of  more  numerous  dark  granule,i,  wliich  gi» 
to  the  organ  at  a  later  period  an  opake  and  darkly-granular  lextnrs 
and  the  general  history  foUows  a  very  similar  course ;  the  Snpra-renl 
capsules,  however,  acquiring  their  characteriatic  structure,  and  attainin 
their  largest  relative  size,  so  early  in  fcetal  lil'e,  as  to  BurjiHss  the  Kidue; 
in  dimension  up  to  the  tenth  or  twelfth  week  of  Human  embrynni 
development;  though  they  afterwai'ds  diminish  so  much,  relatively  Ui, 
the  Kidneys,  as  to  possess  in  the  adult  condition  only  l-28th  pari 
their  bulk. 

H6.  The    general    structure    of  the  T/iyinvs  Gland    may    bo 
understood  from  the  simple  form  it  presents,  when  it  ia  first  capable 
being  distingnished  in  the  embryo.     It  then  consista  of  a  single  tn' 
closed  at  both  ends,  and  filled  with  granular  matter;  and  its  subsei^ui 
development  conaiata  in  the  lateral  growth  of  branching  off-shoots 

•  This  iBtha  iusjooDt  given  bj  KUllikBr  ("  MDcroshopiwhe  Anatomie,"  §3201, 
Bdendy  eLatea  that  the  apiices  are  not  buundisi  liy  a  proper  ILiuiUrj  Ditmlinin(i,  i 
therefoTe  not  glaad'Tcaictea  na  aappoied  bj  Ecker  aud  Frcy,  wkone  viewa  <if  tliur^ 
will  be  found  in  the  Art.    '  Supra-Heoal  CapBDlee'  ip   tfae  "C7CI0P.   of 
Phy«iol.,"  vol.  iv. 

+  A  cnrioiui  observstion,  Btrikingly  confirmatory  of  this  riew  0/  tlie  pemliar 
of  the  Medullary  subsUmce  to  the  Nervoue  Sjst<in,  lias  been  recentlj  made  by  M.  Bro« 
Sequard ;  vii.,  that  iDJurioB  to  the  S|>miJ  Cord  ia  the  dorstil  region,  prmluce  DooinMi 
and    latter   it   time)    hypertrophy  of    the   Supra-Renal   oipmleB   ("(^atte   MMinl^ 
Keyr,  1,  18S2).  ' 
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and  form  a  closu  reticulation  in  the  dolicat-.'  |M:1licle  of  c-innef^ivc  tiamt 
with  which  it  is  liticul ;  from  the  sevem,!  points  nt  whii;h  the  lnhnUi 
carities  open,  numerous  visseln  arise  from  this  plcxuft  (Fig.  IHl),  passing 
iiluug  their  intenial  surface;  jinU  from  these  is  UerivcU  the  CHjiilluy 
plexus  whieli  traverses  the  substJinLf  of  each  glau'l-gninule,  but  wbioli 
does  not  pass  it»  fur  as  its  oxturual  sui'fiiw;,  rotuniiug  by  loojis  liefarp  it 
T«n.chea  its  libivjiis  envelope  Tlio  Lymphatics  of  the  livnius  iirp  Ur^J 
and  commusicute  directly  with  the  Yeun  Cuva;  but  their  iiumediuU 
councotion  with  the  cavity  of  the  Thymus  body  has  nt>t  becu  ilcmnnJ 
etntted. — Tt  hns  been  comiuoiily   stated,   that   tbe   TUymus  altitiiis  i 

greatest  development,  in  relatimi  to  thi 
rest  of  the  body,  during  the  Ijttln-  (i 
of  ftetal  life;  and  it  hns  been  coiiMiik- 
HS  an  organ  peculiarly  (•onnerte'I  with  iIm 
embryonic  condition.  But  this  inuniistakp 
for  the  greatest  activity  in  the  growth  o 
this  organ  manifests  itsL-lf.  iu  the  Huuial 
infant,  soon  after  hirth ;  and  it  is  thtty 
too,  that  iUt  fimetionul  pnet^v  setna  tin 
highest.  Tliia  rapid  stJite  of  growtlv 
however,  soon  subsides  into  one  of  I^ 
activity,  which  merely  serves  to  keep-iqi 
ita  proportion  to  the  retit  of  the  iiotiy ; 
and  iti)  increase  usually  ceases  altog<'tlicl 
at  the  age  of  about  two  years.  From 
that  tiino,  during  a.  vttriabk  imnilMr  of 
years,  it  remains  stationary  in  jioiut  of 
si»!;  but,  if  the  individual  t>e  oikiplately 
nourished,  it  gradually  assumes  tlie  cha- 
racter of  a  mass  of  fat,  by  the  ilr-velop- 
mcnt  of  the  corfiusclcs  of  ita  interior  into 
fat-cella,  which  secreto  adipose  matter  for 
the  blood.  This  change  in  its  funetimi 
is  moat  remarkable  iu  hyhernating  Mnui- 
mals;  in  which  the  development  of  ibe 
organ  continues,  even  in  an  inci'ei8«iiiB 
inhuiD.buinwbjciiiJii'iu'ei'rjnidgtmiiF)!-  ratio,  until  tne  ammaJ  rcacbce  ailulC  age, 
""'■  whoD  it  includea  a  large  tjuantity  of  Iktty 

matter.     The  same  is  the  case,  generally  speaking,  among  Iteptilca. 

147.  The  Tkf/roid  hody  differa  from  the  other  Vascular  Glands  in  It! 
elementary  structure  ;  for  it  essentially  consists  of  an  aggregation  of 
cloEHjd  vesicles  (Fig.  31,  6,6),  which  seem  to  be  furnished  with  a  true 
limitary  membrane,  and  therefore  to  be  real  gland- vesicles,  imbedded  in  k 
Btroma  (o,  a)  of  connective  tissue,  and  not  communicating  with  any  com- 
mon reservoir.  Tliese  botlies  vary  in  diameter,  in  the  Human  subject,  from 
l-2000th  to  l-85th  of  an  inch  ;  and  they  coutain  an  albuminoid  phwnia,* 
which  is  either  faintly  granular,  or  of  a  somewhat  oily  aspect,  aiiiidA 
which  are  seen  a  number  of  corpuscles,  the  greater  part  of  thuiu  in 
the  condition  of  nuclei,  whilst  some  have  advanced  to  that  of  cells.  The* 

*  Thai  the  fluid  doee  not  contain  true  AJIiuiueii  in  sulutloo.  tmt  noaiu  :i1linniiuoii»  mm- 
pounda,  IB  indicated  b;  the  resalUof  Dr.  Beale'aui&lyBisC'Cjclop.  nf  Anat.  &Dd  FhTsiol," 
vol.  IT.  p.  llDtl.) 
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serve  some  speciiil  [lurposi;  in  tlic  ecououiy,  appears  from  the  Cad  ttw 
they  are  not  carried-off  by  ilucts,  but  are  receivej  i^pin  into  the  ourrca 
of  the  oii-ciiliilion.  WitJi  the  exception  of  the  Spleen,  nil  the  dnutle) 
glands  thus  disohftrgo  their  products  at  once  into  tlie  generaJ  venous  df 
DulatioQ ;  so  that,  after  having  poaaed  through  the  lungs,  thoy  wiEl  tx 
earricd  by  the  syatemJi;  arteries  through  the  system  at  largo:  but  till 
Bplanio  vein,  it  will  be  remembered,  forms  one  of  the  roots  of  the  portk. 
tnink  ;  and  its  blood  must  thus  pass  through  the  livrr,  before  it  ent^n 
the  vena  cava.  For  this  exception,  a  i-eiison  may  probubly  be  found  u 
the  peculiar  offices  wliieh  this  organ  seeraa  to  perfonn  (§  151). 

liO.  Whatever  muteriaU.  then,  are  withdrawn  from  the  Blood  bj 
these  oi^ns,  ai'e  returned  to  it  again  in  an  altered  state;  and  it  maj 
foirly  be  inferred  from  this  circuinstanoe,  that  the  change  which  they  h*n 
uudergone  is  one  tliat  prepares  them  for  higher  uses  in  the  economy.    Foi 
as  tlie  blood  which  has  received  them  is  immediately  transuiitted  to  tlUI 
system  (except  in  the  case  of  the  splenic  blood),  without  having  pasgrd 
through  imy  other  depuniting  orgaa  than  the  lungs,  it  appcara  tiur  %i 
oonclude  that  the  products  wltich  it  hna  takcn-up  in  these  orgajis  tra 
either  eojuhmtioe  or  nutAti've,  i.  e.,  either  serve  to  maintain  the  functaona 
activity  of  the  lungs,  or  of  the  system,  or  of  the  blood  itselt     Now  th* 
they  ai-e  not  destined  to  prejuire  a  pabulum  for  respirHlion,  appears  fron 
the  very  small  quantity  of  fat  which  ia  found  in  their  substance,  eisoep 
when  their  period  of  functional  activity  has  gone-by.      On   tlie  othe 
hand,  the    album-inous  nature  of  the  plasma,  and  the   finely -gran  olft 
a[)pcarance  which  it  presents,  strongly  indicate  that  n  material  is  hen  ti 
progress  of  prej)anLtion,  which  is  to  be  rendert^l  subservient  to  the  for 
mative  operatioiia.     Various  facts  wliich  have  been  noticed  in  regitrd  U 
the  changes  ia  the  bulk  of  the  Thymus  in  yoiuigaiiimals(and  particularl; 
itd  rapid  diminution  in  over-driven  lambs,  aud  its  snlisequent  gradns 
re-distension  during  rest,  if  plentiful  nutriment  be  afforded),  kiid  to  thi 
conclusion   that  such   is  almost  undoubtedly  the  function  of  that  body 
A.nd   such  would  also   seem  to   l)e   the  Justiliablo  inference    from    tht 
researches  of  Mr,  Gray  on  the  Spleen:  for  the  correspondence  in  the 
amount  of  the  colourless  parenchyma  of  that  organ  (and  esp(»cial!y  of  iU 
Malpigliian  corpuscles)  with  the  general  state  of  nutriticm  of  the  animal, 
its  regidai'  increase  (in  woll-fed  finimals)  near  the  completion  of  the 
digestive  process,  au<l  its  gradual  diminution  in  the  subsequent  int«rv«l 
seem  to  indicate  that  the  Spleen,  like  the  Thymus  of  the  young  animil 
is  a  storehouse  of  nutritive  material,  which  may  be  drawn-upon  accoi 
ing  to  the  requirements  of  the  system,  just  as  the  fat  of  the  body  is 
storehouse  of  combustivo  substance.     And  of  the  exertion  of  an  clal 
rating  or  assimilative  action  upon  this  albuminotis  matter,  during 
withdrawal  from  the  current  of  the  circulation  in  these  organs,  we  seem 
to  have  direct  evidence,  as  regards  the  Spleen,  in  the  large  increase  of 
the   pi'ojiortioii  of  fibrin   contained  In   the  blood  drawn  trou   its  veiuti 

150.  But  finther,  it  does  not  seem  at  all  unreasonable  to  suppose 
these  organs   may  be   concerned,  equally  with  the  Absorljcnt   glands,  i 
supplying  the  germs  of  those  cells  which  are  ultimately  to  become  Bl 
corpuscles.     Such,  it  is  well  known,  was  the  doctrine  of  Hewaon'i 

*  Sea  his  Thiril  Berisa  of  "  Enperimflnlal  [nquirie*,"  Cbupa.  iu.-T. 
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uyident  that  turgeaceuce  of  the  jwrtal  system  is  liable  to  occur,  when  ft 
ftltmeiitary  cttuul  lb  distended  with  food .  and  this  from  two  cauaeit,^ — tli 
|ii'essui-e  (ID  the  intestinal  vi'ins,  and  tht-  cjuautity  of  fluid  nljsorboil  bj 
these  vnins.      Henee  it  riuiybe  conceived,  that  tbo  Sfjli'en.  by  aflbrdiogi 
reservoir  into  wliicli  tlie  snuerfluous  blood  nwy  lie  directed,  servo  m 
unportant  jiutposc  iu  ]ircvaatiiig  CDngestiou  of  otber  orgfUM.     Fntin  Hu 
uhservntioiia  of  Mr.  Dobson,*  it  ap[HArs  that  the  Spleen  has  tte  niiixUiiuu 
volume  at  the  time  when  the  {iriweHS  of  ciij'milicatiou  is  iit  an  i-iij.— 
ciamely,  about  tivt;  hours  after  foo<l  is  taken ;  and  tbut  it  is  umaM  iiuj 
coiitftinx  little  blood  seven  hours  later,  when  on  food  hiui  lieen  takmi  in 
the  iutervaL      Hence  he  infen'ed  tliat  this  organ  is  the  receptttole  for  tlu 
[Qcrooaed  rjumitity  of  LIoimI,  wliicb  the  nysteni  acijuires  ti-cmi   the  fowl, 
and  which  cannot,  without  littugcr,  be  admitted  into  the  Idood-vwacLi 
generally ;  aud  that  it  rijgaiiis  its  previoua  dirueiusioas,  after  the  voluind 
of  the  circulating  fluid  haa  been  reduced  l.iy  wccrotioii.      This  view  is  eouA 
filmed  l>y  the  fact  uoticed  by  several  observers, — that  the  Sjileeo  niiiidl/i 
increases  in  bulk  after  tlie  ingestion  of  a  large  quantity  of  fldid,  which  U^ 
absorbed  rather  by  the  Veius  than  by  the  Ijictejds.      It  has  Ijcen  I'urthen 
stated  in  snpjiort  of  this  theory,  that  nuiinals  from  wliieli  the  SjiWri  Lu 
lieen  removed,  lire  vory  Jiflblc  to  die  t>f  njiopleiy,   if  they  take  n  \nrgl 
ijuantity  of  fiwd  at  a  time;   but  that,  if  they  eat  moderately  and  &» 
i|uently,  thty  do  not  auHer  in  this  maimer.— Now  this  doctrine  dcrivM 
its  chief  supfwrt  from  ox]>erime.nt6  on  Ruminating  and  other  Hei-bivoroia 
animals,  whtwc  food  is  very  bulky,  iLnd  who  ingeat  a  largo  quantity  vif  it 
at  a  time;  and  it  is  in  them  that  the  organ  is  most  cUsteusihle,  aud  tha< 
Ihe  spleuic  vein  is  best  adapted,  by  tb«  puculiar  tlisiiosition  of  its  coat^ 
for  the  reception  of  a  very  large  amouiit  of  blood.     The  ecUaled  structun 
which  forms  a  largo  [)art  of  the  ajileen  in  these  tribes,  is  almost  wanting 
in  Man  (§  142,  li.);  and  the  fibrous  envcloije  ofhis  spleen,  with  its  trabe- 
cular   (uirtitions,    baa   very    httle    either    of   elasticity   or   contractility. 
Nevertheless,   there   is  evidence  that  n.ii  extraordinan'  accumulation  o£ 
blood  may  take  place  in  this  orfjaii,  even  in  him,  from  atiy  cause  wLicb. 
obstmcta  the  [laisagt;  of  blood  through  the  liver,  or  which  inip<.i1e8  iU 
return  to  the  heart  {m  in  A,-ij(hy3ua,  §  ^37),  or  which  oceanions  a  general 
internal   venous  conge.stion,  such   as  occurs  in  the  cold  stage  of  it]t«r- 
mitteut  fever.     The  peculiar  liability  of  the  Bplceu  to  be  distended  with 
lilood   in   this  last  condition,  is   shouii   by   its  jiermancnt  eulargi-ioeiil 
in  those  who  have  beuu  long  the  eubjccts  uf  such  couiplainta. — Tliuti  h 
iiplicars  that  the  Spleen  may  serve,  indojwndently  of  its  priniary  functioli, 
as  a  sort  of  wifety-valve  to  the  portal  circulation;  and  that  its  stniclure 
is  moat  pai-ticidai-Iy  adapted  lor  such  a  purpose  in  those  tribes  of  aiiinuds. 
wiiieh,  from  theii'  habits  of  fee<ling,  may  he  conudered  moat  specially  toj 
need  an  org:uuzation  of  this  kind.  I 

152.  There  is  strong  evidence,  moreover,  that  the  Spleen  of  Afaii,  as' 
of  a  large  projmrtion  of  Vertcbrated  animals,  ]>ei'fonn3  another  function 
connected  with  the  regulation  of  the  comjioaition  uf  the  Blood;  iiatncly, : 
that  it  promotes,  under  certain  cii-cumslances,  the  diaintegnition  of  thol 
Red  Corpuscles.  If  it  be  true  that  the  coUiared  i>ortiun  of  the  [lulp  eon- 
flials  entirely  (a.i  afiirmud  by  Kiilliker  and  Gr;iy)  of  red  lib"Ml-ei.>rpii»clM. 
ill  various  stagea  of  d^eneratiou,  which  have  escaped  fiMm  the  cliauneli. 

•   ■' Loodoa  Mcdiiail  Bmi  PbyakiJ  Juurnil. "  Oi;l:ober,  1621).  J 
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or  suspension  of  the  eliminBtmg  operations. — fiat  besides  tboa 
the  demand  occaaioned  by  the  ariistructivc  operations,  and  pre-' 
reaidta  of  the  dratructive  from  exerting  an  injurious  iutluenoe  on 
STstem,  the  Blood  acts  (so  to  epeak)  as  the  ourier  of  Oxygen  introdn 
from  the  atmoaphere,  to  the  Muscuhu*  and  Nervous  tissues,  to  iril 
peculiar  vital  activity  its  presence  appears  to  be  aii  essential  oonditJ 
the  same  element  being  also  required  in  Torioua  other  metammphl 
which  form  part  both  of  the  conatruotive  and  of  thedestn.ictiTpijpor»tic( 
whilst  conversely  it  imbibes  the  Carbonic  ucid,  which  is  one  of  the 
products  of  the  action  of  oxygen  upon  tho  tissues  and  Huida  of  tlie 
and  conveys  this  to  the  lungs  and  akin  for  elimination.  This  prodnci 
ooutinually I leing  formed  iusiichliirge  amount,  that  itspresenoeiu  the 
con  always  be  readily  demonstrated ;  and  if  its  elimination  be  ehi 
for  even  a  few  minutes,  it  accu Ululates  to  such  on  extent  as  to 
the  immediate  deatmction  of  life. — But  in  addition  to  the  HiBtogem 
materials  and  Oxygen,  on  the  one  hand,  and  the  various  jjroducta  of 
diaiutdgratiou  of  the  tisanes  on  the  other,  the  blood  contajus  those  n 
ajBotized  substances,  which  are  i-eoeived  into  it  for  the  purpose  of  suppl; 
ike  i>almium  of  the  Combuiitive  process;  and  the  union  of  their  carl 
with  oxygen  introdueed  from  the  atmosphere,  whioh  is  continually  m 
on,  becomes  an  additional  source  of  the  production  of  carhoniu  ncioa  I 
of  its  injurious  accumulation  if  ita  elunination  be  checked. 

154.  From  this  variety  in  the  oiterfttions  to  which  the  Blood  is  B 
servient,  it  natuxally  follows  that  the  changes  which  it  undergo* 
diflerent  imrts  of  its  circulation  are  of  u  very  diversified  nature,  Aud  t 
the  composition  of  the  fliUd  in  the  several  parts  of  ita  c-ourse  will  be 
from  uniform.  Between  the  blood  which  is  being  distributed  by 
systemic  Arteries  to  the  body  at  large,  and  that  which  is  being  coIInI 
trom  it  agEun  by  the  systemic  Veins,  after  having  percolated  the  tiem 
there  is  not  only  an  obvious  difference  in  hue,  which  indicates  an  imp 
tant  change,  but  there  is  also  a  considerable  ditference  in  compositil 
which  is  reveJiied  by  chemical  analysis:  and  a  difference  of  n  convii 
nature  presents  itself,  between  the  blood  that  is  on  its  way  to  be  dial 
buted  to  the  Lungs,  and  that  which  is  returning  from  theni.  So,  Hgi 
although  there  is  no  ob\'ious  dissimilarity  iu  physical  characters,  betvri 
the  blood  which  is  transmitted  to  the  Liver  by  the  vena  portae.  and 
which  is  curried-off  from  it  by  the  hepatic  vein,  yet  chemical  anaiyais 
veals  a  very  rcmarkaljle  iliffereiice  in  their  composition,  and  shows 
the  biood  of  the  ascending  vena  cava  (above  the  entrance  of  tho  he: 
vein),  that  of  the  right  cavities  of  the  heart,  and  that  of  the  pulmo 
artery,  differs  from  all  other  blood  in  the  body,  in  containing 
appreciable  quantity  of  that  [jeculiar  sugar  which  is  formed  in  ita 
thi'ough  ihe  Liver  (§  132).  In  many  other  cases,  we  know 
an  important  difference  m,wit  exist,  although  chemical  analysis  has 
yet  detected  it;  thus  the  blood  of  the  Renal  vein  must  l>e  more  free 
the  components  of  tlie  urinary  excretion,  than  that  of  the  renal  a: 
which  convpys  them  to  the  kidney;  whilst  the  blood  of  the  Systw 
veins  iu  general  must  contain  them  in  greater  amount  than  their  oo: 
ponding  arteries,  since  they  are  discharged  into  the  curi'ent  during 
passage  through  the  tissues,  of  whose  disintegration  they  are  among 
products. — In  the  account  to  be  presently  given  of  the  Blood,  tiii 
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[|iica)iitAtiuiL.   Ill  tlici  lii-at  <if  tlieiie  ciisi»,  it  ia  prultiLble)  tImL.  lus  dtNitU  i 
not  have  bL-eu   iinmetlitUe.  some!    increase    took    place   i'roiii    tin;    fluid 
of    the  body;    in    the   second,    howeviT,    the   suddennesn   of  the  dia 
char^  of  blood,  and  its  concurrence  with  the  destructiou  of  life,  mu 
have  prcvental  any  considerable  augmentation  troiu  this  aoui-ce;  ojid 
any  such  iucrou.sc  did  take  phiou,  it  probubty  did  not  cxceeil  the  amouofr^ 
of  bluod  rcmiuiiiug  uudiHcliiLrged  tu  the  vesiielH.      la  two  cases  in  which 
the    weight    of   bhjod    which    drtiined    from    the    bodies    of  dccnpitaied 
criinina.ia  was  dctemiined  by  I'rol'rs.  E.  Weber  and  Lehinann  {allowance 
^ll^ing  made  for  the  large  quantity  of  water  which  mingled  with  its  lattav  J 
porticius).  it  was  found  to  beai-  to  the  weight  of  the  boily  at  Urge  uloioat^ 
exactly  the  ratio  of  1  :  S."     Several  circumstances  load  to  the  belief  that 
this  eistimate  is  not  for  Irom  the  average ;  but  it  cannot  l>o  doubtvd  thut 
a  considerable  variation  in  the  relative  amount  of  blood  will  esiiit  auiong 
different  iniUvidTial8.t 

2.   Phynicfd,  Chemieid,  and  Structural  Characters  oftlit  Blood. 

15G.  The  Blood  as  it  flows-forth  from  an  opening  in  a  lurge  veawl,  il 
an  apparently  homogeiieous  liquid,  jiosiiessing  a  slight  degive  of  viscidity^ 
with  a  consistence  and  density  somewhat  greater  than  tliat  of  water,  but 
eapocially  distinguished  by  ita  cidtntr,  which  is  usually  of  a  bright  scorlel 
wlicii  it  is  dniwn  from  an  ai-Uiiy,  and  of  a  ilark  purple,  sometiniea  almusi 
approauhing  to  black,  when  it  is  drawn  from  a  vein.  This  differoncc  al 
colour,  however,  is  by  no  means  conwtftnt;  for  arterial  blood  may  somi!> 
times  be  unusually  dark,  whilst  venous  blood  is  occasionally  so  ^onSt 
tliat  it  uiiglit  almost  be  tiLkeii  for  arterial  The  former  condition  is  ob- 
servable, when  from  auy  cause  the  reflpirat4>ry  pi-ocess  is  iinjiorfeotly 
efleoted,    and    may    \mi  especially  noticed    diuing  oj>erationa  |ierformu4 

*  See  Pruf.  Lelmuuiu'K  "  Lekrbucb"  (2Dd  eilit.),  bood  ii.  p.  234. 

t  Auifther  iDoda  uf  dutermmiiig  tbe  tuUi[  luuuuut  uf  the  cirraliitiag  XAonA  haa  bcm  prw 
puml  by  I'tvf.  Vntetitio  ("  Reiwrt.  (ur  Aunt,  uml  Pbys.,"  bnuil  ill.  p.  261);  wliu  fink 
jrawTi  n  Himplc  uf  biouil  fruiu  tin  ftulmal,  jmd  uctrtjiiua  tbe  projiortioQ  vi  vnXta  vbicb  A 
ciintuiii'^t  tben  iuJGcta  v,  dctonaJUAt^  qunotity  of  wal4;r  ioto  tbe  vebr^ln,  and  Lmni»diBteI| 
JniWB  freah  aamplos  from  diflerent  parts  uf  the  LuJj,  in  wbich  aUu  be  nucerldiiiii  Ibe  pn>- 
puHJoa  uf  tlie  eilid  tu  thu  tluid  oumpuneiiUi ;  lUid  frum  tbe  muunnt  uf  dilatioa  trUch  the 
lant-drawD  bluod  Exhibita,  ns  numinu'cd  with  the  firtil  eiuuple,  he  vskubiteH  llie  whiilo  tiolk 
uf  the  ciTcuUitiDfc  fluid.  Prutii  iheue  daUi,  Prof.  VaJeDtin  eetiuuited  tbe  pn>|)ortii)ri  at 
bl'Nril  in  tfao  Dog  aa  1:4^,  und  ia  tht  Sheep  lu  1  :A ;  bo  Ibxt,  aj>p]jiD^  tbe  furni«r  «f 
tbeM  prupurli'inii  tu  the  Huiuiid  body,  ti  iiiim  weighing  146  Ihs.  kuuM  bnva  Si  lb*  of 
liluud,  nnd  n  wuiiinu  weighing  127  Ibe,  wuuld  hnve  VST  lbs.  of  bl<xai.  ll  i.'sii  vorwlj  bi 
doubted  that  thin  Btut«ifieut  lb  loo  high  ;  oud  it  in  not  difficult  tu  diiiceru  au  imporUMt 
fallacy  in  the  method  on  which  it  wiu  Imi^d.  For  boweror  rapidly  the  openliua  mjij  b^ 
perfurmeil,  sonio  portion  of  the  a-iil*r  injected  will  tmnmida  from  the  teaseU  ioUi  Uw 
luminiKling  IxxHUes,  sod  wilt  ejwnpe  by  the  kidoeyn;  nnit  tbIll^  the  degice  of  lie  ililntiot 
beiuf;  duninjidii-il,  tbe  entiniulv  of  the  toliLl  [imount  of  tbe  tiluud  will  Iw  rsiHcd  Gouiudonihlf 
fkliufe  tbe  reality. — It  hn*  been  mure  rtictjfltiy  |>ni^i'.iwd  by  more  than  one  Bxperimentflb 
bi  iuject,  in  place  of  wnUjr.  some  ultuv  coiu^uuud,  n-bou  prvwnce  in  the  blood  mi^i 
Misily  lie  detunuiucd  iiunntitively.  and  nhich  ehould  neither  be  ou  puiwuoua  u  tu  pi 
■peedy  dfath,  nor  Ite  ca^mblo  of  ench  nipid  tmnAudatiou  oa  tu  oAcapo  t<w  readily  i 
tiHUm  or  tbe  uriae.  The  riulphate  uf  alumina  hoa  been  em^iluyed  for  thit  pm 
Prof,  BUkefofSt.  Louin,  IT.  S.);  mnl  his  oiperimenta  lend  to  the  couclusioii  tbst 
pmpurtiun  uf  bluixl  in  the  buly  of  ii  Pug  it  uh  1  :S  ur  1  tII;  »u  tlint,  uiiplyiug  the  leuna 
pcvpurtiun  to  Muii,  the  •luniitil;  uf  Id»iii1  in  n  Iluman  budy  weighing  144  llie.  would  ba  1  ~ 
ur  IS  Ilw.     See  Prof.  Oungtiaun'n  "  Human  PhyBiulugy,"  H.'veulh  edit,  ml,  ii.  p,  10!. 
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Blood;  imraely,  Fibrin,  AUnimen,  Corpuscles,  and  SattTie  matter, 
ciroidatijtg  blood,  timy  are  thus  combined  : — 


Fibrin 

Albamen 

Salts 


In  nlatian,  fanning  Liqnvr  SuemniL 


OorpoBoles,— lODpended  in  Liquor  Songuiniii. 
But  in  eoagidaled  blgod,  tlicy  are  combined  as  foUowg  : — 


Fibrin 
Cfiqioacles 
Albamen 
SdU 


Porming  Crumunentimi,  or  Clol. 
R«niuning  in  ■olntion,  fanning  Senm. 


o 


The  ehange  from  the  one  condition  to  the  other  is  due  to  the  fibrillatioD 
of  tlio  Fibrin ;  which  UBUaJly  tiiki-a  pince  so  speedily,  as  to  involTe  thtf 
Corpuscles  floating  in  the  '  liiiiior  sanguinis,'  befoi-e  they  have  time  to 
Bubside ;  although,  under  various  conditions  Iiereaiter  to  be  d^^scribcd 
(§j  205,  306),  it  may  occur  in  such  a  manner,  that  the  olot^  or  a  portioa 
of  it,  is  left  coloiirleas. 

158.   The  Red  CorpttscUji  of  the  Blood   (commonly,  but  erroneously, 
termed  '  globules')  are  ceils  of  a  flattened  or  discoidal  fonn,  which,  ia 
Man,  as  in  most  of  the  Mammalia,  have  a  diHtiiictly-circuIar  outline, 
the  diaca  of  Human  blood,  when  tliia  is  examined  in  its  natural  conditi 
the  aides  are  somewhat  concave ;  and  there  is  a  bright  a]>ot  in  the  c«n 

which  has  been  regarded  by  m: 
?•••■  32.  aa    indicating    the    existence    of 

nucleuH :  though  it  is  realty  no 
else  than  an  effect  of  refraction, 
may  be  escluinged  for  a  dark  one 
by  slightly  altering  the  focus  of  the 
MicroBcoiK;  (Fig.  32),  The  form  of 
the  disc  iu  very  much  altered  by 
various  reagents;  for  the  membrane 
which  composes  ifa  exterior,  or  cell- 
wall,  ia  readily  jiermeable  by  liquids; 
so  a«  to  admit  of  their 
according  to  the  laws  of  Bndosmi 
either  inwards  or  outwaj^ls,  as 
relative  density  of  the  contents 
the  cell  and  of  the  surrounding  8uid 
may  diroct.  Thus,  if  the  Red  Oorpuscles  be  treated  with  water,  or  with 
a  solution  of  sugar,  albumen,  or  salt,  which  is  of  loss  density  than  tlie 
liquor  sanguinis,  there  is  a  passage  of  this  liquid  into  the  cell ;  the  disc 
first  becomes  flat,  and  then  double-convex,  so  that  the  central  spot 
disappeara;  and  by  a  continuance  of  the  same  process,  it  at  last  becomes 
globular,  and  finally  bursts,  the  cell-wall  giving  way,  and  allowing  the 
diffusion  of  its  contents  through  the  surrounding  liquid.  If,  on  the  other 
hand,  the  Rod  Coqiuscles  be  treated  w-ith  a  thick  syrup  or  with  a  solutio^l 
of  albumen  or  of  salt,  they  will  be  more  or  less  completely  emptied,  an^H 
caused  to  assunie  a  shrunken  appearance;  the  first  effect  of  the  pcoecee 
being  to  increase  the  concavity,  and  to  reader  the  central  spot   more 


■t  4,iu  IbryvUHpnwhrnrBiii^rlH'yniiinhvf'H^fl 
wiLhiD  Oi0  ffwos. 
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action  of  acytk  luAA,  which  renders  tln^rvmaiiidei' of  thpparticlpcittromelv 
Iransparent,  wbilst  it  gives  infreoseil  opncity  to  the  iiiicieiis,  which  a 
then  seeD  to  consiat  of  agmuulur  wiiliBtan:;^  (tf).  In  tin?  still  hiri^er  hlood- 
liisc  of  the  Pi'oteua  luid  Sireti,  thia  it]i]Mmran«!  is  yet  nuire  distinct.* 

159.  The  fm-nt  of  the  Red  Citrjiusplea  is  not  unlreqnently  seen  to 
uhnnge  during  their  circuhition  ;  but  this  is  generally  ill  conBei|uen«!  of 
presaure,  from  the  effect*  of  whicli,  however,  they  quickly  reoovcr  them- 
selves. In  the  capillary  vcasels,  they  Bometimus  become  suddnnly 
elongated,  twieted,  or  bent,  tlirough  ii  narrowing  of  the  chiiunel ;  luji) 
thia  change  may  take  place  to  such  a  degi-ce,  as  to  eiia"  le  the  disc  to 
pass  tluoiigh  an  aperture  which  apiKWs  very  minute  in  jii-oportion  to  its 
dianictur.  When  imUergoing  Bpontanifius  docomi>ositiou,  tiie  blood-dieca 
becom(»  gramilateil,  and  souit'timos  (as  long  since  noticiK]  by  HewBon) 
even  mulberry-ahapcd ;  and  [larticles  in  which  these  changes  appear  to  bo 
commencing,  may  1>p  foimd  in  the  blood  at  all  tinii's. — The  rite  of  the 
blood-discs  is  liable  to  considerable  variation,  even  in  the  same  individiuJ ; 
some  being  met-with  as  iiiucli  aa  (nje-third  larger,  whilst  others  we  one- 
third  smaller,  thim  tin;  average.  Tlie  diameter  of  tile  corpuscles  [."ear* 
no  constant  relation  to  the  size  of  the  animal,  even  within  the  limitn 
of  tJie  same  class;  thiia,  although  those  of  the  Elephant  are  the  Ini-grst 
among  Mammalia  (aa  far  as  is  hitherto  known),  those  of  the  Mousp  tribe 
are  far  from  being  the  amalleat,  being,  in  fact,  more  than  three  t>imes  tlie 
diameter  of  those  of  the  Muak  Deer.  There  is,  however,  as  Mr.  Uulliver 
lias  remarked,  a  more  uniform  relation  lietweun  the  size  of  the  animal 
and  that  of  its  blood-discs,  when  the  eompanMin  is  made  within  the  liiiiita 
of  the  same  order.  In  Man,  their  diameter  varies  from  about  1-lOOOth 
to  l-2800tli  of  an  inch,  the  nvenige  diameter  being  probably  about 
l-3300th;  and  their  average  thickness,  according  to  the  aame  excellent 
ohaorver.  is  about  l-12,400th  of  an  inch.t  Acconling  to  the  recent 
twtimates  of  Vierordt,  a  cubic  centimetre  of  blood  (which  is  no  more  than 
about  ()-I00ths  of  a  cubic  inch)  contains  no  fewer  tluui  d,Ofi 5,000  red  oat- 

'Sec  ''Penny  Cyclopmliji,"  Art.  'Siren.' 

i-  A  Tabalar  «iiiniuiii7  »f  Mr.  Gullivfr'n  rerj  naioeniaR  and  ncRnrnte  mouurcmcDti  of 
tbe  Bed  CorputKjloH  of  thi:  BJouiL  of  differeiil.  auiinnlA,  froiu  all  ifae  islnsHKi  and  must  ot 
tlie  ordem  of  thu  VarteLmle  nerien.  ia  TOuUiucc!  in  Ibe  "  Proceeding*  of  the  Zouluinmr 
Sociply,"  N«.  cii.,  and  also  in  his  Rdili.jn  of  tiie  "Work*  gf  Howson"  ulraflj  r-fetred 
to,  imbllBlied  by  the  SyJeolmtn  iSi'eit'tj  tp.  -3T).  Pinni  IIibw,  llie  fultnvtini;  uj<a«uiT- 
nk«'nti4  '>f  the  Iduod  of  doml^c  imimalK  {expresHei]  in  fractiona  of  An  EnifLi^li  iofli)  luav  l-f 
HeLficted,  AH  tliG  moat  LikcJy  to  liocomo  of  inlon^  in  Jundii^l  inf[iiiHeM,  in  wLJidi  it  u  fir- 
(|uently  of  iniportAnoe  to  nNcerlain  the  precine  souri^  of  tilAinn,  whose  HangaiDmuK  chancta' 
liM  been  detcnnined. 


Mm I-S200 

Dog 1-S532 

Hub 1-S560 

HabUt 1-360T 

Krt 1-3754 

Uaiue 1-3SU 

An l-^aQO 


Pig 1-1230 

Ox l-lL'ST 

Rod  Deer 1-4331 

Cut l-llOl 

Hume I-4flO0 

Sheep 1-5300 

Hont l-«3Se 


Tbm  it  ftppeuH  quite  puuihie  to  dia^nguiih  the  blood  of  all  the  animals  cntimemted, 
from  thnt  of  Mnii,  by  llio  mcnaurciuent  of  the  iluvmeter  nf  tlio  Red  Coq'imclps;  tluM*  j 
of  tho  flog  uld  of  the  ItiKlt'iita  agijirMU'liioc  hu  iu'«t  uMrl;  in  uiir,  while  llioac  of  lliaj 
Kumiiiftiit  and  PnohydenoJit'.ns  nuiutropwls,  Knd  of  the  Cat,  are  cousldembly  amnller. — T 
It  ifl  important,  honever,  t^  beru-  in  mind,  that  tho  efx.s'iTTieUB  of  blixid  siilimjtt««l  tM  ' 
etaniiDaliua  in  JoridiiaJ  inijuiriea,  will  fur  the  unst  [lart  have  been  Jriod  j  and  iiia 
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Corpuaclea  replace  tlie  Fibrin  and  Albumen  of  tbe  Liquor  Sauguinia,  bnt 
the  proportioii  of  Fat  in  tlie  fonuer  is  cousiikTably  greater  than  in  the 
latter;  and  that  nltliough  the  whole  amount  of  miuenil  u&tter  (excluiiing 
the  iron  of  Uiematiu,  whioh  would  amount  to  1'17),  in  ucftrly  the  saine 
in  the  Corpuscles  ns  in  the  Liquor  Sanguinis,  yet  that  there  is  a  mo&t 
remarkflble  and  significant  difffreneo  in  its  coustituenta  in  the  two  cases 
respectively.  For  while  the  Chlorine  of  the  corj'usclcs  is  to  that  of  the 
liq.  sang,  as  1  1 2'1 6,  the  Phosphoric  acid  of  the  oorj-iuscles  is  to  that  of  tbe 
liq.  King,  as  nearly  IS  :  1 ;  and  whilst  the  Sodium  of  tliu  coi-pusclcs  js  to 
that  of  the  liq.  sung,  as  1  :  33,  the  Fota.saium  of  the  corpuscles  is  to  that 
of  the  liq.  saiig.  as  10-3  to  1.  Hence  it  is  obvious  that  the  Chloride 
of  8oiliuui  of  the  blood  niiist  be  principally  contained  within  the  liquor 
Bonguhiit;,  whilst  the  Potiish  of  the  blood  is  almost  wholly  iucluded  in 
the  Hubatance  of  the  corpuscles  ;  and  from  tlie  excess  of  Phospht>i-UB  in 
the  corpuscles,  as  well  as  of  Fat,  it  may  be  fairly  concluded,  that  it  is 
in  thorn  that  the  peciUiar  '  phosphorized  fats'  are  chiefly  formed.— These 
&ctB  seem  to  suggest  a  very  imjiortant  office  for  the  Eed  Corpusdeav 
which  is  in  harmony  with  all  we  know  of  the  ratio  that  their  amonnt 
in  diflerent  animals,  and  in  different  iniUviduals  of  the  Human  species, 
bears  to  the  development  of  nervo-muscular  power  (§  210) ;  namely,  that 
they  are  especially  concerned  in  preparing  the  /Hibuluiii  for  the  Nervous 
Bud  MuBOulor  tiasues,  the  former  of  which  is  distinguisheil  by  the  pre- 
Beiic«  of  phosphorized  fats,  and  the  latter  by  the  remarkable  predomi- 
nsnco  of  the  potash -Halts,*  And  this  view  derives  furt.her  conJirmation 
from  the  fact,  that  a  flesh-diet  seems  to  have  a  decided  effect  in  pro- 
moting the  fonnation  of  the  I'ed  corjnisch^s  {§  177).  The  Re<l  Corpu»ele« 
appear  to  Imvo  a  remarkable  power  of  absorbing  certain  gases ;  for  it  has 
been  found  by  Vau  Mmwlc  aud  Scherer,  tliat  a  solution  of  ha.'malin 
imbibes  a.  considerable  amount  of  oxygen,  the  latter  of  these  chemisti 
having  also  ascertained  tliat  after  the  absorption  of  oxygen  there 
is  a  slight  development  of  carbonic  acid;  whilst  it  has  beeu  proved 
by  the  experiments  of  Davy,  Nasse,  Scherer.  Magnus,  and  Lehmami 
(Op,  cit,  vol.  ii.  p.  190),  that  the  capacity  of  defibrinated  blood  {i.  r.  of 
Berum  +  coqiuscles)  for  absorbing  oxygen  and  carbonic  acid,  is  much 
greater  than  that  of  serum  alone,  being  at  least  twice  as  much  for  equal 
volumes.  Hence  it  Heems  certain,  tliat  the  Rod  CorjiuBcIcs  must  coutaia 
a  large  projiortion  of  the  gases  of  the  blood  (§  179). — The  Bed  Corpuscles 
are  considerably  heavier  than  the  serum  in  which  they  are  suspended; 
their  uonnal  specific  gravity  l>eing  from  I088'5  to  1()SS'9  in  man,  and 
from  I088'U  to  10S8'()  in  womau;  while  that  of  the  Serum  averages  1028. 
l(jl.   Li  addition  to  what  has  been  already  stated  of  the  influence  of 

admtnbte  Eaiu.;  of  Schmidt,  "  ChuTM-teritUk  Art  Cfantora,"  tlint  Physialagiita  Utd  Chs- 
miats  urc  iaddbttNl,  for  tbv  tint  dirL-cUon  of  tbeir  ntl^iiti^/n  b)  Use  imprfrt&Qi^af  ttpontlclj 
utJmBtiug  the  composition  of  theie  tvo  priadiial  conatitaisutB  of  lbs  Blood,  kuiL  fur  Lhi 
iniMciktioti  of  Uio  nmaai  of  dojng  no. 

*  So  long  u  Uie  error  of  identlfjin^  the  frabHtanca  of  Miuic1«  aith  tbe  Fibrin  of  Ibc  Blood 
prerailsd  Mnongit  Cheuii.it?  nad  Pbysii'lu^'islii,  tb«  idea  aUit«<l  ul>ove  w<mld  hate  had  litU* 
vei^ht ;  bnt  now  (li»l  we  know  thai  do  niic^iuI  rulvtii^u  bt^twL'eo  LhoDi  cidbtis  w«  ntv  frvc  10 
Attrilrtiti?  ti^t  3our<:o  uf  tbi!  Kloscular  wtnjL.'ture  to  whichovpr  (^ompout-nl  of  the  Blood  aeemi 
moat  likul;  lo  afiiird  it ;  ruid  ia  ihu  absouiw  iif  liny  eery  poailice  diaCinrtiuD  between  t^ 
oompontioD  uid  pruportice  of  Albumi^n  nnd  Globuliu,  tli^  peculiar  rcltition  bclwi^i^  the 
mineral  roastitucuts  uf  Miisote  uid  ihouc  of  the  Hed  Corpimclu,  Mema  lu  be  the  mst 
guide  that  we  can  adopt. 
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iiifluenpe  i>f  rKa^Hiita  iimcli  man-  than  others  do  ;  and  he  infers  that  the 
latter  »«■  tlio  nUler  cells,  jis  having  the  stiiingest  t«ii<lenc;  to  disin- 
tegration; wliilKt  thoRB  which  present  an  uniifluOil  reHiHting  jiower,  ho 
infers  to  be  young  cells  which  have  not  yet  aoqiiireil  the  normal  characters 
of  the  red  corpwscles.* 

162.  The  lied  Corpuscles,  when  freely  floating  in  the  liquor  stuiguinis 
of  blood  no  longer  in  motion,  exhibit  a.  marked  tendency  to  approximate 
one  another ;  usually  coming  into  contact  by  their  flattened  surfaces,  so 
that  a  number  of  thoni  tliua  aggregated  present  the  ftpi>efimjice  of  a 
pile  of  cotna;  or,  if  the  stratum  be  too  thin  to  jiormit  thein  to  lie  in 
this  manner,  partially  ovorjappiug  one  another,  or  even  adhering  by 
their  edges,  whicl]  then  frequently  liecouie  polygonal  instead  of  circular. 
The  corpuscles  when  tints  adlierent,  resist  the  influence  of  forces  which 
tend  to  detach  them,  and  will  even  undergo  considexnblc  changes  of 
8hai>e,  rather  than  siiparate  from  each  other;  if  forced  asunder,  however, 
they  resunie  their  normal  form.  Alter  thus  remaining  aflherent  for  a 
time,  they  seem  to  lose  their  attractive  force ;  for  they  are  then  seen  to 
separate  from  each  other  spontaneously.  This  [leculiar  tendency  to 
aggi^egation  is  doubtless  one  of  the  circumstances  which  influencea  the 
coagulation  of  the  blood ;  it  is  niort  strongly  manifested  in  iiillainmatory 
blood,  and  assiats  in  the  production  of  the  bufly  coat  (§  205) ;  whilst, 
on  tha  other  hand,  it  seema  to  be  neutralized  by  the  action  of  must 
saline  Bultstoncea,  since,  if  thefie  be  added  to  the  blood,  the  corpuscles 
do  not  run  together, 

1G3.  Besidee  tlie  rod  corpuscles  of  the  Blood,  there  are  others  which 
poBsesa  no  colour,  and  might  seem  to  have  a  fiinction  altogetlier  different; 

these  are  known  as  the  Wlifte  or  Coloitr- 
l«ss  corpusclra.  Their  existence  has 
long  been  recognized  in  the  blood  of 
the  lower  Vertebrata,  whore,  from  Ixiing 
much  smaller  tlian  the  rod  coqii:scle», 
as  well  lis  from  diflering  widely  in 
shape,  tlicy  could  readily  lie  distin- 
guished (Fig,  33,  c).  But  it  is  only  of 
late  (chiefly  through  the  researches  of 
Gulliver,+  Addison, J  and  others),  that 
they  have  been  i-ecognized  in  the  blood 
of  Mau  and  other  Mamn)alia ;  their  sixe 
c»[™w«.  Bw™.«,.(«. ...  i..™nh<or-  being  nearly  the  same  with  that  of  the 

pnulH  of  till*  TEUmmI; — ft,  b,  BTHftU  fplln,  inch  f'  ^  «    ^».  v, 

Murfiiurd  in  ihi>'rh,>ni.ic  riii(.t,  •■•jii  ijij  thrir  Fcd  corjHiscles;  and  the  general  apitcur- 

w?;h'';!r>^',:;Z'ct^irT;"'."ii;:V-;^.!l';."':'.1;  ""ce  of  the  two  (owing  to  the  cii^ular 
orian>iiy.umiiipir>niciriir..,Uiciiime.tw»wii   form  of  the  latter,  and  the  absence  of 

inlh  AMtic  ncia,  ihoinnG  tnt  ni-^«JdnH.Dp  of  ,     ,  ,        \    ,     -        i  »■ 

Ou  nnuW.  a  central  nucleus,)  bemg  less  diverse 

(Fig.  34).  It  is  remarkable  that,  not- 
withstanding the  great  variations  in  the  size  of  the  rmi  eoqiuscles  in 
the  different  classes  of  Vertebrata,  the  (hmensioua  of  the  coUmrfegs  cor- 
puscles are  extremely  constant  throtighout;  their  diameter  being  seldom 
much  greater  or  less  than  l-3000th  of  an  inch   in  the  warm-blooded 

•Op.  rit.,  vol.  ii.  pp.  184,  1S5. 

+  Notes  and  A[i|>enJiit  U-  Traiialfltion  uf  "OsrWii  Gdii«»1  Anilomj." 

;  "  TmnauOiDiis  uf  FroTVDirisJ  MtnlioU  AHHociatioD,"  1S(2  atui  ]843. 
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the  iden  nutiirfilly  nrisea,  tliat  (to  uiw  the  words  of  Mr.  Wliarton  Jones) 
"  there  is  some  i-ucipnical  relation  Ijttween  the  coloiirleaa  corpuscles,  luid 
the  pttrts  mitaidu  the  vessels,  in  the  jiroceaa  <rf  nutrition."  Of  the  n&ture 
of  this  relation  we  have  no  certain  knowledge;  but  if  tho  Red  cor- 
puscles discharge  tht  function  wliich  hiis  been  auggeated  for  theiu  (§  160), 
of  preparing  the  nutrient  material  fur  miiacle  and  nerve,  it  may  not  bo 
deemed  improbable  that  the  ColoiU'lesa  corpuscles  should  perform  a 
aimiliir  office  for  the  other  albuminous  ti*aues.^A  very  remarkable  sfion- 
tancoiis  change  of  form  has  been  obscrvcfl  by  Mr.  Wharton  Jones  to 
take  jilace  in  the  Colourleas  corpuscles  whilst  being  cxamineil  under  the 
raicroBeoj*  ;•  and  tliia  not  only  in  tho  blood  of  Man,  but  in  that  of 
animals  of  all  the  Vertebrutod  classes,  an  also  in  that  of  Invertebrata, 
whoso  only  corpuscles  are  of  thi.^  character  (j  1G5).  From  some  point 
of  their  eircuinference  a  protrusion  of  the  cell-wall  takes  pbice,  th^^  form 
of  wliich  Beeuitt  quite  indefinite;  soon  afterwards,  another  protruaion 
may  be  soen  to  ariiie  Irinn  another  part  of  the  coll,  the  first  lieing  either 
drawn-iu  again,  or  retnaiuiug  an  it  was;  and  thus  the  eonfigurutiou  of 
the  corpuscles  may  be  seen  to  undergo  several  changeji  before  the  procesA 
finally  ceases,  and  this  whilst  they  are  floating  in  their  own  seniui,  and 
the  red  corpuscles  are  lying  (|mte  pissive  in  their  immediate  vicinity. 
These  clianges  of  foiTU  (wl>ieh  bear  a  striking  resemblance  to  those  of  the 
ProteuH-cell)  are  affinned  by  Dr.  Davainet  to  be  visible  even  whilst  the 
blood  is  circulating  through  the  vessels,  in  those  colourless  corpuscles 
wliich  are  retarded  by  attr-.ictiou  to  their  walls. 

1G5.  The  pi'0[)orlion  which  tho  White  or  Colourless  corpuscles  bear  to 
the  KeJ,  is  very  small  in  the  blood  of  Man  and  the  higher  Vertebrata; 
being,  in  the  state  of  health,  according  to  the  estimate  of  Moleachott 
.  (which  is  confirmed  by  KljliikcrJ)  not  more  than  '2-55  to  1000.  It  may 
undergo  a  gi"eat  inci"eaHe  in  disease,  however,  as  will  l>e  shown  hereafter 
(§  191).  in  the  oviparous  Vertebrata,  the  proportion  is  higher;  thus 
it  has  been  oliserved  by  WagnerJ  to  be  as  1  :  Ifi  in  the  blood  of  a  Frog 
GxaTuined  in  February,  and  na  1  :6  in  similar  blood  examined  in  August, 
In  one  Yertebrated  animal,  the  Amphioxus,  the  Red  corjiuscles  are 
wanting  altogether,  their  place  in  the  circulating  blood  being  taken  by 
tho  Colourless.  And  in  the  Invertebrate  series  generally,  the  eorjiuscles 
of  the  circulating  fluid  correspond  rather  to  the  cof«ur/^ig  coquiscles  of 
the  Blood  of  Vertebrata,  and  to  the  corpuscles  of  Lymph  and  Chyle 
(which  may  be  regarded  as  the  same  bodies  in  an  earlier  stage  of  deve- 
lopment), than  they  do  to  tho  nil  corpuscles,  which  are  jjecidiar  to  Ver- 
tebrata.||  Thua,  in  one  of  its  most  characteristic  features,  the  Blond  of 
Invertebrata  (and  of  Amphioxus)  may  be  likenitd  rather  to  the  Lymph 
and  Chyle  of  Vertelirated  animals,  than  to  their  Blooil;  and  this  r«si'm- 
blance  is  strengthened  by  the  fact,  that  there  la  n<t  distinction  in  the 
fonner  between  the  absorbent  ami  the  minrpii/rrotui  vessels,  which,  in  the 
latter  contain  the  nutritious  fluid  in  its  earlier  and  in  its  later  stages  of 

*  "  Phi]i»opiii™l  TnuiiiirtionB,"  1848,  pp.  84.  71,  BO.  &c. 

+  ■' MimoiTM  Ac  la  Sorift*  do  Biologie,"  loin.  ii.  pp.  103-5. 

;  "Manual  of  Hnman  Hirtotogj"  (Sydeiiliam  Society's  edition),  Tol.  ii.  p.  330. 

i  "  ElemcnM  uf  Pliyiiolugy,"  Initifllfttwi  l.j  Dr.  Willi*,  p.  216. 

II  See  Mr,  Wliarton  Junoi'e  Mcmoin  un  '  (he  Blond  Cnrpnnvle  cnnaiderod  iu  its  iliETerant 
PLjuesof  DL'velDpmenl:  in  tho  Anira&l  Seriee,'  Id  thfl  "Phiios.  Trtuifl.,^'  1846  ;  aUo  "Priuo. 
of  Cmp.  PbjB,,"  *lh  ed,  SS  379-383, 
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"  Ab  Ucseribed  by  Vugt,  KlJllikiT,  anJ  Cnim(T.  tlmy  Ate  liirgi"  ■ 
veaiculur  ejilicriual  cells,  full  of  yellowish  jarticlia  of  a  aubstiiuoc  lit 
fatty  matter  1  inauy  cif  whioli  partick's  are  qunilrauguW  ami  fluttcutJ 
and  have  l>eeu  HilliiJ  stwtrint.' -plates,  though  they  are  out  provi.il  U 
consist  of  that  or  any  otlior  uuiiiixud  &ttty  substauue,  Aiiiting  the* 
ptirticlea  eiudi  cull  han  n  central  nucleus,  which,  however,  la  at  tirsl  luudl 
ohaoured  Ijy  them.  The  ile\elopment  of  these  cmbryo-oella  iut<i  tiri 
ociaplote  ftinn  of  thij  ocirpiiselefl  is  effected  by  the  graduu!  elearit^-u[^ 
as  if  by  division  anil  liquefaction,  of  the  contained  [wrticles,  the  no^nii*; 
ment  of  blood-colour  and  of  the  oUi|)tiQa]  form,  the  flattening  of 
cell,  and  the  more  prominent  afipearaace  of  the  nucleus."  The 
appears  to  be  stisontinlly  tbc  same  in  the  Fish,  the  Reptile,  anil 

Bird;  but  it  tiikes  place  too  niptdly  in 
latter  clii«i  for  its  stages  to  he  clearly  dirttioJ 
guished;  whilst  in  the  tad^iole  the  cbang 
occur  so  slowly  that  they  can  be  traowl  i^ 
the  bloirti  even  while  it  circulates^ — T 
liistory  of  the  developrijeiit  of  the  first 
coqiuscles  in  Mammalia  a  tiuirly  the  eaatti 
hnt  a  binary  iiiultipLcation  of  thesu  ' 
by  aubilivision  (Fig.  3G)  has  lieen  oljserre 
iu  them  by  Prof.  Kiilliker*  and 
witicb  haa  not  been  noticeil  elsewhei-e. 
wii telling  the  stages  of  tliLt  pi-octsa,  it  is  i 
that  the  piirtition  of  the  nucleus  takis  [i 
cunipletely,  befiirc  tliat  of  the  a-11  it«oiriiil| 
commenced.  Tho  btood-corjniscles  of  th 
Human  embryo  thus  formed,  are  dtscrib 
by  Mr.  Paget  an  "  circiiiar,  thickly 
shaped,  fidl-eoloured,  and,  on  an  aver 
about  l-^.IOOth  of  an  inch  iu  dinmetur;] 
tlieir  nuclei,  which  arc  almut  l-.'iOOOth  at 
an  inch  in  diameter,  ,irc  central,  circuluj 
iWiii.  iiu-i.i  ihpm  LonnK  I.  nuuirim  be-  yerv  little  prominent  on  the  aiirfacea  of  I 
ae  iiSio  kiiid,  wjUj    ^"'l    apimrcntly  sughtly   granular 

tubercnlated.      In  a  few  iiwtances,  c«IU 
found  with  two  uuclei ;  and  such  cells  are  usnally  lar-je  and  elliptical,  with] 
one  of  the  nuulei  near  each  end  of  the  long  axiB."^When  the  Liver  bopnil 
to  be  forcned,  tluH  multijilication  of  bli>od-celk  in  the  entire  ma3.>i  of  the 
blood  ctaiwiM,  and  in  a  short,  time  all  trace  of  the  development  of  tho  red 
out  of  the  original  co!ourles.s  formative  cells  is  lost;   whilst,  on  the  otherl 
hand,  there  takes  jduce  in  the  veaaela  of  the  liver  a  new  production  oil 
colourless  nucleated  celi.s,  wliicli  are  formed  around  free  nuclei,  and  which  { 
undergo  a  gradual  change  (by  the  development  of  colouring  matter  in  I 
their  interior)  into  rcil  nucleated  cells  resembluig  those  of  the  first  brood, 
Acconbng  to  Kiilliker  {Op.  cit.,  p,  S+3),  this  new  formation  of  blot«i-eur- 
pu^cle.'i  in  the  liver  continues  tn  take  place  during  the  whole  of  the  fietal 
life  of  Mammalia,  aa  iu  Birila  during  incubation  {§  I3:i).    Whether  Uioie 

*  .See  Tik  T^ltiuioir  '  Tet'^r  ills  Blutkorjiurchen  eiui^  tnctijichlioJir^n  BiiiliL7ii,  tu.,  lA 
'■Zeitwlirifl  fur  rati"",  Mwl.,"  1S4«;  iiQii  hia  "  Manual  uf  Hunuui  U'usl'<l"S/"  (Sydmhio 
Bocictf'8  edition),  p.  312. 
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to  the  influence  of  wator;  more  liable  to  corrugation  and  to 
cliiatei's;  luid  heavier,  so  that  the  smolltst  and  lullcs 
l>ijacle8  alwnys  lie  deepest  in  the  field,  Tims  the  most  developed 
of  tLe  Miimmalian  red  corpusrfea  appears  to  be  that  in  which  thi 
full-coloured,  circular,  biconcave,  small,  unilbrm,  and  heai-y ;  this  is  a] 
the  stat«  in  which  they  nppcfir  to  live  the  longer  aud  Uio^  active  poHM 
of  their  lives."  On  the  other  hand,  Mr.  Whuitou  Jonvs  has  arid' 
very  cogent  evidence,  derived  chiefly  from  a  eomparijton  of  the  m. 
the  tnie  red  corpuscles  of  different  Mammals,  with  thoae  of  the  n 
the  nucleated  corittiscles  which  their  blood  contains,  that  the  fornier  iirp" 
equi  Talents  of  the  latter,  in  a  state  of  higher  development ;  Liiviny  ai-niiin 
a  vesicuior  character,  and  having  their  interior  occupied  by  e''-'''"hi' 
and  hiematine.  This  view  certainly  hannonizes  well  with  the  fact,  wbia 
ciui  scarcely  be  t;xj>laii)cd  on  the  preceding  hypothesis,  that  the  red  «n 
[uiacles  of  most  Mammalia  are  emalUr  (ofl^  very  much  ao)  tl)i 
nucleated  oella  in  which  they  originate." 

161).  Thus,  then,  the  Chyle  and  Lymph  seem  to  bo  continually 
plying,  not  merely  the  pahulmn  for  organization  derived  from  ill' 
whereby  the  comjiouents   of  the  liquid  ]>art  of  the  blood  are  repIeulBhw 
aa  tast  as  they  are  withdrawn ;  but  also  the  rudimentary  corjiiiaeleji  wbiii 
are  to  be  progressively  metamorphosed  into  the  coloured  discs  that  flml 
in  its  current.— A  remarkable  correspondeiuto  bos  been  pointed-onl  hj 
Mr.  WLnrton  Jones  (ioe.  cit.)  between  the  successive  phases  pri.«rtitBO 
by  the  Blood-corpuscles  in  the  animal  genes,  and  those  through  whi^ 
according  to  the  views  aliove  stated,  the  Red  corjiu-scle  passes  in  attainiijl 
its  complete  form  in  the  Ligbest  animal.     For  in  the  blood  of  the  Invtr- 
tebrata,  as  ic  the  chyle  and  lymph,  and  occasionally  in  the  blood,  of 
Vertebratft,   are  found   '  coarse   granule-cells,'  which   seem  to  be  in  tlw 
first  alage  of  development,  and  'fine  granule-cells,' which  may  berfganW 
as  in  the  second.      These  lead-on  to  the   'colourless nucleated  cell.'  wUiflb 
is  the  highest  tbrni  presented  by  the  corpuscles  in  Invertebrated  animida, 
but  is,  aa  wc  have  seen,  a  mere  transitional  stage  of  brief  duration  in 
those  of  Vertebrata.     The  '  coloured  nucleated  cell,'  again,  is  tlie  highotk 
form  of  red  corpuscle  in  the  Oviparous  Vertebrata;  and  this  correEpond* 
with  the  first-foi-med  red  corpuscle  of  embryonic  Mammalia.      The  'trf 
corjiuscles'  of  the  fully-formed  blood  of  the  latter  are  to  be  regarded  ai 
exhibiting  that  hjgliest  phase  of  development,    in  which  the  wueleai, 
having  escaped  from  its  jMirent-cell,  itself  assumes  much  of  the  ct^UuUr 
character.  In  its  early  state,  this  '  cellte-fomi  nucleus'  is  tincoloured ;  but 
it  so  soon  acquires  the  retl-hue,  that  it  is  rarely  niet-with  in  its  earlier 
state.- — Fully   ailmitting,  however,  that,   in   one  mode  or  the  otlier,  the 
Rod  coqiuscle  is  originally  developeil  from  the  lymph- globule,  snd  that 
this   is  also  the  source  of  the  Co!ourles.i  corpuscle,  still   it  would  soinD 
quite  possible,  tliat  the    Red  and    the  Colourless   cor])UscIes  ni-e  to  he 
regarded  as  two  distinct  and  complete  forms,  neither  being  capable  rf 
metamorphosis  into  the  other,  and  each  having  a  specific  purpose  to  serve 

•See  "  rhilosophiml  TrBiiBartioiui,"  1846,  pp,  75 — 7P.— Mr.  WlinrWn  iIudw'b  ™»i 
on  thin  point  hikve  been  wiiiptetl  by  MeaBrs.  Busk  unii  Jliixley;  sei:  thuir  trumlatiun  oT 
Pnif.  KolliliBr's  "Humin  Hialulugy"  (Sydenham  Sucielj-'a  edition),  voL  li.  p.  847,  lUU: 
uid  "  (jiuui.  JiioTD.  \ii  Micruec  Science,"  vol.  i.  p.  145. 
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tbaii  uii  ntiproxnujiUve  efltimate  of  their  resj^'cctive  amounts;  ajjj 
may  be  beat  Ibiimlci.l  ou  tlio  ooinparativo  aiialyses  of  tbe  Corpuscles 
Liquor  Sanguinia  lOreoiIy  cit«d  fri>m  Pi-of.  Luhiiianu  (§  IdU);  it  hi 
assumed  that  tlie  nun'^t  Corpuscles  fonii  /la//  of  the  eutiii;  volume  of  J 
blood.  This  is  pi-obahly  rathi^r  beucath  thau  above  the  actu&l  avei 
which  ho  conadera  to  be  513  parts  in  1000;  the  limits  of  vari&tin 
health,  however,  are   alnmt   41.1   parts  on  citlier  aide.      By  halvintr 


- 


TliB  neconil  tpeoilugn  »w  &ani  a  nibiut  man  tweat;  yean  t>td  :— 
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As  tlie  grcnur  uiuulier  uf  tbsuIU  liereaTUir  tu  lie  cited,  burc  been  ubtainsd  b) 
uelhud  uf  MM.  frcvust  and  Dnmu.  vlii^fa  liia  beuD  fuliowml,  with  Rli|i;ht  mnlif 
by  MM.    Aadral  luid  Guvuniji  ^"Esauj  d'HoiiDatuto^u  riilLu1^'(iie")»  nnil   br 
Bod^uerel  D.Dd  Rodiur  (^'Rt'i^ben^hoa  Biir  In  Compoflit'oii  dn  Sang,'*  ba.),  jt  i^il]  be  ai^ 
lageuuB  li*ru  to  deic'ribe  it. — Thr  bloml  whicli  IB  I'eing  Jrnvii  fut  ttiialjaia,  ia  reeeiwi 
Inu  liifluieut  viutelii,  the  tint  lUid  Uic  Inst  qiiHrti-m  uf  tbe  whole  amoaat  iiilu  uai\  ul 
wcoud  uid  third  quiLrtcrA  iatu  the  irlber ;  m  t^iin  laonuer,  the  iJmil'U'U)'  iif  the  tvu 
tttlea  is  Bccureil  M  far  iis  |K}f4iblu.      The  bliK>d  in  van  ve^&el  (4)  ia  aliu^rvd  tiv 
KpuubiaeuuGly ;    thut  ixrnUiiaed   in  the  i.>thtr  |b)  ia  bvAl«ii  with  rt  amaH  nnl  in 
iW[iBni1*  the  llbriu.     When  the  cuaeultttion  hue  fully  taken  iihioe  in  i,  the  Bi-niiu  is  i 
fully  At:i>j\riLte<l  from  the  i^nv^suaicDtuui ;  imii  there  itre  then  dried  aud  nuighed, — 1. 
Fibrin  obtained  bj  the  finl  (b);- — 2.  The  entire  Cnuwaiuuntum  (i.);- — 3.   The  Senun 
The  weight  of  the  Beiiar:i1e<l  hbriu  gives  the  amouut  uf  it  cuntained  ill  thu  i^lot. 
weight  of  the  dried  residue  uf  the  Hrum  give:^  the  jjioportiun  <j!  iu>  sulid  uul 
water.     The  (luunttty  of  water  driven-nff  from  tht  cl'A  in  dryiug,  givea  the 
vemm  it  i;uulaiiiL>d ;  from  which  luay  be  eatininted  the  quantity  of  the  aolJdA  uf 
vonlained  in  the  <?TaaBamentum,      Heiii^e  hy  dudnctin);  from  the  weight  of  the  whole 
clot,  tiriit  till!  weight  of  the  Riiriii  ACimntted  by  Htirring,  and  then  that  of  tliv  ntid 
of  the  Berum  as  obtaineil  bj  ralculatioB,  we  obtain  as  a  rei^idae  the  weight  of  t^ 
liUiKilbri.     In  order  to  ascGrtain  the  whole  amount  of  s^ilid  mutter  iu  tlie  serum,  that 
waa  aauerbuDe>l  by  ualculatioo  to  exi>t  in  the  eoagulum,  inuRt  be  a'tdml  to  that  wbich 
ubtaiueii  fruin  the  ijti{>nratcil  wrum.      Plually,  tho  proportioua  of  organii'  aud  uf  ino:  _ 
iuatter  iu  the  arlidN  of  the  serum  are  aBc«rtaincd  by  iuciuerntiDg  them  in  a  erudhle^ 
which  tho  wbulo  of  the  former  will  be  drivcn-otf,  the  latter  being  left. 

fiotli  of  the  foregoing  metliods,  like  moat  othera,  nre  ojiea  lo  the  objeation,  tb>t 
Hlhiiiiiiuuufl  and  other  iMnKtltucnte  of  tlie  serum  are  reekuneil  in  the  calculation 
equally  (jrenout  in  the  ich'ift  writer  of  the  blocKl.      Now  aa  tho  mniit  C«qm«ol£A, 
to  SHimidt,  conatituto  ftdty  half  the  mosA  of  the  blood,  and  iia  they  do  nut 
iJbnniiTioiia  elements  uf  the  4emm,  anil  linve  salinefl  [jecnliar  to  llieniBelves,  it  ifl 
that  the  itotistitueuta  uf  the  Serum  n-iU  be  cstimateil  far  (in  hiyh,  aud  the  roodn^ 
expresnes  the  solid  matter  of  the  Corpustles.  as  much  tw  loir.     ItoteateT,  thit  mt4}i< 
analysis  gires  no  aoi-'ount  whatever  uf  the  Salts  c^intaincd  in  the  Corpuaele^  which,  m 
have  seen  (S  160),  are  very  diETerent  from  those  of  the  Serum ;    and  these  oui  only 
deWrmincd  iij  the  inciuorutioii  of  the  wliule  Ria«n  of  tlie  blood. — For  on  aeeoiint  of 
melbiHls   of  analysing   the   blood,  einployetl    by  BerieUuti,    DeniH.  and   Simun,   em 
■'Animal  Chemistry"  uf  tlie  lant-nnmed  author  (Sydenlinm  Society's  Ed.),  toI.  i.  [ip,  1 
et  seq.;  and  for  a  oritii^al  eonipiu-ison  of  these  and  other  methixls  mure  recently  de' 
T4ee  Prof.  Lehmoon's  ^*  riiysiolugical  Chemistry"  (Oaveiidish  Souiety'e  Kil. )  vol,  ii.  pp.  211 
ot  ueq.     Tho  inetliod  of  Schmidt,  which  ia  ajqiroYcd  by  the  last-named  authority,  ia 
on  very  ihgeuiuun  iiiveMti^iatiioiH  and  cnk'ulatioiut,  by  which  Iib  ba£  sliowu  that  if  th«  vei| 
kkf  the  drif  corjmsclLt^  obt^ijnod  iiy  the  itiethiil  uf  Pruvust  and  Diunua,  ha  mulUplMd  by 
it  will  ^vc  the  weight  of  the  itioi^  c^rpusckB. 
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it  may  thus  be  made  bo  perceptilile  as  to  admit  of  their  blood  being 
tiiigiiished   (at  least  by  on   iadividiml   potwessej  of  n  delicate  sense 
Binell)  through  its  scent  alone.     Of  this  teat,  use  has  been  mode  wi: 
great  ndvantfige  in  juridical  investigationa.' 

172.  Under  the  viigue  ti'rru  Extrnclioe,  have  been  included  luanjr 
different  auhstancea  which  nonually  present  themselves  in  only  \erf 
Buiall  quantity,  and  which  are  cuuitcqueutly  very  difficult  of  detectlaii; 
but  which  are  extremely  iinpoi-taiit  in  a  physielogjoal  point  of  view,  m 
the  chief  'factors*  (to  use  the  appropriate  desijj^ation  of  Prof.  Lehmannl 
in  the  metamorphosis  of  animal  tissue,  both  jiroi/restiice  and  rd.ro  '' 
Some  of  these,  such  as  the  compounds  which  Lave  been  deaigna 
Mulder  as  the  binoxide  and  tritoxldo  of  proteiu,  appear  to  be  h! 
genetic  substances  in  the  courae  of  preparation  for  organization ;  very 
little,  however,  is  certainly  known  res|jecting  them.  Olutin  (geUliu} 
also  has  been  recently  detected  in  the  blood  ;  but  this,  for  the  reasons 
already  given  (§  51},  can  scarcely  be  regarded  as  a  luHttigeuetie  sub- 
atance,  and  must  have  been  probably  derived  'lirectly  from  the  food,  and 
have  been  waiting  to  bo  i!xen?tml.  Of  the  products  of  retrogr«Ie  metamap- 
phosia,  however,  which  arc  on  their  way  to  the  excretory  organs,  our  know- 
ledge is  much  more  precise;  and  already  there  have  been  det-ected  in  the 
extractive  the  principal  components  of  the  biliary  and  urinary  excretion^ 
namely,  cholic  acid,t  urea,  creatine  and  creatinine,  and  uric  and  hippuric 
acids,  and  also  hypoxauthin,  and  formic,  acetic,  and  lactic  acida.J — -Much 

attention    has    recently     been 
Fw.  37.  ^ven  to  the  rcrf  crynfalu  which 

form  in  blood  after  it  htK  been 
at  rest  for  some  time,  and  espe- 
cially if  it  have  been  diluUitl 
with  water.  These  crystala  pre- 
sent a  considerable  variety  df 
forms  in  different  animals  (Fig. 
37),  and  at  different  stages  of 
decomposition  in  the  blood  of 
the  same  animals ;  and  they 
present  al.so  very  marked  diver- 
sities in  chemical  propertiiM, 
some  being  readily  soluble  in 
water,  whilst  others  are  inso- 
luble in  wat«r  but  eoIuUo  in 
acetic  acid,  and  others  are  in- 
The  reactions  of  some  of  theM 
they  are  formed,    or  at   least 


/- 
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Blood-Cysnttit,  i\)pjiBBiitie,  tnm  Hnnun  blond, 
(ctnmLril,  friroi  Pig'i  bdood,  (3)  heuigDiia]  plftttii, 
L-nn  rtquirrui'"  hlood. 


soluble  either  in  water  or  a«etic  acid. 

orystala    would   seem    to    indicate   that 

derived,  from  prot«itt-com pounds ;  but  others  seem  rather  to  consist  of 

phosphoric   acid,    in    'conjugation'    with    an    organic   Bubstonee.       Th« 

whole    matter  is   at   i>resent   Involved  in   great  oWurity;    but    it    can 

scarcely  be  donbted  that,  whatever  be  the  nature  of  this  crj-stalline  8Ul>- 

*  See  M.  Bun-qerH  rffsciirchaa  oq  IhiH  nolijcrt  iu  "Ann.  d'HyKiiBC,"  tc  tom.  i.  ii.  i. 

+  Tim  iinswijoe  "f  chulic  aciii,  in  cviinlilnntii,ii  wilh  amla,  m  n  Hnrmnl  ingredient  in  blood. 
Kpnu  livl^ly  lo  h»se  hiien  nulmWutiiled  lij  KnciiTlin.  Rei-  the  aosjuut  of  Uh  nae»rrbt9, 
'  Choloiaurcs  Natrua  ia  Blutr,'  in  Scbmidt'if  J*hrb.  i.  1S53. 

t  Soe  Lebmum'*  "  thjiiologiuben  ChemiK^"  2iii)  edit.,  buiil  iL  p.  18Q. 
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174.  Wc  have  now  to  unjuire  into  the  principal  moJilications,  which 
the  reltttive  proportir>us  of  thesi-  eonfltitiierits  uiLdcrgo  in  the  state  of 
health,  under  the  influence  of  varying  (Addition  a  of  iJii^  system;  anil  nnt- 
witliHtaniling  the  want  of  nAwiidf'KcoiTectuess  in  tlie  analyBC*  of  which  w« 
are  at  present  in  posacasion,  those  that  are  made  by  similar  int^tliodn  pw 
results  BulSciently  truatwortliy  to  enable  them  to  be  conipired  together, 
and  tliuB  to  give  a  tolerably  correct -indication  of  the  circumstances  which 
determine  the  hn^eiigg  or  (Untiitution  in  tlie  principal  comjmiieuts  of  tha  ^ 
Blood. — The  fii'st  of  these  modifying  conditions  which  reqim-es  3pecia^| 
notice,  ia  Aife.  During  the  latter  part  of  ftetal  life,  the  blood  is  rcinart- 
ably  rich  in  solid  contenht;  it  being  iu  the  proportion  of  ei:>rjiUBcit» 
(including  iron),  that  the  chief  difTerenee  exists  between  fcetal  and 
maternal  blood.  This  appears  from  the  following  comparative  analyses 
made  by  DoniH*  of  the  venous  blood  of  the  mother,  and  of  the  blood  of 
the  umbiiicaJ  artery,  whioli  IflRt  has  Iw-pn  recently  found  by  Poggialc  (aa 
might  be  expected)  to  be  identical  with  tlint  of  the  body  of  the  ftettia. 
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The  analysca  of  Poggialet  give  265'8  parta  of  solid  matter,  of  vUcM 
172'2   parts  were  coqjuaclea,  and   3  partfi  of  peroxide  of  iron,  in    lOOOf 
parl^H  of  fo'ta.l  blood ;  thus  agreeing  with  thoMe  of  Deuis  in  the  main  fact 
of  the  excessive  proportion  of  corpiisclus  and   iron. — The  projiortion  of 
corpuaeles  aecms  to  remain  high  for  a  abort  time  after  birth  ;  but  it  gra- 
dually diiniuiahee;  and  the  whole  amount   of  aoliil  matter  in  the  blood 
seems  to  fall  to  its  loweat  point  during  the  period  of  cliildhood.   Towwd* 
the  epoch  of  puberty,  however,  the  anmunt  of  solid  niatter  inereawM 
again,  the  chief  augmentation  being  in  the  corpuseles;  anil  it  remains : 
a  liigh  standanl  during  the  most  vigorous  period  of  adult  lite,  after  which 
it  beginn  to  decline.     Thin  is  made  ap]iarent  in  the  following  tAble,J 
ileduceil  Irom  the  analyses   of  Denia,  which  are  confirmed   liy  those  i^j 
Lecanu  and  Sim  on.  | 

Rnlid  Ccnutitsoiiti. 
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175.  An  appreciable  ditference  exists  between  the  blood  of  the  tT  _ 
Sexes;  that  of  the  male  being  richer  in  solid  contents,  and  especdallj  to 

•  "  Rfoherphca  EiptrinieutoleBiinr  le  Sang  hnmain,"  uii]  "Simon'a  Animal  ChemiBtn  " 
Tul.  i.  p.  -238. 
+  "(JomptaB  KendnH,"  torn.  dt.  p.  ISS.     J  "  Animal  ChemiaTj,"  toI.  l  pp.  237-239. 
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The  ofecrvntiona  hitherto  made  upon  the  first  of  thfse  poiDts,  howen 
are  not  su flick utly  uunierous  to  admit  of  b^ing generalized;  au<l  thechi 
pointe  lliat  cun  be  <iefiiiitely  stuted,  are  tlioae  which  have  be«a  subetA 
tinted  l>;  Frolrs.  BuchuniLu  and  R.  D.  ThomjiaoD,"  iu  their  examinatic 
of  blood  whose   Hemm  exhibitB  the  '  milky'  appearauce,  which,  when 
occurs  in  hcaltli,  is  due  tf>  the  entrance  of  chyle,  more  rapidly  lliaa  1 
oleaginous  mftttor  can  lie  tliniinateil  by  the  respiration  or  appro j>n>it«d  I 
the  tissues.     When  a  full  meal  containing  oQy  matter  is  taketi  ntler 
long  fitst,  and  a  small  quantity  of  bluod  is  drawn  previously  to  the  nid 
aiid  at   inten-als   subsequently,  the  serum,  though   quite  limpid  iu  ll 
blood  first  drawn,  shows  an  incipient  turbidity  altont  half  an  hour  uJUi 
wards;  this  turbidity  iucreiisea   for  about  six  horn's  subnequentlj,  afli 
which  it  usually  begins  to  disappear.     The  period  at  which  the  disouIcH 
tion  is  the  greatest,  however,  and  the  length  of  time  during  which  it  OOD 
tinues,  vary  according  to  the  kind  and  quality  of  the  fooil,  and  the  slid 
of  the  digestive  functions.     Ncitiier  starch  nor  sugar,  nor  prutuin-eoui 
pounds,  alone  or  combined,  occasion   this  opacity  in  the  chyle;  but  i 
aeems  essentially  dependent  upon  an  admixture  of  oUaghuiut  mattt^  will 
the  food.   There  are  few  ordiniiry  meals,  however,  from  which  siicli  iiiMtij 
is  altogether  excluded.     When  mioh  milky  serum  is  exauiincd   wilJi  iti 
Mierosoiie,  the  opacity  is  found  to  be  due  to  the  presence  of  an  iiiimuil 
number  of  exceedingly  minute  granules,  resembling  in  appeanuicf  iim 
which  form  the  'molecular  base'  of  the  chyle  (§  133).     They  sei-ni  tnli 
composedof  two  chemically-diBtinct  substances;  for  when  the  milky  wnii 
is  agitated  with  ether,  a  pirt  is  dissolved,  whilst  another  portion  riinmit 
suspended;  and  this  latter  is  soluble  in  caustic  potass.     Tlie  fonns 
therefore,  ap]>eai-s  to  be  identical  with  the  '  molecular  base'  of  the  Chyl 
and  to  be  of  an  oily  or  fatty  nature;  whilst  the  latter  belongs  to  the  jni 
tein-compounds.      Tlie  Crassamentum  of  such  blood  otten  exhibit! 
pellucid  fibrinous  crust,  sometimes  interspersed  with  wliite  dots;  andtk 
seoma  to   consist  of  an  imperfectly-assimilated  protein-comjiound,  aoilc 
gous  to  that  found  in  the  serum.     The  quantity  of  tliis  varies  acco 
to  the  amount  of   the  protein-compounds    present  in  the  food. — ' 
increase  of  ttaccltariiu!  matter  iu  the  blood  (in  which  it  forms  part  of 
'  extractive'),  after  the  ingestion  of  a  large  quantity  of  saccharine  or 
noeeous  aliment,  has  been  noticed  by  many  experimenters,  and  has  li 
been  made  the  subject  of  attentive  study  by  Von  Beckcr.t   He  hosfi 
that  the  blood  of  Kahbits  fed  on  carrots,  contained  0'564  percent,  of  su] 
whilst  that  of  rabbits  fed  on  oats   contained   only  0-109  per  cent.; 
blood  of  the  uamo  animals  after  24  hours'  starvation,  eoutiuned  ool; 
0'045  pur  cent.;  whilst  as  much  aa  1'1£I8  percent,  was  found  in  tliobli 
of  a  rabbit,  into  whose  food  so  Lirge  an  amount  of  sugar  had  liocii  inti 
duced  that  it  passed  away  with   the  excremcnla.      The   propi.i-tion 
taiued,  howeier,  in  the  blood  of  Oxen,  Dogs,  and  Cats,  is  far  smaller  tli. 
this;  being  (according  to  the  researches  of  SchmidtjJ   from  OIIUOCU 
0'0007+,  O'OUIS,  and  000^1    percent  respectively.— It  might  be  Guri; 
presumed  that  a  temporary  augmentation  must  take  place  in  the  aiiuM\ 

'  "  Medical  OMetto,"  Oct.  10,  1845. 

-f-  "  Zciischr.  fur  «i!«aiiMluift.  Zool.,"  ISGS,  dted  in  Prof.  Lebmiuiu'i  "Fliyiid 
Chcmie,'^  2Dd  edit.,  bAaJ  ii.  p.  217. 

J  "Characteristik  der  Cholura,"  SS  181-184. 
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ocmtuiu  &  consideralily  timaller  aTnonnt  of  solid  mntter,  than  that  vni 
first  iaeued-  This  f.urt,  wliicli  lias  loDg  l>e("n  kuovm,  hafl  of  late  boen  moi 
preci-HL-lj-  iletenuined  by  Drs.  ZiiomtTtnan,*  I*cilli,+  and  J.  Dn\*j'.I  Win 
bloLKlLiis  Uieni-ejiBatedlj-drawiijorhaabtenlost  byliicmorrhflge.lliatwliit 
remiiiiis  ia  impoveriahed;  but  tie  reduotioii  in  its  whole  amount  of  aoli 
matttir  ln'ro  also  lies  rather  in  the  diminution  of  the  oorpitsolfs,  than  1 
that  of  the  other  cnustituQiitB.  This  is  shown  by  the  foUowiuf;  talUiii 
the  resiUta  of  MM.  Boojuecel  and  Rodier'a  analyseB  nf  the  bl<rotL  i 
jiatiente,  each  of  whom  hail  betii  bled  three  times ; — 

111  VonwetUou,    and  Vi^M-^pciiiMi,    3pdV< 

8p«iflo  gmrityof  defilirinated  blood  .  lOfiSO 

,,         lerum     ....  lOaS'8 

W»t«r 78S-0 

Bolid  redduo 207-0 

Fibrin 3'S 

OorpuKle* 12S-E 

Albumen US'O 

Eitmttive  and  aalioe  umlten  ...  7  'T 

Fat 1  '6 

Hence  it  is  obvious  that  the  special  effect  of  bleeding  is  to  lower  thi 
portion  of  Red  cori>ii.wlei,  and  that  it  has  no  power  of  effecting  n  dimimi 
tion  in  the  amouut  of  fibrin.  We  ahall  find,  indeed,  that  in  infiammntcn 
diseases  thcamouut  of  fibriii  undergoes  an  extranrdiuaiy  increase  {{  lit 
which  is  not  checked  in  the  slitrhtest  appreciable  degree  by  the  iu< 
copious  venesection. — It  is  remarkable  that  after  very  condderable  li 
of  blood,  a  decided  increase  shows  itself  in  the  ])ropiiilioM  of  Oolourl 
corpnscIeB,  notonlyrfl/o/ii-e/f/(as  to  tlio  red)  \nii  (ih«i)liit/'/i/ :  so  that,  intb 
blood  of  a  Hoi-se  from  which  50  lbs.  have  been  jirevioualy  akstradM 
the  coloured  and  the  colourless  corpuacles  appear  to  cxiat  in  eqoi 
numbers.  § 

179.  We  have  now  to  consider  the  differences  which  present  fchemselm 
in  the  composition  of  the  Blood  drawn  from  tliffevcnt  vcssi'la  of  the  Hun 
body;  these,  it  is  obvious,  being  dependent  on  the  changes  to  which  tk 
fluid  is  subjected,  during  its  passage  through  organs  that  will  appropri 
or  change  its  several  constituents  in  an  unequal  degree.  And  the  ft 
and  most  important  of  these  seta  of  differences,  is  that  which  eiii 
between  Arterial  and  Venous  blood.  The  analyses  already  cited  liavi 
been  made  chiefly  upon  the  latt«r.  it  will  be  sufficient  here  to  slats 
genera]  resultaof  comparative  inquiries  into  the  composition  of  thafonnwj 
The  quantity  of  solid  constituents  pertaining  to  the  Corpuscles  is  sinalls 
they  contain  relatively  more  hsenintin  and  salts,  but  much  less  fat. 
liquor  sanguinis  is  somewhat  richer  in  FUrrin;  but  it  contains  a  1; 
proportion  of  water,  and  consequently  less  Albiiinen.  The  Fall;/  7iwi(i 
of  the  sei-uni,  as  well  as  of  the  corpuscles,  are  considerably  diiuiniaiiedj 
on  the  other  hand,  the  Extractiit  via/tern  arc  decidedly  increased.  It  11 
affirmed  by  Dr.  G.  O.  Reea,||  that  the  phosphorus  which  exists  in  venoi 
blood  in  an  unoxidlzed  stat^,  united  with  the  fiit  of  the  corpuscles,  is 

■  "Ueller'B  Archly,,"  bund  iv.  p.  38(5. 

tSee  '■  Meiiiwi-Cbimrgical  Reviex,"  Oot.  1847. 

J  "  AnalomTml  nnd  Pliysiolugiial  ReBearchea,"  toI.  ii.  p.  28. 

£  KoUikcr's  "Mnitu.'il  <>r  Unman  QistotDgy"  (Syduuluun  Swietj's  Bdit.),  tul.  il.  p.  1 

II  "Pliiliwipbicjil  Miigstiii","  vnl,  Touiii.  p,  2S. 
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is  fully  confirmed  by  the  experimenta  of  Dr.  Gairdner,*  on  the  influence 
of  the  rtatiiration  of  pure  oj^gen  on  the  production  of  iibrin.  Aa  the 
Rabbit  was  on  many  a<;ix)unts  the  most  convenit-nt  warin-blooded  imimaJ 
for  Huch  a.  trial,  ho  first  set  hinmelf  to  determine  the  normal  proportion 
of  the  uonstituents  of  its  blooiL  The  aualyais  of  the  blood  drawn  from  the  ] 
aorta  in  six  heaJtky  individuala,  yielded  the  following  results  ; — 


Kiam 

Ifai. 
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Fibrin 

i-es 

S'DO 

1-16 

Corpnwles 

.     82-36 

92  00 
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Albuman  .     . 
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On  the  other  hand,  the  snalyius  of  the  bloo<l  of  three  individuals  whicbl 
hwl  been  iniiile  to  respiru  pure  oxygen  for  half  iin  hour,  guve  the  following^ 
tui  the  proportioDH  of  its  com^xinenta : — 


Jfran 

ir«. 

in>. 

Fibrin      .     . 
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(JorpiiseloB      . 

.     8U-flB 
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It  is  further  stated  by  Dr.  Giurdner(Op.cit.,  p.  183),  that  a  rabbit  having 

been  kept  for  half  an  hour  under  the  influence  of  an  elcctro-maguetic 
current  betweou  the  chest  and  spine,  which  produced  a  great  Acceleration 
in  the  res])iratory  uioveiuentB,  its  blood  was  found  to  contain  as  much  as 
2'i)  parts  of  fibrin  in  1000. — The  larger  quantity  of  fibrin  in  arterial 
blood  of  itself  renders  its  coaj^duni  fii'Uier;  but  independently  of  thin, 
there  would  seem  to  be  a  diflerenee  in  the  quality  of  the  fibrin,  which, 
when  separated  by  stimcg  or  whipping,  is  more  tenacious  and  compM^fl 
in  arterial  than  in  venoiut  blood.  ^B 

ISl.  The  proportion  of  Red  Corpuscles  in  arterial  and  venous  blood 
reapeutively,  has  been  vuiiously  atat(.Hl  by  diflerent  observere ;  and  we  may 
easily  conceive  it  to  be  afii.'cted  by  several  eircumataneus,  which  may  jiro- 
duee  a  change  in  the  whole  projMrtion  of  the  solid  to  the  fluid  cousti-  ■ 
tuentx  of  the  bloo<l,  during  the  eom'Se  of  ita  cireulatiou.  Thus,  thefl 
discluirgp  of  the  contents  of  the  thoracic  duct  into  the  venous  system  near 
the  heart,  will  tend  to  dilute  the  blood  of  the  pulmouary  and  arterial 
eirciilatiim ;  whilst,  conversely,  the  escape  of  the  water)' part  of  the  blood 
by  the  I'etiftl  and  cutaneous  secretions,  and  by  transudation  into  the 
tissues,  wliich  takes  [ilaco  during  ita  passage  through  the  systemic  capil- 
laries, will  tend  to  augment  the  projioilion  of  the  solids  of  the  blood 
drawn  from  the  systemic  veins.  On  the  otlier  hand,  if  the  discharge  of 
fluid  from  the  thoracic  duct  be  suspended,  and  the  ajiiount  absorbed  from 
the  tissues  during  the  systemic  circulation  shoidd  exceed  that  which  i» 
transuded  (as  ap]:>cara  sometinies  to  hiipi>en,  §  178),  tlu^n  the  pr"j>ortion 
of  solid  matter  will  be  less  in  venous  than  in  arterial  blood. — No  such 
explanation  will  apply,  however,  to  the  very  marked  diflerenccs  exhibited 
in  Dr.  Gnirdner's  experiments  just  cited,  l>etwecn  the  proportions  of  red 
coq>iiacleB  and  of  alliumen  in  the  ordinary  arterial  bloo<l  of  rabbits,  and' 
in  that  of  the  indi^'iduals  whose  blood  had  been  hyper-arterialii^ ;  th«' 
sum  of  the  averages  in  the  former  case  Iwing  128-65,  and  in  the  latt«r 
109-79,  the  diflcrence  of  which  is  18-86,  orncarly  f "c-^etwi/A  of  the  larger 
amount.     Still,  that  this  dijference  is  in  git-at  part  due,  rather  to  dilutioa 

•  TreatiM  "On  Gout,"  2nd  edit.,  pp.  Ifi3-i. 
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carbonic  aciJ,  reB])ePtively,  upon  the  fomi  of  tUe  coipiiscic*,  (>oii(Iini] 
iden  Ihut  this  is  the  mtHle  in  wb'icli  tlicse  agents  affect  their  colmirj^ 
tho  former  causes  their  uoutrac'tiou,  luul  renders  their  cell-walbtliiukiiid 
granular,  so  iw  to  increase  tlieir  power  of  n.-llectiiig  light ;  whilst  llw 
latter,  |inxliioIiig  a,  dilatation  of  the  corpuscles,  thins  their  cell-wnll*,  uA 
enalles  tlieni  to  transmit  light  more  readily.  That  an  iiicivud^  iu  tb 
o]iacity  and  roflectiug  jjowor  of  the  eui[iu5cles  tends  to  ht-iphleii lU 
colour  of  tlia  Ijiootl,  is  shown  by  aji  oxjierimeut  uf  Seherer's;  wlm  I'uunl 
thiit  vflicu  ileU  Ijriuated  blood  hiid  been  darkened  l>y  tlie  lulditiocuf  u'vltf. 
its  origiuui  liright  colour  vaa  restored  by  the  iidditioit  of  a  little  iiiilk,ui]^: 
or  tinely-fiowdcred  chulk  or  gyjiaum.* 

183.  Allliough  no  difference  can  be  detected  between  aiiiijilfs  of  liliidd' 
drawn  from  various  jiarta  of  the  JrteriW  system  of  the  same  atiininl.  vrfT^ 
important  variations  exist,  as  might  be  exjteeted,  in  the  eom|" 
the  blood  <lrawn  from  the  several  [wrts  of  the  VenoiUi  syst<.'iji : 
ebauges  to  which  it  has  been  subjected  in  the  several  orgniis  I.!iruui;h  irliidiL^ 
it  hiia  pa^^aed,  are  of  a  veiy  diversiJied  eharactcr.    The  blood  of  tliu  Vi 
Portse,  for  exami'le,  ditlent  considenibly  from  the  blood  of  iho  He 
vein,  and  both  of  these  differ  fi-om  the  blood  of  the  Jugular.     So,  i 
the  blood  of  the  Splenic  vein  differs  from  all  the  ]ire«.-ding ;  and  wi  mu 
the  blood  of  tlie  Renal  vein,  although  tliis  latter  difference  haa  not 
been  demonstrated  by  direct  amilyBiK.     The  most  imjiortaut  and  biet- 
bliahed  of  these  diveraities  will  now  he  enumerated. — In  8]*aking  of  ■ 
comiiosition  of  the  blood  of  the  Vtntt  Porlm,  it  miist  be  reniembfriMi  tlu 
this  conaistB  of  two  very  distinct  faotoi-a,  namely,  the  blood  of  the  (1 
and  Mesenteric  veins,  and  tlie  blood  of  the  yplcnic  veiji ;  the 
having  been  altered  by  the  introduction  of  solid  and  liquid  aliment 
matters,  and  the  latter  by  its  circulation  throuj^'h  the  sjileen.     Tlic 
therefore,  ought  to  be  aepiinitely  studied ;  and  this  has  been  done  by  '. 
Jules  B6clard.t     The  ebiuacters  of  the  blood  returning  by  tlie  Gatr 
and  Meatriiieric  veins  from  the  walla  of  the  alimentary  coital,  are  of  coiu 
affected  by  the  stage  of  the  digestii'c  procc-sa,  and  by  the  natxtre 
amount  of  tlio  absorbable  mattei-s.  As  compai-ed  with  the  ordinary  mt 
blood,  the  total  quantity  of  its  solid  constituents  is  lowered  during 
early  part  of  the  digestive  process,  by  the  dilution  it  suffers  through  th 
imbibition  of  liquid;  and  ^s  dimiiiution  is  especially  i-emarkable  is  ' 
corpuscles,  the  relative  projiortion   of  albumen   being  increased  by  di* 
introduetion  of  new  albuminous  matter  from  the  food.     Towanls  tho< 
elusion  of  the  digestive   process,  however,  the  blood  of  the   mesenb 
veins  gradually  comes  to  present  the  ordinary  proportions  of  these  la 
components;  and  in  an  animal  that  has  been  suhject^sd  to  long abntineno 
it  does  not  differ  from  that  of  the  venous  system  in   genend. 

•  See,  on  this  Bubjeol,  the  reporu  liy  Schertr  iu  "Cnnstnlt's  Jahndlierichi"  for  If 
>ud  ■abBeqaent  J(«ra,  and  the  wurk»  therein  rererred  to  -.  nlsu  Muliler'a  "  Cbemtai 
Animal  ind  VegaUble  PhyiioluKf"  (Inuialfttol  hj  Pruf.  JohuBtoii|,  pp.  338— 3H.— Itl 
Lueit  Ulely  fuuad  hy  Brach,  that  hluod  imjirtgnnt^d  villi  juiygcu  bpn^aiefl  dnrker  andtf  t 
air-puiup;  while  blood  Bntnrat«<l  with  carlK>aic  ncid  and  }dni7wl  I'n  rai^u^k  did  nut  ti«n 
liBhtor,  liut  rtUiiiied  its  cliarapteriatic  dsrfc  titil  (whethur  treutcd  ailh  water  or  noil,  i 
withelntidirig  tbu  loss  iif  n  lar^  (jiituitily  nf  cjirliuuif  odd.      (See  "  Zvitadi.  (ur  Kii 
Zoul.,"  bond  IT.  p.  273.) 

'^  See  bii>  Memoir  id  the  "  AHi.  (iiia.  de  M6d.,''  i'  s^ric,  (om.  Iviii.  p.  U22,  atM^jj 
^d  hifl  ediliuD  of  his  fftther'M  ^'  Klomens  d'Aoatornie  G6nersJi^,'*  pp.  ^4£i,  2I1G. 
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from  the  interior  of  the  orgaui  iteulf  afber  its  removal,  tlie  : 
liaviDg  been  previously  lied.     The  nature  uail  amoant  of  thesP  rtinDf 
liowi'ver,  iliffer  in  a  very  marked  degree,  according  to  tlie  si 
digestive  oj^eration  jind  the  general  condition  of  tbo  nntritivt  ■ 
luid  it  is  til  tliis  circumstaace,  tliSit  we  are  prnljulily  to  aficribe 
the  diversity  in  tiie  result?  obtained   by  previous  experiment 
niurki^l  decrease  io  the  total  amount  of  solid  matter  is  Keucrally  i 
able;  the  average  of  twelve  experiments  giving  only  IHT'l  pw 
solid  constituents  in  the  splenic  blood,  whilst  the  arterial  bii«>d 
same  animals  cootained   239   parts,  and   the  jugiolar  venoas  blood  S 
parts.     Ttus   deci'ease   depends  upon   the  diminiahed  proportitin  of  fl 
corpiiselas,  which  seems  always   to   present   itself,  except   in   stAtred  I 
oxtiemely  ill-fed  animals ;  the  amount  of  this  reduction,  hoYrevi^r,  wrii 
extremely,  having  been,  in  one  of  tlie  boraes  experuncnted-on  by  Mr.Oil| 
(Op.cit.,p.  157).  somewliatless  than  one-fourth,  in  anotheraboutoni,''t)un 
to  another  about  one-huli^  in  another  oa  muchaetwo-thirda,andiiianMlM 
no   less  than   five-sevenths.      On   the   other   hand,  the  albuiiifu   \%i«m^ 
exhibits  a  marked  iiicreuHe,  which  may  even  double  its  previon  ■ 
and  this  seema  greatest  at  an  interval  of  some  hours  after  fee<i'    _ 
Jibrin  aeems  to  be  almost  constantly  augmented,  and  this  sometimai  m  i 
very  remarkable  degi'ee;  tbo  quantity  found  in  the  splenic bloo.1  i.\rvin| 
from  2-5  to  11*53  parts  in  lUOO,  or  from  an  umoont  a  Hitte 
usual  standard,  to  nearly  six  times  that  ,i 
It  does  not  appear,  however,  that  the  iDcreaH  i 
fibriD  and  albumen  stands  in  any  sui^h   r''''i 
iiuifomiity  to  the  diminutioD  of  tlie  m\  < 
that  the  augmentation  of  tlie  former  may  in  < 
attributed  to  the  disintegration  uf  the  latter: sot 
these   changes    would  rather   seem    to  be 
rent,  than  to  be  mutually  dependent*     The  blo 
of  the  Splenic  vein  is  further  remarkable  for 

iikfX;°.r,:i'ri^'XM"  ^^''^  proportion  of  colourless  corp.u.elas  (app 
i)i.>  Vpin  i.f  Pf^-Xi  ■'.  biwid-  derii-ed  from  the  white  portion  of  its  pai-euc 
frMorjjfiili.  ""     "   "■   ■   which  it  includes;  and  also  for  containing  a  in 

of  |)eculi(ir  cells  including  rod-like  ci-ystals  of ; 
disli-yellow  colouring  matter  (Fig.  38),  which  seem  to  be  red  eorpu 
in  a  state  of  degeneration  (§  142,  iii). 

185,  Many  eomparative  observations  have  been  made  upon  the  Uo 
of  the  Veiut  J'ortc  and  of  the  Htjmiic  vein ;  but  a  large  part  of  the 
according  to  M.  C'l.  Bernard,  are  vitiated  by  the  fact,  thaty  unless  A 
veua  ]iortffi  be  tied,  a  reflux  of  blood  takes  place  into  it  from  tlie  lit 
so  that  the  blood  which  flowa  when  it  is  wounded,  is  not  so  much 
as  hefiatio  blood.       According   to   this   experimenter,   the  blood  of  I 
hejiatie  vein  is  peculiar  as  containing  an  inci-eased  projiortion  not  ■ 
of  sugar  but  also  of  fat;  those  substances  being  generated,  during 


Fid.  SS. 


u 


'  It  9e«m9  obvioDi  Ihftt  micli  an  eniiTmoui  diminiitjon  at  the  Il«d  Gurpnaclia  ttu  ■ 
take  phuie  in  blood  nhich  U  pnitjaliy  or  completel;  ila-inaird  id  Ihu  urgun ;  liocB,  if  i 
tinmlatioii  throogh  it  nere  takiDg-plnue  at  the  aeRul  rate,  ill  the  bluml  Ln  the  Udj  < 
be  Hpeedilj  HobjechMl  tu  Uit]  process,   aod  ite  iNirpoBclea  would  be  (aa  it  were)  utlfi 
melt«d  down. — Piir  a,  sMemeal.  iif  Mr.  Ilray'n  views,  with  critical  oliMrvMiMil  '  ~ 
Me  the  "  Brit,  uid  For.  Med.-Chir.  Ee*.,"  Jul,  ISfiG. 
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blood  drawn  from  the  renal  m-tery,  and  only  "78  in  Lilood  dxn 
tlie  renal  voin  of  tlie  same  iininiftl.*     the  jiroportion  of  waltt,  T 
hoa  not  been  Biiiilj'ticiillv  determined  to  be  different. 

ISG.  AileniJii'iii  lit  tlvf  Ci/mponition  of  llie  Blitoci  in  Disaur.- 
tliia  Lead  it  ia  int«nded  here  to  consider,  not  the  state  of'  the   ilia 
every  principal  type  of  disenae  (which  it  is  the   duty  of  the  PathologI 
to  investigate),  but  the    most   im])ortJint  facts  which  tUu  stijily  of  1 
morbid  condiiioBa  has  atTonlud,  towards  the  determination  of  tijp  ca 
ditions  under  which  decided  variatiooB   tnke  place  in  tlie  ((iiaotitj'  i 
'[uality  of  its  principiil  ojiuponentfl,  and  of  tlie  effbcta  wliiuh  tliciw  nA 
tions  produce  upon  tlie  systom  at  large.     The  tirst  series  of  aiidiMI 
nected  rescarphes.  as  afford  the  re<juisito  matcriaU  for  this  iuipiiry,  w 
that  of  MM.  Andi'al  and  t!avan-et,+  which   is  still  of  stimdard   viUni 
this  was  followed  by  the  investigations  of  MM.  Bocquerel  and  Rodicr; 
and  many  additional  analyiies  have    been    made  by  Popp.  Sim<™.  un 
other  olservera.      For  tlio  pui-pose  of  comparison,  however,  iks  iilmd] 
remarked,  it  is  deaimble  to  employ  those  results  only,  which  hnvf.  bMl 
obtiiined    by  processea   essoiitially  the  same;    and  hence  the  follon"  " 
summary  will  bo  chiefly   based  on  the  statementa  of  the  Fn-iu-h  cxj 
mentera  whose  researches  have  been  just  ivferi-ed.t-o.- — It  is  nivi; 
however,  in  the  first  place,  to  assume  some  standard  of  compositii)!),  wfa 
may  bo  regardeil  as  sufficiently  characteristic  of  health,  to  lead  us  to  ] 
any  variation  which  pisaes  beyond  its  limits  as  eascntially  morbid; 
this  standard  must  be  fixed  according  to  the  method  of  ttiialysw 
jiloycfl.   Tliua.  allhougli  it  Ims  been  shown  (§  1711,  jio/f)  that  the  oitnililio 
of  tho  ppoportiomils  of  the  prinei|ial  oonntiluenta  of  the  blood,  fromr 
results  obtained  accortliiig  to  the  method  of  MM.  Andral  and  Oa» 
must  beheld  to  be  in  itself  erroneous,  yet  as  the  same  method  was  foUo 
in  all  the  analyses  of  morbid  blood  made  by  them  auci  their  sue 
the  requisite  standard  must  be  erected  upon  this  foundation  ;  and  the  I 
lowing  may  thus  be  considered  aa  the  normtd  range  of  variation  for  1 
principal  conHtttueiita  of  the  blood  in  health,  according  to  the  for 
mode  of  estimating  them : — 


Pihriu     .     .     . 

from 

2 

bi        3}   porta  per  1000. 

K«i  Curpiiw:le» 

», 

110 

,,     153         ,,               ,, 

Solids  of  Semni 

», 

72 

,,       "^         1,               ,, 

Water       ,     .      . 

,, 

760 

,.     816         .. 

1 87.  The  first  of  these  components  whose  variations  we  shall  coiidJ 
is  Fibrin;  the  estimate  of  which,  however,  is  open  to  an  iiii|iortM)l 
fallacy,  that  has  not  been  sufficiently  guarded-ngainst, — namely, 
atlniixture  of  the  Oolourless  corpuscles.  "  These,"  aa  Mr.  Paget  corrcotljl 
remarks,  "  cannot,  by  any  mode  of  analysis  yet  invented,  be  sejirmit. 
from  tho  tibrin  of  mammalian  blood ;  their  composition  is  unknown,  bnt 
their  weight  is  always  included  in  the  estimate  of  the  fibrin.  In  he-altli,! 
they  may,  [)erhaps,  add  too  little  to  its  weight  to  merit  consideration  I 
but  in  many  disuiisea,  especially  in  inflammatory  and  other  bloodnlis 
in  which  the  fibrin  is  said  to  be  increased,  these  corpuscles  become  i 
numerous  that  a  large  proportion  of  the  supposed  increase  of  the  fib 

•  "Bitunn'ii  ijiimul  Cbemistrj"  [Sjilcnham  Society's  Ed.),  vol.  i.  \;  2H. 

t  "  Kssii  li'HrtiijuUiiugie  PulLoKigir|ae." 

X  "EedicrdiesiUTiaUumpuaiUuuiluSauiiduiBrBtitdeSuitietduisl'BlatdtiMnliuliH,'' 
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VThrni  the  diseiu^O'  preaenta  iiltemations  of  incresse  anil  decline,  Uiaae  I 
marked  by  pi-eciHeJy-correspQuding  changes  in  tlie  i|iiuntity  of  Pilit 
An  augmentatioo  is  comiuoiily  observable  during  the  advaac^d  stage 
Pbtliisia,  in  spite  of  the  detflri oration  which  the  blood  must  then  hi 
undergone;  tliis  la  probably  dependent  iipoo  the  devfiopmoiit  of  Iw 
inflaiuHiiition  arouud  the  tuberoular  di-posite.  In  ono  of  Popii's  obeerv 
tioua,  tlio  proportion  of  fibrin  in  tbe  blood  of  a  phthisiwil  j>ali>.iut  w 
not  less  than  lO'T. — Some  experiments  jierfomied  by  M.  Andi;il  mi  lJ 
blood  of  pregnant  women,  seem  to  leitd  to  the  conclusion  thitt,  duiiiig  ll 
lirat  six  months,  the  Fibrin  is  below  the  normal  standard ;  and  tbMj 
subsequently  varies,  usually  undergoing  an  angmcntRtion  bctwrcMl  it 
sixth  iind  seventh,  and  the  eighth  and  niiith  months.  There  is  kbp.' 
diminution  in  the  Corpuscles;  aud  tliest-  cireunistanoea  oonibiucd  : 
the  production  of  the  '  btifly  coiit '  (^  20'j),  Tbcae  nbseryatiooa  . 
firmed  by  those  of  MM.  Beei|uerel  and  Rodier. 

169.  It  appwirs  obvious,  from  what  bos  been  just  sfnted, 
increase  in  the  quantity  of  Fibrin  ia  not  dejiendent  upon  th(<  febrile  net 
dition   wluch   is  secondary   to  the    local    infinmmatiou,   but    upon  tkl 
Inflanunatiou   itself     This   coucluaiou   is   conlirmed  by  the   intoratis 
fact  that,  in  idiojiathic  Fever,  the  proportion  of  Fibrin  is  dimiii 
instead  of  undergoing  an  increase.     This  diminution  was  conatautly  i 
sei-ved  by  Andral  in  the  premonitory  stage  of  Continued  Fevei- ;  in  : 
instances  the  amount  was  do  more  than  l*fi  porta  in  1000.     The 
portion  of  Corpuscles   was   found   to  have  usually,  but  not  coiislnullf 
undi-Tgone  an  iiicreaaf ;  as  had  also  that  of  the  solid  parta  of  the  . 
In  ordiiiiiry  Continued.  Fever,  in  which  thure  waa  uo  evident  comp 
cation  from  loeiil  ibsease,  the  quantity  of  Fibrin  varied  fi-om  4  :!  to  3i 
that   of  the  Corpuscles  from  I85'l  to  103-6  (excluding  a  ca»e  iu  whie 
their  amount  was  only  82-5,  which  was  that  of  a  Ohlorotic  femajp); 
of  the  solid  mattei-  of  the   Serum,  from  98-7  to  90-9 ;  and   that  of  i 
Water  from  iSS-tJ  to  8519.    Hence  the  quantity  of  solid  matter  . 
to  be  usually  increasad ;  but  the  peculiar  condition   of  the  blood  in 
disease  may  probably  be  stated  to  be  (so  fur  afl  regards  the  proportions  i 
its  principal   constituents)  a  diminution   of  the  Fibrin  in  proportion 
the  Red  Corpusclas.     Wlien,  however,  a  local  InHammatory  affen 
develop<i8  itself  during  the  course  of  the  Fever,  the  amount  <"f  Fibc 
increases ;  but  its  aiigroentation  seems  to  be  kept-down  by  the  febr 
conditiou. — In  Typhoid  Fever,*  the  decrease  in  the  proportion  of  Fib 
is  much  more  decidedly  marked ;  this  does  not  depend  uj^ion  abstineao 
for  it  ceasea  as  soon  as  -i  favourable  change  occurs  in  the   diseasu.  Ion 
before  the  cfTf^t  of  foixl  could  show  itself    In  the  ^Tii'ioua  easea  exaniino 
by  Audi-al,  the  blood  furnished  a   maximum  of  3-7  of  fibi-in,  and 
minimum  of  0-9 ;  in  this  last  case,   the  typhoid  condition  existi-d 
extreme  intensity,  yet  the  patient  recovertid.     The  proportion  of 
puscles  varies  considerably;  in  an  early  stage  of  the  disease  it  is  usimllj 
found  to  lie  absolutely  high ;  and  it  always  remains  high,  relatively  to  tha 
amount  of  fibrin.     In  'I'yphoid  Fever,  then,  the  abnormal  condition 
the  Blood,  iu  regard  to  the  disproportion  between  the  corpuscles  and  ih 
fibrin,  is  more  strongly  marked  than  in  ordinary  continued  fev«-;  vo 

*  M.  Auclinl  coaEoeB  tbis  term  to  the  gperaes  chuavtoriaed  b;  nloersIJoD  uf  Uie  no 
futUdea  of  the  inUaUnul  «tuial. 
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wliicli  tlie  blooil  wcw  nn»tyRi.'tl  by  Routier,*  tlie  proportion  m 
waa  iiomiiil  (iJL-.irly  1^2  purts  in  lOUO),  wliUst  llie  libriu  only  luuu 
to  0'9  parts  ii)  ILIOU. 

19U.  Tlie  amount  of  Rfd  Corpuscles  sinems  to  be  Bubjt-ct  to 
variation  witliin  tin;  limits  ot"  o'dinary  health,  than  is  tlmt  of  filirio 
the  condition  which  is  onlinarily  termeii  a  highly  aanguineous  icu 
mcnt,  or  I'leihoru,  it  in  chiefly  the  eutii'e  niasa  of  the  blood  that  nncf* 
goes  an  increase ;  but  whatever  excess  ther«  may  be  in  the  jiroporlion  ■ 
ita  solid  constituents,  this  affwts  the  Corpuscles  rather  than  tbe  fibril 
Plethoric  persons  are  not  more  pi'one  to  IiiflfLmmation,  tbAii  are  tlios*  i 
weaker  constitution;  but  thev  are  liable  to  Congestion,  eajieeially  of  it 
brain,  and  to  apoplexy  or  other  hemorrhage.     The  effect  of  bleeding  i 
dinuiiishing  this  teudency  iB  now  intelligible;  ^nce  we  know  tliiit  Im 
of  blood  reduces  the  proportion  of  corpuscles. — On  the  other  liiixiii.  ij 
that  temperamont,t  which  when  exaggerated,  becomes  Ameuiia,  tlicw  I 
a  marked  diminution  of  the  Corpuscles;  this   temjierameut   may  Ivwl  h 
two  ditfei-ent  conditions  of  the  system.      Id    Cliloroaia,  the    Red  (w 
puacles  are  diminished,  whilst  the  Fibrin  remains  the  same;  so  chnillu 
clot,  though  small,  is  finu,  and  not  unfrcquently  exhibits  the  bulfv  ooat; 
in  some  extreme  ca.9ea  of  this  disease,  the  Corpuscles  have  been  fnimd  H 
low  as  27.     The  inHuence  of  the  remedial  lul ministration  of  Iron,  'a 
increasing  the  ijuantity  of  Corpuscles,  was  rendered  extremely  prrc«(h 
tiblo  by  Andral's  annlyses;  in  one  instance,  after  iron  had  been  t^k 
for  a  short  time,  the  proportion  of  Corpuscles  was  found  to  bavi; 
from  iS-7  to  0-l'3;  wliibit  in  another,  in  which  it  had  been  longer  i 
tinued,  it  had  risen  from  16*G  tu  OS'T.     Ou  tlie  oilier  hund,  JlJMdiB 
reduced  still  lower  the  projmrtion  of  Corpuscles;  thus  in   one   insC 
their  amount  waa  found,  on  a  second   bleeding,  to  have  sutdf   from  681 
to  49.     The  full  pi-oportion  of  fibrin  in  the  blood   of  Chlorotic  patianti 
seema  to  account  for  the  infrequency  of  Ha'niorrliage  in  them :  whilst  ii 
also  leads  us  to  perceive  that  they  may  be,  equally  with  others,  till 
Buhjects  of  acute  Inflammation,  which  we  know  to  be  the  fai'l.     Bull 
diminution  of  Coipuscles  may  coexist  with  a  diminution  tij  the  amtninl| 
or  in  the  degree  of  elaboration,  of  the  fibrin;  and  this  condition 
to  be  charactei'iatio  of  Scrofula.     Andral  has  noticed  a  diminution  in  i 
proportion  of  Kvd  Corpuscles  in  other  Cachectic  states,  resulting  from  1 
influence  of  various  depressing  causes  on  the  nutritive  powers;  .-is  in 
case  of  Diikbotes  Mellitus,  in  which  the  patient  was  m<ich  exh.'kUisted ;  a 
&  case  of  Aueurisma!  dilatation  of  the  llcai-t  inducing  Dropsy;  and 
several  cases  of  Cachexia  Satuniinu,     The  proportion  of  Red  Corpu 
seems  constantly  to  undergo  »  marked  diminution  in  Scurvy:  ajjd 
been  found,  in  some  cases  of  this  disease,  as  low  as  in  intense 
The  same  may  be  said  of  the  advanced  stage  of  Bright's  disease  of 
Kidney,  and  of  '  Leucoojlhteioia.'     A  very  rapid  disintegration  of  i 
Red  Corpuscles  appears  sometimes  to  take  place,  when  a  morbid  jioison  ia 
pi-usent  ill  the  blood,  or  when  ita  comprraition  has  been  seriouaU'  alfecb 
by  the   loss  of  its  other  coiistituenta.      Thus  Dr.  C.  J.  B.  Wiilinrast 

•  "  Gawtl*  lies  Hftiiitnm,"  Mm.  vi.  No.  BO. 
t  The  lerm /ymp/wMVc  lift*  hocn  spplieJ  til  Ihisleniimriinienti  by  niiioL  l*nu  wu  laa 
ft  prei]c»minBJi™  of  Eynipb  m  the  HbtfurtiuDl  TesBtlB. 
t ''Prinpiplee  of  MBdidne,"  2nd  edit.  p.  116. 
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tlie   amount   of  ftlbiimen  lu  the  Berum  in  roducetl  below  the  nonffi 
BtandiinL     Tims  Dr.  Chriatisun  fouud  the  entire  solijs  of  tlic  seniiii  I 
be  reduced  in  aniae  instunces  to  S.'i  or  even  52  jiarts  in  HHtO,  his  cetimiil 
of  their  QorDiul  auiount  hi'inj;  S34 ;  and  ho  fuumt  the  sjiecifu;  ij^'svify  i 
thci  senim  to  full  us  low  as  llt^U  or  even  101  i),  the  ourmal  slnudanl  Uiu 
Srom  1027  to  1U31.   According  to  Andral,  the  diminution  in  the  lUuiM 
of  Aibiiiuen  in  the  i^eruni  ia  eizactly  proportioiml  to  the  qiiuutit}^  eM 
tained  in  the  Uriue.* — The  proportion  oi  fatlij  luntter  in  the  sur 
eapecinUy  of  the  cholesterin,  hna  been  fownd  by  MM.  Beojunr 
Rodier  to  imdergo  an  increase  at  the  comnieneement  of  mo«t 
diseases ;  aud  they  Imve  ttlso  observed  an  increase  of  fat,  and  es]H^dl 
choleaterin,  in  chixinic  iliaeaaea  of  the  liver,  in  Eright's  diseuse 
kidney,  and  in  tuberculosis.      The  quantity  of  fat  in  the  blood  sotn4 
undergoes  such  lin  augiuentntion,  hs  to  give  to  the  sertini  a  coij 
'  milk)iies3,'     Tiiis  has  been  uhsorved  by  Marect  in  a  case  of  diulwti 
Traill   in  heimtitia.   by  Chrislinon  ia  dropsy,  icteras,  aud  ue|ihriti*^ 
Zanarelli  in   pneunioaia,   and   by   Siou   in   miiTUiiiiiry   al>aei:ES.      In  llTi 
Troiira  case,  the  whole  uniouut  of  solid  matter  in  the  serum  was  ill 
^rts  in  lOUU;  as  muL^h  as  137  paiiiS  being  albumen,  whilst  43  wenfd 
In   ZiLtiurelli's  case,  the  blood  contiiiued  so  small   a   pi'ojiurlion  cif  M 
coq>nsclefl,   that  it  seemeil  milky  when  it  first  flowed;  and  it  did  mil 
undergo  a  regular  coagulation,  but  merely  separated  iiit<i  a  thickur  Kmlt 
thinner  portion.     This  blood  only  contained  !t5  parts  of  solid  Limiitit"' 
ents  in  lOUO ;  and  10  parts  of  these  consisted  of  fatty  matter,  and  II 
of  extractive  and  salines;  so  that  the  whole  amount  of  fibrin,  corpu 
and  albumen  was  only  78  luu-ts.     In  Dr.  Sion's  case,  also,  the  hlo 
itself  was  quite  milky;  it  underwent  no  coaguLition;  aud  only  a  va 
small  quantity  of  colouring  matter  was  deposited,  when  it  w.os  allowtd  I 
stand.     Tlib  blood  was  found  by  liecann  to  oontMiu  2lllj  part*  of 
constituents  in  1000;  but  of  these  no  leas  than  117  pai-ts  were  fat,  1 
remainder  consisting  of  albumen  (Ij4-  parts),  aud  of  extractive  and  i 
i^Ia  pai'ts).     No  fibrin  could  be  found,  aud  the  luaiitity  of  hKUUkb 

'  A  cue  ia  re]ul«d  by  Andrul.  uuder  tliU  heoit.  which  nffonla  ui  iDtereBlJiig  Hrmii 
Hon  of  tho  pBneml  facta  that  hnvo  teen  nttniotd  bj  bin  inve.'itignlions.  A  WdDiBn  wbu  I 
been  saffering  from  &i7sipelaB  uf  the  Sace,  luid  bud  lost  hlood  butb  b;  reneseclioii  imd  I 
leeohes,  bwnoie  the  subject  of  Albuiuitiurui.  The  blood  drsHD  at  tliLe  time  I'lhibiiod  I 
eonaidcntble  dimiiintion  in  the  pmportiun  of  Corjiusulea,  as  well  as  of  Albumfii,- 
whicb  the  pTeviouH  loaa  uf  bJ{x)d  fullj  lurouunled  for.  After  &  abort  perii>d,  dunng  ^ 
■he  liud  t>ecd  ullowed  a  fullar  di«t,  anolber  ciperimDntal  bleeding  nJiibil*J  an  iu 
the  iiro[uirtipn  of  CorpiiMlea.  Some  time  aftem-.inia,  wbuo  the  AUiun.en  bnJ  ilia 
from  tlia  Uriue,  Bonit'  mure  blood  »4»  -iniwii ;  aud  it  was  then  obaqrvod  thht  tlie  . 
of  the  Serum  bod  rDturaiil  to  its  due  pruportiou,  but  that  the  Carpuaeles 
dimioiahed,  whilat  there  viaa  m&rked  inomLSe  in  the  quautity  of  Fibrin.  Thja  %X% 
WH  fnllj  (icwiiinted-for  by  tho  fiwt,  that,  in  the  interval,  ar^Toral  Ljuiphrtio  „ 
the  neck  had  been  inflamei]  aad  had  luppumted :  nnd  tlint  tha  patieot  bad  hueai 
placed  ."in  very  low  diet.  "ThuH."  obncrves  Andnvi,  "we  were  enabled  fo  gii-e  fti 
pielu  f.X|ilabiitioD  of  the  reiii.itkii.ble  o^ctlhtLuoa  wliicli  were  pnweotod,  in  the  |>ri)p(tf 
of  th£  drlToreut  elementA  of  the  bh^xl  drawn  at  tliree  different  times  frum  tbe  b 
jndividunl;  nud  thus  it  ia  tlisl,  the  more  extended  are  uur  enquiriea,  the  moiv  «gi>yi 
it  berumc  to  refer  to  general  [irineipleH  tlie  eausee  of  all  ihoae  ehauges  in  llie  coni.uiiti 
of  the  biLPod,  which,  from  the  frequency  and  rupidity  with  which  thoy  ownr,  tcrta  i 
Gtat  algbt  to  baffle  all  riilea,  anil  to  take  place,  as  it  were,  at  raDdi'in.  Id  tlie  midit  i 
thia  ap^>arcnt  disorder,  there  ia  but  tlie  fullilmeDt  of  lama ;  jtnd  in  order  Ut  oblAut 
it  ia  uaiy  oecefisttry  to  strip  tho  phenomeea  of  thoir  complications,  and  roduoe  liian  I 
their  iiiniple«t  form." 
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blood  b  nugnieuteil  to  Itut  a  small  degret-,  ii  fpuling  of  diaomufiHl  nil' 
opfiresaioo,  iucrcasiug  with  the  dui-atiou  ol"  tht:  internijitioii,  Ib  sjn-wli^ 
pvodiiced.  The  results  of  the  reteutiou  of  tlie  aiateriiilB  of  tlie  Itjliu; 
and  Urinary  excretions  will  be  hertaftw  cocaidered  (chap,  ix.) ;  iinJ  « 
present  it  will  he  only  reiuarkeil,  that  such  tL'tentioc  is  ii  mo«t  fertil 
8om-ce  of  alight  disorders  of  the  system,  that  it  is  largtily  cunceniwi  a 
inxidiicing  nmny  severe  diseases,  and  thiit,  if  eomjilete,  it  will  tiiust  W 
tiiiniy  and  ntpidly  hiTHg-aboHt  a  fatal  result, — The  most  retiiurlcijili 
cases  of  depravation  of  the  Blood,  hy  the  introduction  of  lualtcre  fron 
without,  iu*e  those  in  which  thesp  sulatances  act  as  Jenruriil*,  rvc-itinj 
Siioh  Chemical  cliangea  in  the  cnnstitutiou  of  the  fluid,  that  lis  wliftli 
chai"acter  is  sjieedily  cliauged,  tmd  ils  vital  jn-operties  are  nlt^  l'iiIi' 
destroyeil.  Of  such  an  occun-eoLii*,  wo  have  nhaiaolcristie  esiiiii|ili'  i; 
the  severe  forms  of  Tyjihoid  fever,  comiooniy  tenned  iiuiUyi'tint;  it 
Plague,  Glandei-s,  Piistiile  Maligue,  and  several  otlmr  iliseiu*^ ;  iu  wni 
of  which  we  can  trace  the  tlii-ect  iutrmluetioii  of  the  poiscti  into  till 
blood,  whilst  in  others  we  must  infer  (from  the  similarity  of  n«u!t)  ihll 
it  Las  been  intiMduced  thi'ough  some  obscui'e  cliannel,  probiibly  tlii'  loiifh 
The  evidence  which  wu  posaeaa  of  the  '  intoxicatiou'  of  tin'  DluuiLill 
these  and  other  cases,  derived  from  the  pervereion  of  the  nttltitlw 
operations  which  it  induces,  will  be  considered  in  the  next  Section. 

3.  O/'lie  Vital  Properties  of  the  Blood,  and  its  RelMionit  to  tht 

Qrganimn. 

lOi?.  It  canaot  be  doubted  thut  the  perfect  and  regukr  perfomiu 
the  variiiuB  actions  to  which  the  Blood  is  aubseiTient,  is  dc|Jcndcnt  i 
the  admixture  of  its  principal  com]Kinents  in  their  due  pixiportioiis,  i 
upon  its  fi"eedom  from  deletenous  matters,  wlietlier  I'ormed  wilbin 
system,  or  introduced  into  the  cii'cidating  current  from  without.    Anilil 
is  not  lUffi-Cult  to  see  how  any  considemhle  alteration  which  nflects  ib 
jiliysicdl  conditions  merely,  may  thereby  produce  a  most  seriona  ilistur 
ance  in  the  regularity  of  the  circulation,  and  in  the  fiinctiona  to  »  hich  id 
ministers.     Tlius  it  has  been  shown  hy  the  experiments  of  PuisseiiDl*,! 
that  a  certain  degree  of  viscidity  is  favourable  to  the  motion  of  liijuid 
through  capillary  tubes;  a  thin  solution  of  sugar  or  gum  being  found  I 
tr&Terae  them  more  readily  than  pui-e  water  will  do.     Hence  ajiy  sprim 
alteration  in  the  proiwrtion  of  the  organic  and  saline  compounds 
solved  in  the  liquor  sanguinis,  and  especially  in  that  of  the  Filirin  (o 
which  the  viscidity  of  the  lilood  appeai-a  chiefly  to   de[>eiid),   might 
expected  to  produce  obstruction  in  the  capillary  circulation,  and  to  faf  ou 
transutlation  of  the  fluid  portion  of  the  blood ;  and  the  numerous  csp 
ments  of  Magendie  (Up.  cit)  seora  to  favour  this  view,  althougb  ih^  i 
fai'  from  manifesting  that   character  for  accuracy  and  discrimiuatiti 
which  would  be  required   to  afford  an  authoritative  sanction  to  it, 
much  more  determinate  influence,  however,  must  be  cKcrled  u|ion 
Red  CorjniBclcs,  by  any  cause  which  seriously  afl'ects  the  specific  gravit^^ 
of  the  liquor  sanguinis  (§  158) ;  and  the  perfect  elahoi-ation  of  the  Alba 
miuous  constituent  ol'  the  senim  has  been  shown  to  be  requisite,  to  ' 
veut  it  from  copiously  transuding  the  membranous  walls  of  the  vi 

•  See  M.  MftgBMilie'a  "  Le^nna  sur  les  Phiuumouta  PbjBii]uo  de  In  Vie,"  tom.  iv.  p,  Sk 
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Svuin.  Tliis  separation  n-ill  not  occur,  liowi>\-er,  if  the 
bdce  place  in  a  i^liallow  vessel ;  nor  if  the  umount  of  Fibrin  aho 
aniall,  or  its  vitality  tow.  A  homogcntHiua  miifis,  deljcieut  in  finuniae 
presents  ita>lf  under  suph  cimumstauces ;  thmigh  the  siolid  part  of  llii 
■may  pass  into  a.  state  of  more  (tomplete  con<leD5ation  nfter  th«  UpM  of  I 
Oertain  time. — TLat  tlte  rH)agulatiou  is  due  to  tlio  Fibrin,  autl  that  tin 
Corpuaclea  do  uot  tnkc  any  active  share  in  the  prooese,  appetirs  fnB 
several  oousiderations.*  A  microscopical  examinatJon  of  the  Clot  ^ow^ 
ttiat  it  haa  the  same  texture  with  Fibrin  when  conflating  by  itself:  tin 
CorpiLscIes  alustering-together  iu  the  Interspaces  of  the  network,  and  itfl 
being  uniformly  ditTnsed  through  the  whole  moss.  Tlicir  t^p(«ific  gral^lf 
being  greater  than  that  of  the  Fibrin,  they  are  usually  must  ikbunilaol 
at  tho  lower  part  of  the  clot ;  and  the  upper  surface  ia  sometiinfs  nea^, 
colourless,  especially  when  the  coagulation  has  taken  place  elowly;  jtH 
this  upper  part  la  much  firmer  than  the  lower,  showing  that  the  Fibrin 
alone  ia  the  consul idatinj;  agent.  Itj  after  the  complete  isubsidence  of  t 
Corpuscles,  a  little  of  the  colourless  Liquor  Sanguinis  be  skimmt^l-oS',  itj 
will  undecgo  complete  coagulation,  forming  a  colourless  clot ;  as  was  la 
ago  shown  by  Hewsou,  The  same  fact  may  be  experimentally  dunjonst 
by  the  use  of  methods  which  effect  an  artificial  separation  of  the  Fibti 
from  the  Corpuscles.  Thus  Midler  placed  the  blood  of  a  Frog,  dilutf 
with  water  (or  still  better,  with  a  very  thin  syrup),  on  a  paper  BlUx  i 
sufficiently  fine  texture  to  keep-back  the  Corpuscles;  and  the  Liiju 
Sanguinis,  ha^-ing  passed  through  the  filter  completely  unmixed  will 
them,  presented  a  distinct  eoagtilnm,  although,  from  the  diluted  slat*  ( 
the  fluid,  tliia  did  not  possess  imich  eonsistency.  Owing  to  the  mo 
minute  size  of  the  Blood-discs  of  w&rm-blooded  animals,  this  experime 
oaunot  be  so  readily  pciibnued  with  their  blood.  So,  again,  if  ■ 
drawn  blood  be  continually  stirred  with  a  stick,  the  Fibrin  will 
to  it  in  strings  during  its  coagulation ;  and  the  lied  corpuscles  will 
left  a>i3[>ende(l  in  the  serum,  without  the  slightest  tendency  to  ooiiL 
Moreover,  if  a  solution  of  any  salt,  that  has  the  property  of  retarding  1 
coagulation  (such  as  carbonate  of  potash  or  sidphate  of  soda),  be  added  i 
the  blood,  the  Coi-puscles  will  have  time  to  sink  to  the  lower  stratum  i 
the  fluid,  before  the  clot  is  formed;  the  greater  part  of  the  crassamentn 
ia  then  entirely  colourless,  and  ia  found  by  the  microscope  to  contain  ; 
or  no  red  particles.  It  will  be  pi-esently  shown,  however,  that  the 
ferenoe  of  specific  giTivity  is  by  no  means  the  ouly  cause  of  the  separatk 
of  tlie  Corpuscles  from  the  Liquor  Sauijuinia  (§  '20S). 

198.  That  the  Coagulation  of  the  Blood  is  not,  as  some  have  siipjn 
a  proof  of  ita  death,  but  is  mther  an  act  of  vitality,  a]ipears  evidciit  ' 
the  incipient  orgauization  which  may  be  detecteil  even  in   an   orrlin 
clot;  and  stiJl  more  fi-om  tho  fact,  that,  if  the  effusion  of  Fibrin 
place  upon  a  living  aurfiico,  ita  conversion  into  a  fibrous  solid  is  th«  i 
act  in  the  production  of  solid  tis.iues,  which  become  constituents  of 


*  It  ia  ttmu-kobla  that  tbu  doctrine,  cteorljr  estAbtiEheil  by  the  older  PhjaEotipst*,  i 
BipBcinJly  lij  Hbwsoo,  shoulcl  fver  hii-o  Iwcn  pul  aaide,  eten  nmiporiu-ilj,  tiir  Uib  i 
tgnaLle  Ui^hilLfuia  LEiut  the  coikgulntlou  of  Iho  iilitod  ifi  Hae  t^j  &  runiiiiij.'.Ui^r^TlteJ'  vf  11 
red  iKKi'DSfles.  —  For  nn  iidmirable  Bumniary  uf  the  hiatorj  of  opinion  on  Ihiii  mt^a 
Bw  Mr.  Gnlliver'a  IntrnJiicIitin  ^p  his  EJition  of  IIdhboii'b  works  (puUiahaJ  b>  I 
Sydtbhun  Sucict.r). 
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H,  wsrtain  dcgreu  of  organizati'iii   wilh  gretit  nipidity,  but  do  not  go-oa 
to  thp  aiinn  jjerfi-'Ctiou,  anil  siicoflily  degenerate.* 

Ifl'J.  Instances  oceiiaiunally  preaout  themselves,  in  which  the  Blood 
iloos  not  coagulate  after  deittli,  or  coagulates  very  iio|)ert'ectly.      It  wo* 
affirmed  by  Huntert  that  no  coiigulation  oucura  in  the  blow!  of  n.ninial« 
hunted  to  death,  or  of  those  killed  by  lightning,  by  electric  shocks,  or  by 
blows  upon  tho  epigBfltrium ;    and  this  atatemeiit  liaa  heeu  generally 
received  upon  hia  authority.     It  ia  far,  howevor,  from  being  eonalaiitly 
true;  for  Mr.  Gulliver  has  collected  numerous  cuaea  iu  which  coagulation 
was  found  to  have  tiiken  pliiee  in  the  blood  of  animals  killed  iu  tach  of. 
theae  modes;  in  some  of  tiiem,  however,  the  coagulntiou  was  very  im| 
fact-I      It   is  not  improliable   that  some   of  the  inatances   of  flpjuuvnt 
abeenae  of  coaguhition,  were  I'eally  cases  of  reianUd  coagulation  (^  ;iO0); 
Hud   Dr.  Poll!  goes  ao  far  aa  to  maintain,  that  the  complete  absence  of 
ooaguhiting   power  is  h.  phenomenon  which  has  no  real  esisteHCC      H« 
slHtes  that  he  has  never  met  with  an  instance,  iu  which  the  blooil,  when 
k'tl  to  itself  aud  duly  protected  from  exteiTial  destruetive  influences,  did 
not  coagulate  before  becoming  putrid ;  and  that  he  htifi  more  than  onctt^ 
found  blood  bo  coagulate,  which  hud  been  taken  in  a  fluid  atate  from  tlwl 
vcsseb  thirty-six  or  forty-eight  houra  afttr  death.§     Still  there  aeems  no 
■"easonable  doubt  that  nou-coagulation   mny  occur,  when  the  blood  bos 
been  previously  subjected  to  conditions  winch  oflect  the  vitality  of  i' 
fibrin.   Such  appears  to  be  the  case,  for  example,  when  death  occurs  frn; 
Asphyxia,  as  by  hanging,  ilrowning,  or  breatldug  of  irrospirable  gases  ;Q 
and   the  same  hss  been  observed  in  cases  of  poisoning  by  hydrucyantO.] 
Btid,  in  which  asphyxia  was  probably  the  immediate  cause  of  deiitli.      Ibi 
certain  disejtaed  states,  again,  we  have  seen  tliat  the  coagulating  po 
aeema  to  be  completely  deficient  {§  189). 

200.  Tho  length  of  time  wliich  elapses  befoi-e  Coagulation,  and  the' 
degree  iu  which  the  clot  solidifies,  vaiy  considei-ably;  in  general,  tbey 
avii  in  the  inverae  propoi-tion  to  each  other.  Thus,  if  a  large  quantity  rf 
blood  be  withdrawn  from  the  vessels  of  an  animal  at  the  same  time,  or 
within  abort  intervals,  the  [wrtions  that  last  flow  coagulate  much  more 
vapidly,  but  much  less  tinnly,  tlitin  thosu  first  obtained.  In  blood  di'Hwn 
during  Inflammatoi'y  states,  again,  the  coagulation  is  usually  slow,  but 
the  clot  is  ] ire tematu rally  firm ;  especially  at  its  upper  part,  where  ths 
BuSy  coat  (§  305)  or  colouileas  stratum  of  fibrin,  gradually  contract^' 
and  produces  tho  'cuji,'  which  may  be  generally  considered  to  indicate  a 
high  degree  of  Inflammation.  Although  the  Blood  withdrawn  from  the 
lnxly  coagulates  (except  under  the  peculiar  circumstances  just  stated), 
whether  it  be  kept  at  i-est  or  in  motion,  whether  its  temperature  bo  High 
or  low,  and  whether  it  be  escluded  fixim  the  ajr,  or  be  admitted  to  free 
contact  with  the  atmosphere,  yet  its  coagulation  may  be  accelerated  or 

■  See  HTpi?f  ifllly  Wt-  DuLr^mple^p  Memoira  *'  On  the  rapid  i>rguui»tio[i  of  Ljmpli  ia  '. 
Ciwliciia,"  ID  Uie  "Med.  Chir.  Ttaaa,,*'  tpI,  ixiii. ;  and  "  Ou  tliB  enclj  orgsniiiitiun  <jCJ 
(.'•Hi^ln  Mid  miied  GbrinDns  cffiLsintii  uiider  certain  camUtJcuui  of  the  ■jsteoi,"  Op.  elk  [ 
vul.  ixrii. 

+   ■■  Tha  WorfcH  of  J"hu  Iluiik'r,"  edil«]  bj  Jamca  P.  Palmer,  vol.  ili.  pp,  34,  114_ 

t  Bee  "Ediuk  Hei.  aud  Surg.  Jouni."  Oct.  164S,  pp.  UUT,  418;  aud  hu  EiUtioD  efj 
"  Hewwiir"  W.irkh."  pp,  2ll,  21. 

i  "  Aiiniili  I'ni'erwili,"  ]S4fii  nnd  "  lUiikiii^'n  Alfflinitt,"  vol.  ii.  p.  33T. 

U  See  l)r.  J.  Dkvj'H  "  Phjiaiulugical  aud  Amtomiual  Iteiieiuchia,"  rgl.  ti.  p,  liUi. 


I 


186 


OP  THE  blood;    its  VITAl  PBOPESTrE^ 


then  toke  place,  aJthough  in  most  casta  less  perfectly  than  it  wiwT 
doiient  first.  Thsire  H.i)[Hsa.i-s  to  bi?  no  limit  to  die  timoiluring  wliii-diln 
ooaguUition  may  he  thua  postponed;  thus  Mr.  Gullivei-*  moii 
ho  has  kept  honte's  blooil  fluid  with  nitre  for  fifty-seven  week'-, 
it  Btiil  i-emlily  coagiiliited  when  diluted  with  water  (Op.  dt.  p.  12).- 
not  HO  difficult,  tliei-efoit!,  as  it  might  otherwise  seem,  to  giTO 
the  fltatemont  of  Dr.  Polli,  thiit,  in  a  case  witnessed  by  himself^  i 
coa^liition  of  the  blood  did  not  take  place  until  fifteen  days  after  i 
beeu  withdrawn  from  the  body;  and  that  fifteen  days  more  eti 
before  putrefiietion  commenced  in  it.  The  upper  four-fifths  of  I 
were  colourless,  the  red  eorjiuaeles  occupying  only  the  lowi-st  fifth.  It] 
additionally  remarknble,  that  the  [latieiit  (who  was  suffering  under  acal 
pnoiimouia),  being  bled  very  freijuently  during  the  aucceediug  wtvk,  I 
blood  gradually  lost  ita  indisposition  to  cfjagulate.+ 

201.  It  haa  been  maintained  by  some  obsei^'ers,  that  u  cerlaia  Ubo 
of  heat  ia  liborated  during  Coagulation;  Vmt  tliia  idea  would  sccin  to  hm 
beeu  founded  on  a  fiineied  analogy  between  coiiguliitiou  and  tr^eao 
and  it  is  negatived  by  the  careful  observations  of  Hunter,  Suliroeder  ^ 
der  Kolk,  J.  Davy,  and  Denis. — Again,  it  has  been  asserted  that  ' 
of  coagulation  is  atteniled   by  the   extrication   of  a   small   quant 
carbouic  acid;  but  there  is  no  sufficient  pi-oof  that  bloud  in  cm 
givea  out  more  wirliwnic  acid,  than  it  ordinarily  Joes  by  exjioaurc  t«  ( 
air  (5  179).      Moreover,  it  haa  been  shown   by  the  experiments 
H.  Davyt  and  Dr.  J.  Davy.J  that  no  efieet  Ls  prodriccd,  either  in  i 
rating  or  retarding  coagulation,  by  placing  blood   in  an  atuicis|ih 
nitrogen,  nitrous  gas,  mtroiia  oiide,  or  cftpboiiic  acid ;  and  it  has 
found  that  coagulation  still  takes  place,  even  if  the  blood  be  agitated ' 
carbouic  acid. 

202.  The  vital  cjjndition  of  the  walls  of  the  blood-vessels  appesnl 
have  an  important  influence  upon  the  fluidity  of  the  Blooil.  Thus  it  1 
been  found  by  Sir  A.  Cooper  and  Mr.  Thackrah,  that  whilHt  blood  is 
closed  in  a  lii-iny  vein  retained  its  fluidity  for  some  time  (§  200).  bio 
aimilarly  encloped  in  a  /lead  vein,  the  atmosphere  bt;ing  completely  eitclu'li 
coagidatcr!  in  a  quai'terof  an  hour.  Moreover,  infl;iiiimatiou  of  the  ■ 
of  the  blood-vessels  (which  is  a  couditiou  of  de/rri'merl  vitidity,  CHtP. 
Sect.  3)  promotes  the  eouguhition  of  the  blood  which  they  contain ; 
thus  it  is,  that  the  trunks  both  of  arteries  and  veins  fi-eqnently  I 
choked-uji  by  coagula,||     Moreover,  although  there  can  lie  no  doubt) 

•  Mr.  Gnllirer  considers  this  fart,  togetlier  with  the  ocourrenoa  of  co«enl»KriD  in  \ 
tliaving  of  bluud  wbicli  hiia  Ik'l'q  frman  whilxt  jet  fluid,  as  concloBiTS  agaiusi  Ihn  riJ  j 
cfa&raoter  of  the  a^t ;  remjirking  thai  if  wq  liL'lil^Te  the  cuHgnlatdaa  14  be  ao  v^'.-Tt  i>r  ILCl,  I 
we  mnst  admit  tiiat  we  cnn  freeie  and  pickle  the  life  (tip.  eit.  p.  21i.  No  socli  *liuis«i«,  I 
however,  ianeisiiwiry.  Wt  do  not  freae  ami  pickle  tlie  life;  Imt  we  Mniplj  jiiwb'II 
tlic  vita]  prop>Mlii!j  of  the  BUbslniiFe,  h;  prcveuting  it  from  undergoing  a|K>iiiiuiwiilJ 
cbang?;  thus  dcdng  the  t&ino  for  the  b]<xid,  as  may  be  done  for  seod^  eggs.  AOil  m 
higblj-orgnniied  buiiies,  which  may  he  kept  in  n  slate  of  '  domiiuit  vitality'  for  uniimili 
p«rii«la,  liy  eiHiling  nr  Jrying  them,  or  hy  secluding  tleiii  from  the  stmusphBre. 
"  rriiie.  ufUeo.  Thjidol."} 

+  "UazettH   Me'lien  di  Milnno,"  Gunn.   SO,  lS4i  j  cited  in  Mr.  Pagot's  'Bepm^t 
"Brit,  lu.d  For.  Med.  Rev.,"  vol.  six.   ji.  252. 

t  "  Besftiflies  ot>  SitriiuB  Oilde,"  pp.  ;130-1. 

E  "  Analotriicii!  nml  Piijuiolopjcal  BUsesiches,"  vol.  ii.  yi,  71. 

II  It  was  observed  hy  Huuter,  and  hoa  been  frequentlj  noticod  ance,  dint  when  ami""- 
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occasioning  coaguIftUi  form,  whilst  it  is  yet  actively  moviag  in  thevesseh 
of  till;  liiing  iKHly.  Thus  M.  Dupuy  fuunil  that  the  injection  of  cervbr 
sabstiuici!  into  tht^  vtiiiis  of  u.n  luiiniiil,  occiisioiietl  its  deatL  alaioist  as  . 
stantaneuusly  aJ<  if  {iru^sic  uciU  biul  been  a^uiiiiisterml ;  the  circulatio 
lieiug  nipiUly  brought  to  a,  stuud,  by  the  fornuLtion  uf  voluujiiioUB  clutB  in 
tlie  heiirt  and  large  vesecls,  Tlifse  experimfnts  were  repuattd  and 
finned  by  M.  do  blaiiiyille.*— The  Bniue  effect  ia  jiroduced  -with  still  mora  j 
[M>teucy,  wben  tht;  substance  injected  is  rather  undergoing  dt^nuUlia%J 
than  actuiilly  iluidj  for  it  then  aeema  to  act  sometvhiLt  aller  tiic 
of  a  fei-mecit,  pro<luciug  a  ui!u-kud  diuiinutioii  in  the  vitjility  of  the  i 
nod  fluiila  with  which  it  uiay  be  bix>uf;ht  in  contact.  Such  i;; 
ncntly  the  case  with  pu-e,  as  was  long  a^'o  observed  by  Hunter,  and 
Mr.  H.  Lee  has  since  determined  more  prceisi'ly.  It  was  lonml  by 
latter,  that  healthy  blood  received  into  a  eup  containing  some  uSeniav 
piia,  coagulated  in  two  miuiiteii  :  whdst  another  sample  of  the  :ra.iue  blc 
received  into  a  clean  vessel  of  similar  size  and  shape,  required  Ji/ 
ininntea  for  its  c*nnplete  ooagulatiou.  When  he  injected  putrid  pus  int 
the  jugidar  vein  of  a  living  iiss,  coagulation  took  place  so  iiiKtiUitanuoufiljl 
as  to  produce  an  immediate  obsfniction  to  the  cuirent  of  blood,  so 
the  vessel  at  once  aci^uired  a  coid-liiie  chanicterj  and  in  this  mode,  th 
pus  was  usually  ju'oveiited  li'om  liuding  its  way  into  the  general  curreo 
of  the  circulation.  Whilst  it  thus  ivniaina  circumscribed  by  a  coajjuluin 
of  blood,  the  pus  so  introduced  seeius  to  produce  no  other  constitutional 
disturbance,  tlian  is  attributable  to  the  local  injury;  but  if  the  circi'-m- 
scriptiou  should  be  incomplete,  and  the  pus  should  be  carried  into  tlie 
geneml  circulation,  it  becomes  a  source  ol'est«nHive  mischief,  detfrniiniiig 
tlie  formation  of  ab^esneii  iu  various  parts,  and  producing  a  most  deprnB- 
ing  iotlueuce  on  the  system  at  laj'ge.t — The  eflcct  of  cei-tain  luiiiiitd 
jjoisoiis  of  a  still  nmre  potent  nature,  wben  introduced  into  the  current  cif 
the  cireulatjon  (as  by  tlio  bite  of  venomous  serjienta),  appears  to  be,  like 
that  of  a  high  lenipeniture,  the  entire  destruction  of  the  cougid;iting  jiower 
of  the  blood,  a.s  well  as  of  the  vitjU  endowments  of  the  tissues  gtiucrally 

204,  The  proportions  of  Scrum  and  Clot  which  present  themselvtB  after 
coagulation,  ai'e  liable  to  givat  variation,  independently  of  the  amount  of 
the  sevcml  ingi'odients  characteristic  of  eitch;  for  the  craasameutiuu  may 
include,  not  only  the  tibrin  and  I'ed  corpuscles,  but  also  a  large  projiurtiuu 
of  the  serum,  entangled  (as  it  were)  in  its  substance.  This  is  purlicularly 
the  case  when  the  coagulation  b  rapid;  and  the  clot  then  exjiels  little  or 
none  of  it  by  substupieDt  contraction.  On  the  other  hand,  if  the  coagu- 
lation be  slow,  the  particlca  of  fibiin  usually  seem  to  become  moi-e  com- 
pletely aggregated,  the  coagulum  is  deuser  at  tii-st,  and  its  density  i> 
greatly  increujsed  by  subseijuent  contraction.  When  a  tirm  ti'eBh  clot  is 
i-emoved  from  the  liuid  iu  which  it  is  immci'sed,  its  contraction  Is  found 
to  go-on  increasing  for  24  or  even  4S  honin,  seiiim  being  wiueezed-out  in 

•  "  Giiwtt*  Mrdicjilu,"  1634,  p.  621. — ThHre  is  no  riaiaun  Iu  Hnpiiuse  Uut  CBiobnJ 
AubaUmoe  pussoju'eii  n  mure;  ^peciikl  jiiHiiirnuB,  tliaa  wimliJ  U:  ciurt<jd  li;  any  otber  tintw 
whicli  lyiiiUl  be  Wf  frOuily  iLiiAeil-u)t  witb  Uie  cliviiJating  i^unrul.  The  jtrweuw  of  4  ple^ 
uf  fluili  iir  i>r  Uu;  clul  uf  MihhI,  an  I'ruf.  Uuchuuii  liu  cbnivQ,  often  Huffina  to  dtMnniM 
tliE  uui^uliiUiiD  uL'  lilirui  ill  11  Hilutitiu  I'ruiD  wLirh  it  would  nxt  iiIIiltwuc  have  M.'iiuahil. 

t  Soe  Mr.  II.  Lw'a  txcdlvuc  TreBliHi  "  On  Ihc  Orii^u  of  liiilanimatiiin  uf  llie  Vvlni!, 
■Ill]  OS  runikul  Ui-punitA." 
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rate  of  einking  increases  with  their 
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aggregation ;  bo  that  whilst  they  i 
abuut  an  «igbth  of  an  iiioU  ilunng 
the  first  two  or  three  miuutr*, 
they  aink  through  five  iir  six  tiitiis 
that  sjiHue  in  the  next  int#mil  of 
the  same  lengtli.  Tlint  the  (jtiick- 
neas  witli  which  they  thiis  ajgi-e- 
gale  iu  tlie  lower  part  of  the  doi, 
does  not  tiejieiirl  (in  the  case  of 
inUammatory  blood)  u])ou  the  mere 
facility  with  which  they  sink,  was 
further  determined  I'y  the  use  oi 
meanis  which  teiKled  to  diminish 
or  increas*  theu'  aggr^5Htii:in  ;  thus 
it  was  found  that  the  addition  of 
weak  saline  solutions,  by  wlitdi  tlic 
li(|uor  aaaguiiiifi  is  attt'iiualed,  but 
whieh  diminish  tlie  mutual  atirao- 
tion  of  the  red  otrpriseles,  par- 
tiidly  or  completely  jirevcDted  tbe 
formation  of  the   buffy   oout,  in 

blood  which  exhibit^   it  stronirlv 

p  ■ 

when  left,  pure,  even  lliougli  its 
ooagiilfttion  was  considorably  retarded  thereby ;  oii  the  other  Iiaud,  tie 
addition  of  mucilage  with  a  small  (juantity  fif  saline  matter,  the  eflert 
of  which  is  to  promote  tlie  aggregation  of  the  corpiisclea,  tvnded  to 
dcvolopo  the  bufty  coat  by  increasing  the  rat*  at  whicli  they  sink. 
Now  ae  it  hiia  been  found  that  lii^uor  sanguinis  deprived  of  its  corpuscles 
coagulatoa  more  slowly  than  unaltered  blood,  it  does  not  seem  improbiihle, 
as  Mr.  Gidlivor  hn-t  reiaiirked,  that  this  separation  of  the  two  couipouenis 
of  the  ciuitsameuium,  which  determine  the  formation  of  the  buffy  coal, 
ia  portly  tlie  cause,  rather  than  the  consequence,  of  the  slowness  of  the 
coagulation  of  inflammatory  blood. — It  is  in  the  buffy  coat  of  inflaminatorv 
blood,  that  we  see  the  clearest  indications  of  organization  ever  presented 
by  the  circulating  fluid.  The  fibrous  network  is  frequently  eitremely 
distinct ;  and  it  commonly  includes  a  large  number  of  colourless  cor- 
puscles in  ita  meshes,  these,  indeed,  being  sometimes  so  numerous,  that  ii 
is  almost  entirely  composed  of  them.  In  its  Chemical  Composition,  the 
bofiy  coat  nf  inflammatory  bloml  appears  to  be  peculiar;  containing  a 
larger  or  smaller  amount  of  the  substance,  readily  soluble  in  boiling 
water,  wliioh  ia  considen'd  by  Mulder  to  be  the  tritosidu  of  protein. 

20fi.  When  the  '  huff"  arises  from  other  cauwis,  however,  its  appearance 
is  less  chai-uctcriHtic.  It  appears  from  the  reaeai-ches  of  Ajidral,  that 
the  usual  condition  of  its  pi-oduction  is  an  inereaae  in  the  quantitv  of 
Fibrin  reUttivdij  to  t\ia  red  corpiiscleft,  and  not  a  ximplo  uugmentution 
of  fibrin.  This  increase  nt.'iy  occur  in  two  ways; — cither  by  an  absolute 
increase  in  the  fibrin,  the  amount  of  the  eoipuseles  remaining  unchfttiged, 
or  not  being  augmented  in  the  same  proportion ; — or  by  a  diminution  of 
the  corfiuscles,  the  (juantity  of  fibrin  romaiiiing  the  same,  or  not  dimi- 
nishing in  the  same  proportion.  Hence  in  severe  Chlorosis,  in  which  the 
hitter  condition  is  sti'ongly  develof led  (§  1 80),  the  '  buffy  coat'  may  be  as 
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tlie  vital  CDilowmenta  of  tLe  Jiving  tisaiios  with  whioh  it  is  in  cvintid 
For,  iks  wo  have  seen,  the  main  comlitiun  of  onagiilation  is  tlie  ilitiiuiiiiiij 
or  cea^iation  of  their  agency,  either  by  the  withdrawal  of  liliwiii  ffiin  ik 
body,  or  by  the  death  of  the  orfpinism  encloaiiag  it,  or  by   the  )i"f«B 
vitulity  of  the  tissues  tliroagh  which  it  movea  (J  202) ;  whilst  tneru  1(4 
niitiou  exerts  hut  a  socomlary  influence  upon  it  (J  200).     Anil  ''     ' 
seem  entitled  to  say,  that  the  liquid  condition  of  the  tihrin  is  ■■ 
n  bftlftiice  of  forces  between  tlic  fibrin  anil  the  living  tiasues,  tli"-iiii  LUi 
former  tending  to  its  sol  id  ill  cation,  whilst  those  of  the  lutter  maintiiiu  iti 
fluidity ;  hut  tliiit  if  the  latter  ahoidd  be  defioieDt,  the  former  emue  fsH 
uncontrolled  action,  and  expend  themselves  in  the  proilu(i,iou  r.f  n  liviiW 
organized  tissue,  the  highet  vitjilizutiou  of  which  dejiendsupim  '<ii 
operatioiis(§198).  TliesourceofthiBvitat  cmJowiuent  oftheFibn 
stituent  of  theblooil,  must  Iw  l'X)kod-fljriiitlieoi»erationstowIit. !. 
albuminous  pabulum  is  subjected,  after  its  tirst  reception  into  tl. 

208.   Of  the  pirtieukr  juirposew  which  are  served  by  the  Fi'ir  m  ■  !  r .^i 
blood  in  the  vital  economy  of  the  system  at  lar^,  it  must  b>.'  uniil'  i". 
that  we  have  but  little  positive  knowledge.      The  idea  Lao  l)een 
tained  by  many  Physiologiata  (including  the  Author  of  this  Irentino-),  I 
the  fibrin  is  that  element  of  the  blood  which  is  immediately  dmwn-u 
in  the  opemtions  of  nutrition ;   being  the  intermedial*  stage  bt'tw^li ' 
crude  albumen  and  the  solid  tisauca.      This  opinion  rested  in   [arli 
the  cuiTcnt  doctrine,  that  fibrin  is  the  constituent  of  Muscle ;  and  in  | 
upon   the  iisaiimptirm,  that,  as   fibrin   is   more  endowed  with    v'itid 
pertioa  than  any  other  of  the  liquid  cotiijKiuents  of  the  blond,  so  n»  to  I 
capable  of  passing   by  itself  into   the  condition  of  an  organized  tisme^l 
must  be   the  one  most  readily  apjiropriated  by  the  wirious  parts  of  i 
solid  fabric,  as  the  materiiil  for  thtiir  growth  and  development. — ^V* 
coiiaidemtionB  have  of  lat«  been  addnced,  however,  which  t*nd  to  1 
this  belief.     It  has  been  shown  by  Liebig,*  that  so  far  from  there 
any  evidence  of  the  identity  of  the  Fibrin  of  blooil  and  iho  subsb 
M\isc!c,  the  evidence   is   precisely  the   other  way.     On  the  other  i 
there  aiT  both  structural  and  chemical  indications,  that  Fibrin  is  in  a| 
of  transition  rather  towards  the  Fibro-gelatinous  textures,  than 
those  of  the  cellulo-albimiinous  type;  for  the  fibrous  network  wli 
formed  by  its  coagulation,  bears  a  greater  resemblance  to  the  whiU-  ] 
tissue,  thaji  to  any  other  texture  of  the  body;  whilst  the  points  ini 
the  chemical  properties  of  fibrin  difiev  fniiii  those  of  albumen,  are] 
■s  manifest  a  relationship  to  gelatin.     (See  Princ.  of  Oen.  Puth) 
aeeni  justified  in  ref,'arding  it,  then,  as  the  special  [Bibulum  of  thiwei 
Mecd'ue  tissues,  whoso  physical   offices  in  the   economy  are  so   iiiipor 
whilst  their  vital   endowments  are  so  low;  and  as  serving,  by   its 
formative  power,  for  the  generation  of  these  tissues,  wherever  and  wko^l 
ever  there  may  be  a  demand  for  thenL.— On   the  otiier  huiuL  there  jsl 
complete  ahaeuee  of  evidence,  that   the   Fibrin  of  the   blood  serves  mjI 
special  puiiiose  in  the  nutrition  of  the  Cellulo-albiuiiiiioua  tiasui*: 
thei'e  are  various  negative  indications,  that  their  generation  and  clcvi-lf 
ment  do  not  depemi  uixm  its  prcaeiico.     For,  in  the  fii-st  place,  tSu-n  »] 
evidence  that  a  tluid  destitute  of  coagulating  power  may  serve  the  giTUUil 
purjiosea  of  nutrition ;  this  being  furnished,  not  merely  by  auch  cosmmJ 

•   '■  Anu.  der  Pheri.  und  Phwin."  bund  Iciii. 
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piittiogABiilo  ita  iiresumctlimpjrtancc  ill  mniDtoining  tlint  pliy^ir 
dition  ol"  the  blood  wliicli  is  moat  favouniliki  to  its  (rev  Liovemcut  tLiiittg 
the  vessels,  nail  to  its  due  reteotiou  vrithin  their  walls  (§  I'JS),  *«  tin 
that  it  is  entirely  on  the  cuagulating  [■owere  of  tlii.'  blooil,  that  the  WM 
tion  of  hseniL-rrhagu  from  uveu  tlie  moat  trifling  iDJui-ies  is  depeniteii 
tliat  the  limitation  of  piinileDt  etfusioaa  by  the  cousolidatiou  nf  thi-TOi 
roimdiug  tissue,  and  the  safe  aeporatiou  of  gangrenoiis  [larts.  can  aol, 
take  place  in  virtue  of  the  same  property;  and  tbat  the  adUi-sion  i 
incised  wounds,  still  more  tho  filling-up  of  breaches  of  GubstAuco,  rHl<a 
as  their  first  condition,  that  either  the  blood,  or  matter  exuded  from  ; 
should  be  able  to  asaume  tbc  state  of  filiroua  tissue. — Tho  reeolU  | 
dejlciauy  of  coagulating  jMiwer  in  tho  blood,  are  fearfully  socu  in  ' 
continued  and  uuoontroUable  Sow  which  takes  pliice  in  Purpura  I 
blood  not  being  able  to  form  a  clot  sufficient  to  fUl-up  even  the ) 
nuide  by  the  scratch  of  a  pin ;  in  the  want  of  drcumscription  of 
tiona  of  pus  within  ubsoesses,  allowing  its  infiltration  through 
that  were  previously  healthy,  and  thus  occasioning  a  wide-spread  dwU 
tion  of  organized  texture,  which  is  characteristic  of  cert&in  fnnui  | 
inflammatiou   (this  result  being  usually  attributable  cither  to  & 
vioiisly-unhealthy  condition  of  the  system,  or  to  the  introduction  of  s 
flpetafic  poison  into  the  blood);  in  tho  absence  of  a  coiTCsjiondiiig  Ud 
tion  between  the  living  and  the  dead  parts  in  gangrene,  so  that  ha 
rhago  takes  place  on  the  sejiaration  of  the  slough,  the  vessels  not  ] 
been  previously  obstructed  by  coagula;  and  in  the  entire  failure! 
effort,  either  by  simple  adhesion,  or  by  the  formation  of 
tisBiiB,  for  keeping- tojjetlier  the  sidea  of  opcii  wuunils,  or  for  brii 
severed  parts  again  into  connection  (See  chap,  vih..  Sect  2).- 
otber  hand,  we  see  the  consequences  of  excess  of  the  proportion  of  Sb 
and  of  that  increased  plasticity  (or  tendency  to  fibiillate)  which  as 
accompanies  its  augmentation,  in  tlie  tendency  to  form  those  pli 
effusions  which  are  characteristic  of  tho  TnHauLmatory  stat«,  and  wh 
if  poured-out  uiwn  serous  or  mucous  sui-fiicca,  constitute  '  false 
branes' and 'adhesions,' or,  if  infiltrated  into  the  subatance  of  living! 
occasion  their   consolidation.      This   increased   phisticity  of  the 
however,  may  frequently  be  regarded  in  the  light  of  an  *  effort  of  ] 
to  antagonize  the  evil  consequences  of  that  depression  or  positive  ( 
tion  of  the  vitality  of  tho  solid  tissues,  which  ae«ms  to  form  an  i 
part  of  tho  inflammatory  condition;   and  thus  it  is,  that  v/h 
central  port  of  a  mass  of  tissue,  in  which  the  inflammation 
most  intense,  sufiers  complete  death,  and  is  carried-away  in 
purative  process,  the  peripheral  fiart,  in  which  the  violence  of  the  ill 
niation  has  been  less,  becomes  infiltrated  witb  plastic  matter  |ioa 
from  tho  blood,  and  forms  the  solid  and  impermeable  wall  of  the  ali 
(See  CHAP  VIII.  Sect  3.) 

210.  Turning  now  to  the  Corpuscles  of  the  Blood,  we  have  to  inqil 
into  their  speciol  functions,  and  into  the  nature  of  their  portieipaUoO  i 
the  vital  operations  of  the  system  at  largo.  Here,  also,  we  are  ohl 
to  rely  upon  evidence  of  a  far  less  aatisfoetory  nature  than  could  i 
desired ;  and  at  whatever  conclusions  we  may  aiTivo,  we  must  hold  th 
as  probable  only,  and  as  liable  to  be  modified  by  further  inquiry. — In  1 
first  placts  upon  looking  to  the  chemical  constitution  of  the  Bod 
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powtra  wp  coiTcapnndingly  ilepresswl;  tlio  wijiacitj'  tor  (ntslaiiifd exeTtimt, 
either  of  the  meutal  fnciOtiea,  or  of  the  motor  apparatus,  boing  aJmo^t  I 
destroyed,  although  both  tho  nurvous  itnd  imiHCular  systems  are  very 
easily  exdted  to  feeble  nctiou. — However  difficult  it  may  seem  to  explain, 
on  this  view,  the  peraisteui*  of  (my  degree  of  nervo-musRuliir  power,  in 
such  cases  as  tliat  already  referred  to,  iii  which  tho  Bed  ooipiisclea  ap-  ■ 
pca^(^]  to  lie  entirely  ileticient  (§  192),  the  same  difficulty  altends  tuij  fl 
attempt  to  assign  a  use  lor  them,  which  shall  he  in  accordnuiic  with  their 
■well-marked  imixirtance  as  constituents  of  the  BIihuL  And  we  may 
Buppose  that,  in  such  cases,  the  Colourless  corpuscles,  although  discharg- 
ing the  duty  less  perfectly,  might  perfoim  it  to  a  ceilain  extent,  as  ihcy 
Bconi  to  do  among  the  In  vertebra  ta. 

211.  Tin;  difficulty  of  precisely  detcrmlniDg  the  fiinctiona  of  the  Red 
oorpusiilea,  is  even  surpaased  by  that  of  assigning  the  probable  duty  of  the 
Coloui-les!!.  Tlie  ciJiisiderations  already  aiidiiced  appear  to  show,  that 
the  Colourless  cnrpuHcliw  an'  to  be  coiiaidered  as  cells  of  a  lower  gnulc 
thaa  the  Reil;  aiiict;  they  repntsciit  them  among  Invertcbmted  animals, 
and  also  in  the  incipient  blood  of  Yertebrata;  and  ahio,  because  cells  | 
resembling  tbe  former  (if  not  the  very  same)  pass-on  to  develops  thejn-  ■ 
selves  into  the  latter  (§  16!)).  ^till  we  lind  tliat  this  fiuiil  change  doe* 
not  occur  among  the  Invertebrata;  and  it  is  obvious,  thcj'efore,  that  even 
in  their  colourless  state,  the  corpuscles  have  a  function  to  dischai^  in 
the  vital  economy.  Little  light  has  yet  been  thrown  upon  this  subject, 
by  inqiiiry  into  the  CheniicnJ  composition  of  the  blood-corpuscles  of  the 
lower  animals;  and  no  means  have  yet  been  devised  for  obtaining  the 
colourless  eorpiisclos  rif  the  higher  in  a  sejiarate  state,  for  the  piirjiose  of 
determining  tills,  A  minute  sample  of  the  blood-corpuscles  of  a  Cnvh, 
however,  examined  by  Prof.  Graham,  has  been  found  by  him  to  contain 
"  a  sensible  quantity  of  iron,  the  pro])ortiou  being  perhaps  as  large  as  in 
red  corpuscles."*  Thus,  then,  wo  have  evidence  that  the  difference  of  hue  , 
between  the  two  sets  of  Corjmsclea,  does  not  involve  any  consideraUa] 
ditTerouco  in  the  pro]>ortiou  of  one  of  the  most  characteristic  elements  ■ 
the  Ked ;  and  if  it  be  admitted  that  they  arc  both  to  be  looked-upou  i 
having  the  same  origin,  and  as  diffisring  only  in  their  stage  of  develop-' 
ment,  it  is  manifest  that  no  other  diS'orence  can  be  fairly  expected  to 
exist  in  their  contents,  than  that  which  in  marked  by  the  formation  ot-m 
the  colouring-matter,  as  the  final  effort  of  their  transforniing  power.  H 
Thit  product,  as  we  have  seen  (5  1 60),  constitutes  but  about  orif-tirtiiiieth 
of  the  whole  contents  of  the  lied  corpuscles. — The  following  objiervalion 
by  Mr.  Newport  seems  to  indicate,  that  the  cor[>nscleH  of  the  blood  of 
Insects  (some  of  them  in  the  condition  of '  graiiule-cella,'  others  in  that 
of  'oucleftted  colourless  cells,'  J  160),  have  an  im])ortant  function  to 
perform  in  the  elaboration  of  nutrient  material.  Tlie  '  oat-sliaped" 
corpuscles  (the  'granule-cella'  of  Mr.  Wharton  Jonea)  are  found,  in  tho 
Larva,  to  he  most  iiuinonius  at  tlie  period  immediately  preceding  ea^ 
change  of  skin ;  at  wliich  time  the  blood  is  extremely  coagulable,  and 
evidently  |)oaBe«ae«  the  greatest  formative  power.  The  smallest  number 
are  met-willi  soon  tifter  the  change  of  skin ;  when  the  nutrient  matter  of  ^ 
tlie  blood  has  been  exhausted  in  the  production  of  new  epidermic  tissue. 

'  "  FhilOfaphiokl  TnuisKtiiiDa,"  1849,  p.  IDS. 
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of  the  filirin,  whidi,  from  being  tou^-h,  elitstii^  clear,  iiniforra,  nnil  n 
fiUuneiitoufl  appearand'  or  filameiitinia  wtniftiire,  bccooii-s  lexD  lual  la 
filamoRtiOUS,  softer,  more  pnste-likc,  turbid,  nvbuloiiR,  dotU'd.  nnd  iu>ajli| 
with  minute  oil-molecules."  "  After  some  pr!ictice,"a<iJa  Mr.  Pi«;it,''cw 
might  form  a  fiiir  opinion  of  the  degree  in  wliich  a  patient  was  rarWi^ 
aud  of  the  degree  in  which  &a  iuHamnrntiou  in  him  would  tend  U.>  tL<.'  ndhg 
Stive  or  to  the  eupijurative  cliaracter,  by  the  microscopic  appenreuoe  i 
these  exudutioiis."* — From  such  evidence  we  Bcem  forced  to  Iho 
elusion,  that,  whether  or  not  the  Colourless  corpuscles  are  to  be  i 
in  any  other  light  thun  aa  blood-cells  not  yet  fully  developed,  their  nn 
tiplication  is  not  (us  wfts  once  maintainiid  by  the  Author  and  ot] 
the  source  of  increaae  in  the  fibrinous  constituent  of  tlie  liouor 
guinia.+  Whether  the  arrest  of  development  of  these  corpuscles,  b  I 
Bbnomml  conditions  just  referred-to,  is  to  be  attributed  t«  &ii  or 
want  of  eaimcity  in  their  germs,  or  to  some  agency  which  subeet^a 
(Icprusaoe  their  lital  power,  or  to  the  want  of  some  material  which  i 
require  for  the  purpose,  can  scarcely  at  present  be  decided ;  and  it 
be  doubted  whether  auy  one  of  tliese  determining  causes  is  in  itclion 
every  case,  or  whetljer  each  of  tJiem  may  not  occasionally  operate,  i 
ungly  or  in  combinalton. 

213.  Tm-ning  now  to  those  constituents  of  the  Blood  which  shoWi 
indications  of  possessing  vitality,  we  have  lirst  to  speiLk  of  its  Al 
The  relations  which  this  sulistAHce  bears  to  the  living  Ijody  are  of  I 
most  important  and  fundamental   character;  since,  as  elsewhore  i 
(Pmnc  op  Gen.  Phts.),  it  ia  the  original  palnUuni  at  the  wtj 
which  nil  the  solid  tidsues  are   generated,  whilst  it  &iao  affo; 
material  for  the  production  of  the  fibrin,  the  globulin,  and  the  1 
of  the  blood  itaeli      It   appears,  however,  to   be  it«elf  entirely 
of  formative  capacity;  for  in  no   exudation  which  is  pnrelT  i 
we  ever  trace  the  slightest  indication  of  organization ;  and  its  coii4 
into  the  various  kinds  of  tissue,  therefore,  must  be  entirely  due 
own  power  of  appropriating  and  transforming  iLJ     The  great 

•  "M«l.  OaielW,"  1860,  vol.  iIt.  p,  1015;    aod  "Surgical  Palhologj,"  vgl.  i. p. 

t  The  Author  laniiol  help  still  aneiKcting,  howerer,  that  the  CD]onrl«6  corimMlMH* 
to  he  ru^nrdod  vtrrirly  aa  rtHl  blood-cvlla  iu  thtir  L'arlier  pha«e  of  dcvt^lupmebt ;  bfft 
they  have  Home  ajiei^inl  conDectiun  with  the  i.^inl>i^mtion  of  the  jilafltie  ooDEtitDoila 
bluod.     Wanie^l,  however,  by  previous  expuriencc,  of  tho  JoBger  of  huLliling  mn 
U|>un  otaervaljuns  of  a  limited  and  imperfect  chmncter,  he  refroina  nt  present  froia 
iiiij  LyputhaaiH  us  to  the  nature  of  that  relHtioa, — merely  Bnorealing  thit  it  ii 
certAin  that  all  llie  bniliea  which  posa  uuder  the  desiiniation  of  'white'  or   'e 
curpoHeles'  are  of  the  bonie  tinJ,  na  in  Ptliowu  by  the  fact,  th»t  ecilt  are  fttnoetl  in 
tiouH,  vhidi  i^ouiLot  lie  diBtiuguiahal  from  the  colourlmw  culls  of  Iho  bkxxl,  ojtd  vl 
COD  gamely  be  supjiuHei!  to  be  radimonlal  re<l-ctiqiu>>eIiiB ;  ami  that  if  hhqq  of  tba  'i 
Ida  oorp"*'!'^'  ^  the  bliwd  be  loi>ked-npoa  aa  iaslrniuent«l  iu  «laboiiilJiig  it)  pUctiC 
pouenls,  whilst  otberaare  oo  the  mairh  of  develnpnteut  into  mi  eorpnselei,  it  nmm  li 
pr<nbul>la  that  thu  name  depreaaiug  iutloeuec  aliJch  eheckg  llic  latl«r  proceu  ulioglil  i 
interfere  with  tho   fLirmer,  nnJ  tliikt  tliua  nu  aooqmulation  of  sjloujfeAB  i^>rj'iierli» 
cachectic  aubjccte  muy  roi]ti:iiIe  witli  ti  druiinutiou  in  the  red,  and  at  the  atxae  tiiM  vK 
an  imperfect  elaboration  of  the  iibria  of  their  hlood. 

t  Tbnw  who  nmintoin  thitt  Pibriu  is  the  uuly  organizaUe  eoniUtnent  at  the  blood, 
that  it  ia  the  initnedinte  luurcc  of  the  nutritioD  of  the  tisraea  geneiallj,  ammitt 
Albumiii  euiinot  l>e  appropriiile'l  I'v  the  tissuea,  withnut  Grat  paaing  IhtDngli  lid 
dition  of  hlirii].  Tliin  drn'trine,  f<.>riiii-riy  couk'udcit-for  by  the  Aulliur,  beoawtlm 
AA  ini.'4^ikUHlent  uith  mucii  that  we  itnoiv  iif  the  liihUsry  of  Pitrrin  auflt'f  it«  dvtinilldi 
the  body  l£  20a) ;  and  he  would  reet  a]Hju  tlie  atujple  fact.^that  the  firat  ili> 1 1  TiPjMiHIrt ^ 
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iu  caeoB  iii  which  the  uctioD  nf  tLe  Puucreas  or  of  the  liver  is  i 

fay  disease  of  one  oi'  both  of  thuBe  orgaus.*  But  they  arc  Homelimia  <!»■ 
cliftTged  ill  such  hirge  quantities,  that  it  ib  Boiixfly  possililt  tdn 
account  Ibi-  their  pi'eaencc ;  aiid  it  woiilil  aetm  that  they  miist  hiive ! 
jioureJ  into  tlie  alimontary  canal,  either  by  the  liver  or  by  snme  i 
excreting  orgtiu  which  Diust  have  drawii  tlittm  off  from  the  bhmL^ 
does  iiot  seem  tui  improbable  surmise,  that,  iu  such  aunjtt,  therv 
an  exti-oordiuary  toadency  tu  the  metamorphosis  ot'idbumiuoua  niiilf 
amtiKcd  mattera  (whether  furnished  by  the  tissues  or  by  the  TimhI)  icM- 
&t  -  aud  that  the  excretion  of  thk  substance  does  iu  effect  tend  to  JCM^', 
down  their  proporUon  iu  the  blood.  Their  occasiouaJ  cxtnuinliNNiyii 
accum Illation  in  the  circidating  fluid  (§  H<^)  tends  to  coufinn  thin  vioii 
for  it  appeam  scaivcly  ponaible  that  sncli  an  enormous  pi'oportioii  uf  Emj 
could  bive  lieen  iJerivcd  from  the  food,  either  in  the  condition  of  f 
in  that  of  a  aaccbariiie  couipound  capable  of  being  converted  into  it 

'215.  All  the  other  Orgiinic  compounds  which   bare  Iwwu 
recognized  iu  tlie  blood,  or  of  whoso  prescuoe  in  the  circulating  i 
we  huve  infeiviitial  evidence, — sugar,  lactic  acid,  tirea,  uric  aciit,  hif 
lu'id,  creatine,  ci-eatinine,  the  volatile  &tty  acids,  and  tlie  ridorousj 
Htiiticca, — are  to  lie  considereiL,  not  aa  in  any  way  auliKervicnt  t« 
conatructive  diauge-a  iu  which   Nutrition  projierly  consL-ts,  but  na  | 
ductB  of  the  iiitrograde  nietamoi-phoais,  either  of  the  iiiimentary 
rials,  or  of  tlio  tissues  tbomseivea;  and  as  on  their  way  to  be  elimiK 
from  the  blooil,  either  by  the  respiratory  organs,  or  by  some  dtlier  ]nuiij 
thi:  Exca-etoiy  appiiratus.     .And  the  more  jierfect  the  bahmcebetwccut 
actiim  of  tbia  apiaimtus,  Biid  the  operations  whoreby  Iheae  ponif 
are  generated,  the  leas  will  be  the  proportion  in  which  they  present  the 
Helves  iu  the  blood,  and  the  greater   will  be  the   difficulty  iu  detw 
theui  there. 

210.  The  uses  of  the  various  Itwrganic  oompounda,  which,  as 
uniformly  present  in  the  Blood,  must  bo  considei-ed  among  its  i&t 
conatituents,  are  not  as  yet  by  any  means  positively  kuown;  yet] 
atlvancea  have  betm  reivully  made  towards  this  knowledge;  and  it  o»f 
be    pretty  certainly   affirmed,  that  the    presence  of  some  of  them 
reference  to  the  peculiar  functions  and  conditions  of  the    blood  it 
whilst  others  are  chiefly   destined  for   appitipriatiou  by  the   tissues 
whose  gi'owth  it  luinistei's.      The  former  seems  to  be  especially  the  i 
with  the  Alkaline  salts;  of  which  the  plioijihate  and  carbtrnaU  «f  ■ 
would  seem  to  have  it  for  their  chief  purpose,  to  maintain  the  alkalinity 
of  the  blood,  on  which  depeud  not  merely  the  liquidity  of  its  albuinci^l 
but  the  tUcility  of  its  [iBBSage  thi'ough  the  capillai'ies,  and  the  tvadine 
with  which  ita  comhustive  materials   are  oxidized:    whilst   they 
increase  the  absoi-ptive  power  of  the  serum  for  gases.     So  the  priMCiio 
of  chityridn  of  sodium  ia  needed  for  the  conservation  of  the  orginic  i 
poneiits  of  the  blood   in  their   normal  condition,  and  it  also  seems  to  1*4 
essential  to  the  performance  of  many  of  the  metamorpluc  and  bistogene 
operations  to  which  these  suhstaucea  are  subjected  iu  the  eoonoiay; 
salt,  moreover,  is  itself  i-equiivd  as acomponent,  notonlyof  thesoHd  UfflU 

*  8eQ  Dr.  Bri^hi'ii  Memoir  on  *  DihOAA?  uf  ifie  Parirreati  and  DQi>c!eniini,  *  in  "  JC^iis^l 
Chiruri;.  Truiu.."  vol.  iiiji. ;  nud  t)iv  Art.  '  I'uDrrcatia  Diaenac  ncJ  Fatt;  Diaduu:^  | 
in  "Itrit.  and  Knr.  Heii.-C'liir.  KeT.,"  vol.  nii,  p.  1G4. 
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cornbinatiinn  witli  the  tiasrie  tiiat  ia  (iiseaauil,  or  with  the  organizwi  pri>- 
(iiict  of  tlie  inorhii!  ]ii'oci'hs.  Such  a  Hubstaiiee  liiateiis  iiimn  cfrtain  gpi'tB 
or  islamls  on  one  side  of  the  Ijixly,  Itaviug  tLu  sunviundiug  psj-te  xinaf- 
Tiictad;  and  [ircciaely  similar  spots  or  islanda  arc  afl'eetcd  in  like  manner, 
on  the  other  eida  Tlio  couclusion  seems  unavoidable,  that,  huweve 
closely  one  portion  of  skia  or  bone  may  seem  to  resemble  auotlier, 
only  parts  that  are  exactly  alike  are  those  which  repeat  each  othtir  sym- 
niptriciilly  on  the  opposite  sides  of  the  body;  for,  although  no  power  ' 
artifiuial  chemistry  may  determine  the  ditTerence,  the  ehemistiy  of  tliri 
living  body  makes  it  evident,  the  morbirl  material  testing-out  the  jn 
for  whiuh  it  has  the  greatest  affinity,  uniting  with  those  alone  and  ■ 
by  the  rest.  It  is  continually  olfflervable,  moreover  (as  Mr,  Pn^t  hu 
remarked),  that  a  poison  of  the  same  kind  will  attack  corres|)onding  iqmte, 
n'lt  merely  on  the  two  sides  of  a  single  indiiddual,  but  also  on  the  two 
aidoH  of  any  otherawho  may  have  imbibed  it  into  their  Hystenis.  Thus 
the  syphilitic  ]wiaon  lina  its  "  seats  of  election '  when  it  begina  to  attack 
the  bones,  fixing  ujiou  certain  parts  of  the  tibiie  and  of  the  skull  with 
givat  uniformity ;  aiid  in  the  llunterian  Muscuni  are  the  pelves  of  two 
iirms,  on  iKitli  of  wliich  now  osseous  deposit  has  taken  pla<!e  (as  the  pro- 
duct of  some  disouie  resembling  rheiiinatiani  iu  man)  in  a  most  complex 
and  irregular  pattern,  this  boLug  so  similar  in  the  two,  that  almost  every 
«pot  and  line  of  the  one  is  represented  in  the  other,  with  rm  exactness 
only  inferior  to  the  symmetrical  corre!<[X}iidence  between  the  two  sides  of 
each.*  It  haabeeu  further  poiutctl-out  by  Dr.  W.Bndd,  as  indicatcid  bythe 
phenomena  of  these  diseuses,  that  nest  to  tlie  jiarta  which  are  symmetri- 
cally placed,  none  are  so  nearly  identical  in  composition  as  those  which 
are  analogous,  such  as  the  coiTUsponiling  parts  of  the  superior  and  inferior 
extremities — All  these  fiicta  tend  to  liemonatrato  the  perfect  and  most 
minute  exactness  rtf  the  lulaptatiun  which  must  eidflt  in  the  state  of  health 
between  the  blood  and  all  tlie  tissues,  as  well  as  the  almost  iuoonoeivable 
minuteness  of  the  de[m.rture  from  this  adaptation  which  may  become  a 
source  of  disease ;  and  it  is  a  sure  indication  of  the  safety  with  which  we 
may  found  such  inferences  upon  them,  that  the  phenomena  of  symmetri- 
cal disease  aro  most  distinct,  when  the  disordered  action  is  most  conform- 
able, as  to  its  character  and  its  rate,  to  the  normal  nutrition  of  the 
structure;  it  being  in  diseases  which  (though  dependent  upon  a  poiaoo 
in  the  blood)  are  of  an  inflammatory  or  other  virulent  nature,  thit  tfasH 
symmetry  of  the  morbid  change  is  least  obi-ious.  ^B 

218.  Hence,  then,  we  ore  led  to  the  conclusion,  Uiat,  as  Treviianns 
phrased  it,  "  each  single  part  of  the  liody,  in  respect  of  its  nutrition, 
sfuids  to  the  whole  body  in  the  relation  of  an  excreted  sul«tjinoe ;"  or,  in 
other  words,  ejich  part  of  the  body,  by  taking  from  the  blood  the  peculiar 
substances  which  it  needs  for  its  own  nutrition,  docs  thereby  act  as  an 
escrctoi'y  organ,  uiiismuch  as  it  removes  &'odi  the  blood  tliat  which,  if 
intaincd  in  it,  would  be  injurious  to  the  nutrition  of  the  body  generally. 
Thus,  the  phosphates  which  arc  dejjosited  in  oui'  bimes,  are  as  effectually 
(iJtcret*d  from  the  blood,  and  as  completely  jirevcnted  friim  acting  inju- 
riously on  other  tisauw,  as  ai'e  those  wliich  are  discharged  with  the  imu& 
— The  applicrttioiiB  (if  this  doctrine  have  been  grcfitty  extended  by  Mr. 

*  See  Mr.  Pikgut'ii  '  L(«luii.«  •>»  NutriUun,  K<:.'  in  tlia  "Udliotl  UiuoHc"  Tut  I61T(  I 
bntt.  I.l  aoil  bis  "LcclarMi  ifIi  Surgical  Pathulogf,"  rul.  i.  pp,  lit — 23, 
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being  Hnppliod  by  tbo  liiatory  of  the  pTiilution  of  the  generative  apprtratns, 
and  by  th:it  of  the  concurrent  cliangc-s  in  other  organs  (esjiecially  the 
t«gumentiiry)  whith  are  found  to  be  dependent  ui>on  it.  idtliou^h  there 
is  uo  direct  fuiictioiial  i-ebitioii  between  them.  Thus,  the  gn:iwth  of  the 
beard  in  umii  at  the  jwriod  of  puberty,  is  but  a  ty|)e  of  a  laueh  more 
important  change  wliicli  takes  plac'e  in  iiifliiy  aDiniftls  with  evtry  rwrur- 
rence  of  the  period  of  genei'ative  activity.  Thia  in  most  obvious  in  birda, 
■whose  plumage,  at  the  commencement  of  the  breeding  aeiisou,  becomes 
(especially  in  the  male)  more  iiighly  coloured,  beaide«  being  nugmi^utnl 
by  the  growth  of  new  feathers;  but  when  the  sexual  organa  pass  into 
their  state  of  periodic  atrophy,  the  plumage  at  once  Iwgins  t^  as^mme  a 
paJer  and  more  sombre  hue,  and  many  of  the  feathers  are  usually  oast, 
their  nutrition  being  no  longer  kept-up.  It  is  a  mattt-r  of  eummiiD 
observation,  tliat  the  deficiency  of  hair  on  the  face  (where  this  is  not,  as 
among  the  Asiatics,  a  cliantctor  of  race)  is  usually  concurrent  with  a  low 
amount  of  generative  power  in  the  njale,  and  luay  bo  ronaidereU  as  indi- 
cative of  it ;  whilst,  on  tlie  other  hand,  t]i(;  presence  of  hair  on  the  upper 
lip  imd  chin  of  the  female  is  indicative  of  a  tendency  in  the  general 
organization  and  mental  chni-actor  towards  the  attributes  of  the  mole, 
and  of  a  deficiency  in  those  which  ai-c  typical  of  the  femidt.  If,  more- 
over, the  devtilopnient  of  the  male  oigans  be  prevented,  the  evolution  of 
the  l>eanl  does  not  take  place;  whilst  the  cessation  or  the  nlisence  of 
activity  in  the  female  organs  is  often  attended  by  a  stnmg  growth  of  hail- 
on  the  face,  aa  well  as  by  other  changes  tliat  may  be  attributed  lo  die 
presence  of  sonic  special  nutritive  material  in  the  blood,  for  which  tbera 
is  no  longer  any  other  demand.  This,  again,  shows  itself  yet  more 
strongly  in  Birds;  Hmong  which  {as  Hnnt«r  long  auiee  i)ointed-ont")  it 
b  no  uncommon  oceurrenee  for  the  female,  after  censing  to  lay.  to  nfiEumo 
the  plumage  of  the  male,  and  even  to  acquire  other  charaet^ri.-itic  parts, 
as  the  Hjiurs  in  the  fowl  tribe.  Moreover,  it  has  been  ascertained  by  the 
experiments  of  Sir  Philip  Egertoii,  tliat  if  a  buck  be  caatnit^d  while  his 
antlers  are  gi'owing  and  are  still  eovereil  with  the  '  velvet,'  their  growth 
is  checked,  they  reniaiji  as  if  truncated,  and  iiregulai-nodidesof  bone  pn>- 
jeet  from  their  surfaces;  whilst,  if  the  easti-atiun  be  performed  when  the 
Autlcra  are  full-grown,  theae  are  shed  nearly  as  usual  at  the  end  of  the 
season,  but  in  the  next  season  are  only  replaced  by  a  kind  of  low  conical 
Btumpa. 

22U.  That  tliese  and  similar  cluinges  in  the  development  of  Organs  an 
immeiliately  determined  by  the  condition  of  the  circulating  fluid,  that  i^ 
by  the  presence  or  absence  of  the  appropriate  'jiabulum'  for  the  jmrla  in 
question,  would  furthei'  seem  likely  from  the  faet,  that  they  may  be  arti- 
ficially imluc-ed  by  ciiTunistances  which  directly  affect  the  condition  of 
the  blood.  This  has  been  shown  by  Mr.  YarrcII,+  in  regard  to  the 
ftSBumption  of  tlie  male  plumage  by  the  female ;  and  a  still  more  remark-  m 
able  and  salisl'iictory  proof  is  fUmiahed  by  the  conversion  of  the  'work«'  fl 
larva  of  the  Bee  into  a  jierfect  '  queen,'  solely  tluMJUgh  ii  change  of  diet} 
And  thus  we  are  led  to  feel  that  Mr.  Paget's  ducti-ine  of  'complementary 
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•  'Account  of  aa  Eitnuirdinarj  Pbeasoat,'  in   "  Hunlar'a  Works, 
tol.  iv.  p.  44. 
t  "  PhiLsupbical  TranfJirtiuUB,"  1827. 
t  "  Priuc.  of  Couip.  i'tya.,'*  %  119, 
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germinal  moss,  it  goes  tlirough  a  succession  of  |>haHca,  which  ai*C  p&rttj'  thaB 
cause,  nud  partly  the  cff-^t,  of  developmental  changea  in  the  organising 
geuorally.  So  loug  as  the  operations  of  Nutrition  are  normally  carried 
on,  the  materiabi  that  are  withdrawn  by  the  several  ports  of  the  Iwdy 
may  be  considered  so  far  to  balance  one  another,  that  no  waste  is  incurred 
&om  this  source;  and  if  the  amount  of  new  matter  luti-oduced  be  merely 
the  cquit'alent  of  that  wliich  is  required  for  the  nntritiTe  operations. 
nothing  elxo  will  occosian  a  demand  for  elimination,  save  the  products  of 
the  disintegratian  of  the  tisituea,  which  are  received  liack  into  the  blood 
for  tliia  jiiirpose.  But  it  must  be  very  rarely  that  thiw  hnlanco  is  p»- 
oiaely  maintained  for  any  length  of  time,  sineo  a  multitndo  of  ctrcnm- 
stftncea  are  continually  occurring  to  derange  it ;  the  most  frequent,  perfanpH, 
being  the  ingestion  of  certAin  nutritive  materials  in  greater  qusutity  than 
they  are  requirc<L  And  wo  tlien  find  that  the  excretory  organs  take  iipnQ 
themstOves  a  su]>plcmeuta!  action  for  the  removal  of  the  superfluity  -  ihe 
kidneys  being  »iai>ei;iiil]y  charged  with  thLs  duty  in  the  case  of  luotiEeil 
and  aaline  matters,  an<l  the  liver  and  lungs  in  regard  to  liydrocai'liouaocout 
Bul)3taiicts.  It  is  obviously  of  iuijiortance,  however,  to  overtask  UmM  I 
organs  as  little  as  possible;  and  when  such  superfluity  is  Iwcoming  A  ' 
source  of  diaeafle,  the  obvious  treatment  is  rather  to  prevent  it  from  being 
thrown  uiicin  them  for  Bepiration,  by  diminishing  the  supply  of  ailment 
generally,  or  of  some  paiticular  article  of  diet,  than  to  excite  them  to 
increaswl  activity  by  stimulating  medicines. 

223.  The  self-maintuimng  power  of  the  Blood  is  yet  more  shown  in 
the  phenomena  of  Disease ;  and  especially  in  its  spontaneous  recovery  of 
its  normal  condition,  after  the  most  serious  perversions;  as  we  see  more 
particularly  ia  febrile  diseases  of  definite  type  (suob,  fur  example,  as  the 
Exanthemata,  Typlioid,  Typhus,  &c.),  of  whose  origin  ia  the  introducti<in 
of  Bjiecific  jioisoua  into  the  blood,  there  is  no  reasonable  ground  for 
doubt.  In  studying  the  mode  in  which  these  and  other  'morbid  iKilsons' 
act  upon  the  blood,  and  tlirough  it  upon  the  system  at  lar^e,  we  may 
derive  important  assistance  from  a  previous  inquiry  into  the  history  of 
the  action  of  those  poisonous  agents,  which,  from  their  being  more  reaJily 
traceable  by  chemical  analysis,  can  bo  more  satisfactorily  uuwie-out  i^ucb 
an  inquiry  has  a  most  important  bearing,  also,  on  the  motlus  o^mraiuii  of 
medicines. — The  operation  of  medicinal  or  poisonous  substances  for  the 
most  part  dejwnds  ujon  the  jwwer  which  tiiey  possess,  when  intr<.iduoiil 
into  the  current  of  the  circulation,  of  efl'ecting  some  determinate  change 
iu  the  cJiemicai  and  thereby  in  the  vittd  condition,  either  of  tlie  eompo- 
neuta  of  the  blood,  or  of  some  one  or  more  of  the  tissues  which  it 
nourishes;  and  their  determination  to  some  special  part  or  organ  must 
be  attributed  to  the  same  kind  of  elective  afilnity,  as  that  by  which  the 
normal  constituents  of  the  blood  are  so  determined  {§  217).  Now  of 
nearly  all  these  substances  it  may  be  said,  that  the  system,  if  left  to  itself^  ■ 
tends  to  free  itself  from  them,  provided  (I'me  be  allowed  for  it  to  do  so ;  ■ 
and  that,  when  death  results  from  their  introduction  into  it,  the  &tal 
result  is  to  be  attributed  to  the  fact,  that  the  diaorgoniiation  of  structure 
and  disturbance  of  function  are  too  rajiid  and  violent,  to  allow  the  elimi-^ 
nating  processes  to  be  set  in  efficient  operation.  Wlicn  smaller  doses  aroH 
taken,  their  effects  are  evanescent,  unless  tlio  abnormal  action  to  which™ 
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the  effects  of  u  dose  of  Alcohol,  eveu  when  tliia  is  Iurg«  cnottgh  to  produM 
inwioaibility ;  reoovery  from  them  being  merely  a.  qucs^tjon  of  tiiuc,  pro- 
vided thiit  the  state  of  tocpor,  proiiucod  by  the  nclton  of  tliia  poiaoQ  "u 
the  centre  of  the  respiratory  movements,  be  not  bo  profouml  aa  to  oc«a^ 
sioo  Asphyxia,  or  that  death  do  not  result  (aa  sometimes  happens  wben 
the  powoa  ia  taken  in  a  state  of  concentration)  fi'om  the  immediat*  a/BXii 
to  the  norvoua  syBtem.  Now  the  ([uautity  of  alcohol  which  |Misses-off  by 
the  ordinary  excrutions  ia  extremely  slight;  in  fiict,  thia  siibatancc  aw 
Beidom  he  detected  in  them.  But  there  oiin  be  no  reasonahle  doubt  th»t 
the  elimination  of  the  alcohol  is  due  to  its  osidation  whilst  jio^n^ 
tlii"ough  the  cireulating  syatem,  so  that  it  is  excreted  by  the  lunga  in  the 
form  of  carbonic  acid  and  water;  and  if  confirmation  of  this  view  were 
nocdod,  it  is  aflbrJed  by  the  tdertiiwc  of  large  doses  of  iJeohol,  wldcb  it 
shown  wlieu  it  Ja  subjected  with  peculiar  rupidity  to  the  combuBtiv« 
■opemtiou,  ns  during  coutiunod  eipoaui'e  to  severe  cold  or  prolonged 
muaculnr  cxeiiion,  or  in  the  exhaustion  of  wasting  di^-ases  when  no  other 
combustive  material  remains  in  the  body.  The  name  explaniitioD  is 
obvioualy  ap])licable  to  the  parallel  phenomena  which  present  tbemselviiB 
in  the  action  of  Opium,  Strychnia,  Prussic  acid,  etc  With  all  these,  also, 
the  question  of  life  or  death  ia  one  of  lime;  for  if  the  fetal  result  do  not 
speedily  follow  the  absorption  of  the  poiHon  into  the  blood,  the  patient 
gradually  recovers  from  ita  effects;  and  the  most  effectual  treatment 
consists  in  the  artificial  maJnteuBiice  of  the  respiratory  movements,  which 
the  influcuue  of  these  poisons  upon  tlie  nervous  centres  might  otherwise 
suspend.  These  poisons  cannot  bo^etectod  in  the  circulating  fluid  by 
their  sensible  or  chemieal  characters,  if  a  short  interval  lias  eliipsed  sub- 
aequently  to  their  absorption;  thus  it  htLs  been  foimd  by  Dr.  Lonsdak 
that  the  odour  of  prussic  acid  canuot  be  perceived  in  the  blood  or  in  the 
cavitipJ),  wlien  lil'e  had  been  prolonged  beyond  15  minutes,  although, 
when  death  took  place  witliiu  a  shorter  time,  the  poison  might  be 
detected  in  the  lM>dy  by  its  odour  alone  for  oiglit  or  nine  days  afterwards; 
and  the  presence  of  morphia  ceases  to  be  recognizable  by  the  ordinary 
chemical  teats,  witlun  a  short  time  after  it  has  been  taken  into  the  oikio- 
latiug  current. — Even  with  regard  to  certain  p<iisons  of  thia  unsUUe 
class,  however,  there  ia  evidence  that  they  pass  into  the  urine  and  are  thns 
eliminated,  without  undergoing  any  cliange  that  imjjairs  their  [ihyBiulo- 
gical  action ;  this  evidence  being  afforded  in  the  effects  of  the  re-ing«itioa.| 
of  the  urine,  either  by  the  individuals  themselves,  or  by  othera,  A  vwy 
ffiurioiLS  example  of  this  kind  is  affoi'iied  by  the  intoxicating  fiingui, 
Ainanita  Tiuuneiiria,  which  is  used  by  some  of  the  inhabitants  of  the  nortli-  m 
eastoni  piirts  of  Asia,  in  the  eame  manner  ns  alcoholic  liquors  by  oth^  ■ 
nations.  Its  effects,  like  thoae  of  other  excitants,  have  a  limited  duration ; 
for  a  man  who  is  intfisieiited  by  it  one  day,  '  sleeps  himself  sober'  by  the 
next.  His  restoration  is  cluu,  however,  not  to  his  repose,  but  to  th« 
elimination  of  tlu^  jioison  which  takes  place  during  the  interval ;  for  if  be 
driuk  a  cup  of  his  urine  the  next  raoming,  he  is  yet  more  powerfully 
intoxicated  than  he  was  the  preceding  day ;  and  this  fluid  has  tlii;  same 
effect  upon  any  other  individual,  into  whose  urine  the  active  principle 
then  posses ;  so  that,  according  to  the  testimony  of  travellers,  the  intoxi- 
cating agent  may  be  transmitted  in  this  manner  through  (ivo  or  six 
j>ersona,  a  small  stock  at  the  commencement  thua  serving  to  nioiTitaio  a 
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tnxio  agouta  whose  action  lius  been  previously  esamined,  fuid  that  of  the 
murbid  jioisona  wd  are  now  consiileriog ;  for  whiLst  the  former  possess  & 
certain  defiiiite  action,  the  intensity  of  wliicli  {cffcrU  piiril/it»)  w  propor- 
tionut-e  to  the  quantity  that  is  in  operation,  and  wliieh  is  usually  det*T- 
ininod,  in  virtue  of  the  '  electi\'e  affinity'  already  spoken-of,  to  some 
particular  oi^n  or  tissue, — the  latter  act  primarily  upon  the  blood, 
infiucucing  the  system  at  large  through  the  changes  which  they  produce 
in  itsooustitutionjand  their  jiotouny  depends  rather  upon  the  susceptibility 
of  the  blood  U>  their  pccuHti-r  influence,  than  upon  the  quantity  of  tW 
poison  that  may  be  introduced  into  it. 

226.   Of  the  existence  of  such  susceptibility,  as  a  'predisjwsing  CAUse 
of  Ziinmtic*  disease,  thei-e  cannot  l>o  the  alight-est  doubt.      In  the  case 
the  Exanthemata  and  Hooping-cough,  we  see  tliat  it  is  congenital,  and  ii 
uaually  removed  by  the  oceum-nce  of  one  attack  of  the  disease  (although 
this  is  not  a  umforui   protection) ;  but  the  liability  even  to  these  varies 
greatly  in  dillcrcnt  individuals,  and  at  dift'ei-eiit  times  in  the  same  indivi- 
dual.     And  with  regaiil  to  other  zymotic  diaeasea,  the  liability  to  which 
ia  not  tliuB   limited,  all  extended  observation  concurs  in  showing  that 
is  augment**!  by  anything  ivhioli  tends  to  depress  the  vital  powers  of  the 
system,  and  more  particulaj-ly  by  any  canae  which  oljstmctn  the  du' 
purification  of  the  blood,  by  the  elimination  of  the   products  of  deco; 
position.     Thus,  it  will  be  shown  hereailer  (§  330,  33!),  that  no  ante- 
cedent condition   Xina   l)een   found  more  efficacious   in  augmenting    the 
fctality  of  Cholera,  than   overcroicding ;   which   com[icla   those   who  am 
subjected  to  it,  to  hv.  constantly  breathing  an  atmosphere   not   only 
charged  with  carlionic  acid,  but  laden  with  puti-esceut  emanations;  and 
which  tbus  favours  the  accumulation  of  decomposing  matter  in  the  blood, 
which  serves  as  the  most  approfiiiate  soil  for  the  seeds  of  the   disease. 
And  what   is  true  of  Cholera   liaa   been   found   to   be  tnie   of  Zymotie 
diseases   in   general ;    the  very   same   fermentible  matter   in   the  blood 
aei-ving  for  the  development  of  almost  any  kind  of  zymotic  poison  that 
may  be  received  into  the  Bysteni,  whether  from  the  atmosphere,  or  from 
the  bodies  of  those  who  have  already  been  subjects  of  the  disease. — Now- 
that  what  has  heou  hero  ajjoken  of  aa  '  fermentible  matter,'  is  not  a  mers 
hypothetical  entity,  but  ha-i  a  real  material  existence,  appears  from  Una 
considei-ation ;  that  in  all  those  conditions  of  the  syst^sm  in  which  wo 
know  that  decomposition  is  gojng-ou  to  an  unusual  ejctent,  and  in  wkioh 
tliore  is  a  marked  tendency  to  putrescence  in  the  excreted  matters,  wa  ^ 
witness  such  a  jxiculiar  liability  to  zymotic  diseases,  as  clearly  indicatesH 
that  the  state  of  the  blood  ia  peculiarly  favourable  to  the  action  of  the  ^ 
zymotic  ]>oiBon.     This  ia  pre-eminently  the  case  in  the  puerperal  state, 
in  which  the  tissue  of  the  uterus  is  undei^oing  rapid  disintegration, 
it«  vital  force  having  been  expended  (§  34i*);  for  there  is  now  abundant 
evidence,   tliat    the   contact    of  decomposing    matters   which    would  be 
innocuous  at  other  times,  is  capable  of  so  acting  upon  the  blood  of  the 
pai'turieut  female,  as  to  induce  that  moat  fhtol  zj/inotin  which  is  known, 

'  TliP  IcriD  :]iianiir  is  a  very  onnvcnient  JeiiiKiiotion,   which,  oripnally  8Ugge«t«d  by ' 
Dr.  W.  Fair,  Lm  a(  tate  ptincJ  geiiurnJ  ciirrcui')-.  fur  thnt  class  uf  disaiias  wliose  phaDO- 
mtuii  mn;  be  nltributoil  lu  ths  DperaUun  of  a  murbid  poison  of  Lbe  allure  described  kboTe;  j 
this  operation  bearing  ■  ntrong  nualogj  to  thnt  of  '  fermanlB. ' 
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aeem  dlsliuctly  able  to  tnux  tlie  o[>eratiou  of  morbid  potHons  circulating  : 
iu  tbe  blood;  for  there  are  numerous  other  maladies,  ofwbose  origiu  In  aJ 
like  condition  there  can  be  no  rcasonatile  doubt;  and  these  are  in  soma  J 
respects  more  closely  analogous  than  the  {preceding,  to  the  diflordercd] 
states  induced  by  the  introduction  of  toxic  agents.     For  in  those  of  whidi 
we  have  now  to  spciik,  the  action  is  destitute  of  any  analogy  to  fermen'  i 
tation,  and  its  [lotency  is  atrictly  proportionate,  in  each  case,  to  thsj 
amount  of  the  dose  that  is  in  operation.    Here,  too,  we  have  a  connecting 
link  afforded   by  those   disordereil   states  of  the   system,  which   depend 
upon  an  undue  aociuuulatioii  of  poisons  nominlly  generated  within   it,  in  . 
consefjuence  of  some  obstacle   to  their  (dimiimtiou.     Thus,  the  train  of' 
Hjinptoiiis  wiiich  ia  conse<ju<mt  upon  the  retention  of  urea  in  the  blood, 
so  much  resembles  thnt  occasioned  by  the  ingeNtion  of  opium,  bb  to  have 
actualiy  been  mistaken  for  it ;  and  is  as  true  an  instiince  of '  poLsonine,'  i 
as  if  urea  bad  been  iujeoted  into  the  blood-vessels.     So,  in  the  aiSphyxi*| 
which  is  produced  by  any  obstruction  to  the  extrication  of  carbonic  wait 
through  the  lung's,  tho  subjei^t  of  it  is  as  much  '  poisoned,'  as  if  he  hud 
inhaled  cai'bonic  acid  from  without.     Again,  the  retention  of  the  uric 
acid,  biliary  matter,  lactic  acid,  and  other  Gultstanceis  which   are   normal  ^_ 
products  of  the  wiiste  or  disintegration  of  the  body,  is  oipable  of  bei'omii^^^ 
a  Bonree  uf  morbid   action    iu   tho   system   generally;  and   the  evil  is  of      , 
course  iucreawKl.  when  (aa  frequently  happens)  augmented  production  is 
concurrent  with  imjH.'ifcot  elinimation.     But  jjiTvoraiona  of  tlio  onliniu; 
disintcgniting  jirocoHses  are  also  far  from  being  uncommon,  whereby, 
inateitd  of  the  substances  already  referred- to,  other  proilucts  are  engender 
whose  presence  in  the  circulating  current  gives  rise  toti'ains  ofsyniptumil 
altogether  ditl'erenL     Of  this  class  we  seem  tti  have  an  examjile  in  gontl 
and  rbemnatisni ;  the  vuileries  morhl  of  which  diseases,  though  probably' 
not  identical  with  lithic  and  lactic  acids,  would  seem  to  be  formed  from 
the  decomposing  matters  which  might  normally  have  generBte<l  them. 
There  can  be  no   douVit,  again,  that   many  chronic  diseases  of  nutrition 
are  attriliutahle  to  a  siniilai'  cause;  this  being  indicated  by  the  rynt- 
Tnetrical  mode  in  which  they  aflect  the  particular  parts  whose  condition 
is  altered  {§  iU).  ^ 

22S.  In  all  cases,  therefore,  one  of  the  first  questions  which  the  tob^i^l 
Ijgeiit  Praclitioucr  will  feel  called-upon  to  decide,  is,  whether  the  maladj^* 
he  has  to  treat  originates  in  the  state  of  the  Blood,  or  in  a  disorder  purely 
local;  and,  if  he  feel  justified  in  ivfcrringitto  the  hlootl,  whether  it  merely 
depends  upon  an  alteratioQ  in  the  proportion  of  its  normal  constituenta, 
as  in  plethora  aud  simple  ansemia,  or  whether  its  phenomena  imply  the 
presence  of  some  toxic  substance  in  the  circulating  fluid. — If  the  former 
be  his  conclusion,  he  hiis  then  to  endeavour  to  rectify  the  excess  or  the 
deficiency,  by  reducing  the  former,  or  by  supplying  the  hitter ;  na  when 
Lb    bleeds  and  prescribi»  low  diet  for  Plethom,  and  employs  iron  and 
generous  living  in  An»miiL      But  it  is  his  duty  to  take  aire  tliat  hismcwis 
are  approprinto  t'l  hla  ends ;  and  especially  to  abstain,  when  endeavouring 
to  draw-offan  excess  of  one  constituent,  from  doing  serious  injurv  ^J^ 
reducing  another  which  muy  be  alrc-ady  below  par,  and  of  whieli  tiu^| 
presence  may  be  essential  t«  enable  the  system  U>  resist  the  further  pro^^ 
gress  of  the  malady.     Thus,  as  we  have  seen,  blood-letting /<n<(  mi  dcci<led 
effect  in  lowering  the  projmrtiun  of  Jifirhi   in   the  blooil,  whilst  it  An* 
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they  hftvi-  tht' [Kiwcr  of  multiplying  theaiBt-lves  witUin  the  l>o(lj:  ttnt»,( 
esaraple,  when  small-jiojj  lius  been  communicated  by  tLe  inooulution  of  ■ 
esccBsively  ininnte  iwrtion  of  the  virus,  hunilreds  or  thousandit  of  ] 
tules  are  gonerateil,  each  of  them  chaj-gtsd  with  a  poison  equally  i 
with  that  from  which  they  originated.     It  is  to  this  multi)>lii»tioa,  i 
the  extension  nf  zymotic  diseases,  by  oomraunicntiou  betWL*en  iuJiriilu 
afl'euted  with  them  and  hciilthy  subjcM^  ie  chieflydue;  and  tlit-  ijn 
of  the  'contagion'  or 'non-contagion' of  any  pn-rticvilardiseasuof  thist 
13,  therefore,  e^eutially  thiit  of  the  miiltiplieatiou  or  nnn-mutti|iUcab 
of  the  jioiBon  in  the  himjan  body.      Thismnltiplicationof  certainriTO"! 
jioboua  is  a  yet  stronger  point  of  analogy  to  the  ai^liou  of '  fenneuts,'  i 
that  whicb  is  afforded  by  the  violence  of  tho  changes  they  indnefi,  wh 
compared  with  the  amount  in  opcratiou.     Some  of  these  jiuisciia  mi 
such  jKitency,  that,  in   however  minute  a  rjuantity  thi-y  are   int 
they  will  change  the  whole  mtiss  of  the  blood  tu  a  few  minutes; 
act  iiidiRorimiuatfly  on  all  individu^s  alike ;  this  is  the  case,  for  cxiitup 
with  the  venom  of  serpents.    Ou  the  otiierhaud,thereaj-e  many  (usain* 
remarked)  which  Heem  to  requb-e  the  presence  of  aoine  special  fcnu^Dttb 
matter  in  the  hlood  (§  22(i).     And  between  theae  might  prolmbly 
fatablished  a  rcfjular  gradation, — from  those  moat  '  pernicious  '  fomwl 
lualariouB  poison,  which  derivo  tlieir  potency  from  the  iutemty  of  i 
table  deuomjxiBition  under  the  influence  of  a  high  temjierattire ;  or  ' 
'malignant'  types  of  typhoid  poison,  which  owe  their  special  inb 
ftnimal  putrescence  engendered  by  filth  and  overcrowding;  both  ■ 
attacking  a  very  lai'ge  proportion  of  those  wlici  are  ex]K)s©ti  to  then 
those  milder  forma  of  zymotic  poisons,  which,  though  derived  from  t\ 
same  soui-ces  with  the  preceding,  act  wiLh  so  mnch  leas  of  umfor 
u|)on  different  individuals,  tliat   we  can   scaivcly  foil  to  recognise,  U( 
'  predisixising  cause,'  or  rather  as  a  necessary  concurrent  condition,  i 
presence  of  some  readily-docomposahle  matter  in  the  blood.      The  I 
continued   action  of  these  poisous,  in    their  milder   forms,  seems  iO 
oajmble  of  inducing  this  condition;  thus,  a  healthy  person  who  9fcttl«i( 
an  aguish  country,  may  remain  Iree  irom  intermittent  fever  for  a  i 
siderablo  time,  but  bjs    health  gradually  deteriorates,  and   at  last '. 
becomes  the  subject  of  the  disea-se,  which    would    have  much 
attacked  him,  if  his  blood  had  been  brought  into  the  'fermenlible'l 
by  irregularity  of  diet,  over-exertion,  &c. ;  and  the  same  may  be  oh 
in  the  case  of  those  long  exposed  to  the  ^wison  of  typhoid  or  other  fe' 
which  specially  locates  itself  in  auiiual  miasmata,  if  it  be  not  urtu 
engendered  by  them. 

331.  In  some  of  the  diseases  of  this  class,  the  change  in  the  cfn 
of  the  Blood  [iroduced  by  the  introduction  of  the  poison,  is  such  as  i 
give  it  a  morbid  action  on  certain  organs  or  tissues  only;  tliuir  [^iimo, 
menft  in  this  i-csitect  corresponding  with  those  of  ordinary  poiaooa,  and  C 
the  toxic  diseases  previously  noticed.     Such  may  be  said  of  vaoeiu"J 
gonoiThoia,  primal^  ayphilis,  A-c,  in  which  the  genei-al  functions  of  I 
body  seem  to  be  diaturiicd  chiefly  or  solely  through   the  local   diaor 
It  may  happen  that,  oven  where  a  specific  poison  is  present  in  the  blnoO, 
it  may  not  be  potent  enough  to  niatiifest  itself  in  sjjy  dliM.n-dered  actio 
either  general  or  local,  until  the  depressed  state  of  the  nutrition  of: 
jwrt  or  organ  renders  it  more  suscejitible  of  a  further  pervcrsiou ;  thiu  | 
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(lifiTuBo  cellular  inflamnaation;  some  hod  uiflamnia.tion  of  tb«  lyni^^| 

glands  of  the  hetul,  axilla,  and  lower  extrernities  i  one  had  sevur^^H 
fuithic  iMysipelus  of  the  head  and  occk ;  another  bad  pUegmonoos  er3F^^^| 
of  the  hand  and  iiim  after  an  ae-cideiital  wound;  otbera  bad  law^^| 
with  or  without  enJiLrgi'ment  of  glands.  Finally,  the  disease  tool^H 
I'orm  ofmumjiii,  which  affected  almost  everybody  on  huiird.  The  epidennfl 
lasted  from  May  to  July  (the  winter  in  the  aoiithera  hemisphnrn),  tbJ 
ship  being  at  sea  during  the  whole  time. — The  local  det«i*niiiiiitioii  >4m 
morbid  poison  may  ^'equeutly  be  regarded  as  one  of  the  nieuns  whenM 
the  hlood  and  the  fiyetem  at  large  are  freed  from  ite  lu-tion.  Of  tl»J 
again,  we  have  a  most  ohamctenstic  example  in  the  Exanthemati^^| 
it  ii  a.  nsutter  of  constant  observation,  that  the  constitutional  eymnfl^H 
eupccially  fever  and  delirium,  are  moat  severe  be/ore  the  putanfrms  erujB 
tion  come-i-out;  that  thei-e  is  mueh  greater  danger  to  life,  when  iU 
eniption  does  not  devclopo  itself  fully;  and  that  its  premature  I'Kprmiaa 
indncea  a  return  of  the  severer  constitutional  affection.*  So  in  Syphilfl 
uud  Cancer  (03  Mr.  Paget  runmrks),  the  severest  defeotiS  or  disturlwicJ 
in  the  whole  economy  may  coexist  with  the  smallest  amounts  nf  bdmH 
local  disease;  and  it  has  been  laid-down  as  a  genei-al  law  by  Dr.  l^^H 
Williamn,  "  that  when  a  morbid  poison  acts  with  iU  greatost  inteoH 
and  pi'ixlueea  ita  severest  forms  of  disease,  fewer  traces  of  organic  oltctM 
tiuus  Lif  structure  will  be  found,  than  when  the  disease  has  been  offl 
milder  chiiracter."+  ] 

'J'i'2.  In  nwirly  all  the  Toxic  diseases  of  the  zymotic  class,  tlien  itil 
luitnrul  tendency  to  tlie  sutf-eliniinatioa  of  the  poison  and  of  the  prodon 
of  its  action  on  the  hlood,  either  by  the  operation  of  theoiilinary  exorftoijl 
organs,  or  by  the  jivculiur  local  actions  just  udvertud-to  ;  and  this  pruoMl 
t^ikes  place  in  many  instances  witJi  such  regularity,  that  not  ouly  thn 
period  which  it  will  altogether  require,  but  each  of  those  aucce.ssivc  epoeb  J 
which  mark  the  stogoii  of  development  and  metamorphosis  in  the  piUMnl 
and  in  the  products  of  its  action,  may  be  almost  exactly  pn-dicU&J 
There  is  not,  in  fact,  a  more  remarkable  indicatiou  of  the  '  Life  of  (ImI 
Blood,'  than  is  afforded  by  its  extraordinary  jx>wer  of  self-recovery,  tfterl 
having  undergone  the  esceaaive  perversion  which  is  consequent  upon  tbifl 
introduction  of  the  more  potent  Zymotic  pijisons ;  and  every  [ihiloBopbiodl 
physician  is  ready  to  admit,  that  it  is  to  this  '  vis  medicatrix  natunii  I 
rather  than  to  any  remedial  agency  which  it  is  in  his  power  to  ^iJ^m 
that  he  must  look  for  the  i-estoi-atiun  of  his  patient.  The  very  luUlM 
of  the  action  of  zymotic  poisoiitt  ujion  the  blood,  seems  to  forbid  Ibl 
tocpcctation  of  our  being  able  to  neutralize  or  chock  that  actinn  \if  I 
antidotes;  and  the  objects  of  treatment  wholly  lie,  therefort^  ill  pw-l 
aioting  the  elimination  of  the   morbihe  mutters   thus   engendered,  IB  I 

*  It  nuy  be  objected  to  thu  guDenJ  etatemeDt,  that,  u  the  aevcri^of  Sl»U-[ini 
WUlllf  beiiTB  A  coiiHtAi^t  mUo  to  the  uurjuuT  uf  the  cGtaneous  i^raptiun,  thii  lAniiot  bi  | 
ngudcfl  Bd  EvIievtD;^  tho  bloiid  of  a  pohioDoiu  iiDprtgnrLtion  :  but  it  in  to  be  burne  ia  muni,  I 
on  the  onii  banil.,thiil  Ilic  cinflilcni-e  of  Ihe  purtHlcs  greBtlj  ilupeiie»  the  Qonoiil  fuBcUo*  I 
of  the  tikin,  BhetMbj  the  tu(iatituti"nnJ  'iLtturlmnoe  U  laial  Beriimslj  uj^avalal,  llMitrl 
BDHjieiuiiuu,  if  otrijjpl^to,  Eitring  itself  w.le<|uato  to  domripy  life ;  And  btuideb  tlu^  the  fifan^l 
Beverit;  of  the  unpLiod  \ti  nik  indicutiiia  that  the  pi'muD  han  either  pojueved  no  eiU*'l 
ordhiiuj  poUui?,  or  hiui  (naiui  wilhiu  the  bloud  u  matenul  pcculiarlj  farouraUe  for  iBJ 
devo]opiui!ijt,  ■ 
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in  other  VerteLrateii  animals,  tliei''"  is  u  regular  and  continuoa4  wm 
meut  of  the  nutritive  liuicl  thi-oiigli  the  sangiiifei'oua  vessels ;  anr)  iipn  (!i 
tnaintenjinee  of  tliis,  the-  iictivity  iif  all  |iai-taof  the  organism  is  ■ 
la  oouiiDou  with  liirdit  anil  MamuiaU,  a^in,  Man  luts  a  R«e[iii 
culation  eDtiiely  distinct  fitiin  the  Syatemic;  all  the   lilotnl   wlin'i 
returned  froui  the  body  Ijeing  ti-nusuiilted  to  the  lungs,  and  lieing  hniO 
book  to  the  hoiirt  nj^nin,  before  it  ia  again  seut-forth  for  the  uourish 
of  the  tisBues  and  for  the  majnteuimce  of  theij  fimctioiial  ai-tii'ity, 
Hoart  is  placed  at  the  junction  of  these  two  ilbtjnct  ciru illations,  nil 
may  be  liltoned  to  the  figure  8 ;  and  it  may  be  aaid  to  be  fornied  hj  I 
fii^on  of  two  distinct  organs,  a  '  pulmonary'  and  a  'systemic'  liiurti 
its  riglit  and  left  tiides,  which  are  resjiectiTL-ly  a(ipro|iriattid  to  th» 
l)ri3es,  have  no  diruct  coram Tinicntiou  with  each  othor  (in  the  |ier 
condition,  at  leiiat),  and  seem  merely  b rough t-tomttlirt-  for  «v)i«i 
material.*      Each  aysteui  hua  its  own   set  of  Arteries  or  elFei-eut 
and  of   Veins  or  afferent  tninka  ;    these  cnnmaunicate  at   their  oenfc 
extremity  by  the  Heait,  and  at  their  peripheral  extremity  by  the  I 
lary  resaelii,  which  are  nothing  el^e  than  the  mintitast  mmifi(»t 
the  two  systems,  inosculating  inl*i  a  |)lexus. — Besides  the  systen 
pidmoiiary  circulations,  however,  tliere  ia  another  which  is  no  jiaa 
tinct,  although  it  has  not  an  impelling  organ  of  its  own.      This  is 
'portal'  ciiTulation,  which  is  interposed  Iwtweeu  the  venouB  truuks  «f  I 
abdouiinaJ  viscera  and  the  Vona  Cava,  for  the  purpose  of  diHlnhii 
that  blood  through  the  Liver,  in  which  organ  its  uewly-absorbed 
rials  undergo  assimilation  (§  132),  wliilat  its  osGrementitious  mattcni 
sepiirated  hy  the  swryting  praopss.    The  Veaa  Portre,  which  h  fonu«l  1 
tLe  convorgonee  of  the  giistric,  intestinal,  splenic,  and  )>ancrejitic 
a\ibdivides  again  like  an  artei-y,  so  as  to  form  a  capillary  plexus  wh 
extends  through  the  whole  substance  of  the  liver;  and  the  UcpaC 
collecting  the  blood  fi'om  this  plexus,  conveys  it  into  the  Vena ' 
Thus  the  portfd  circulation  is  grafted  (so  to  sjjeak)  upon  the  yenf 
culation,   in   jireeiscly  the  same   mode  iis  the  respiratory  circuUtion 
grafted   upon  it  in   Mollusca  and  Crustacea;  and  if  the  'alnus'  of  I 
vena  jiortte  had  possessed  contractile  muscidar  walls,  it  would  have  i 
as  tlie  proper  heart  of  the  portal  system.     The  really  arterial  cli 
of  the  Vena  portie  is  wt'U  shown  by  comparing  it  with   the  Aorta  J 
Fishes  i  which  is  formed   hy  the  couvergence  of  the  branchial  veins,  i 
then  distributes  the  blood  which  it  has  received  from  them  to  the  ' 
generally. 

234.  That  the  movement  of  the  Blood  through  the  arterial  trunks  i 
the  capillary  tubes,  is,  in  Man,  and  in  other  warm<blooded  animab,  cliidf 
dependent  ujton  the  action  of  the  Heart,  there  can  be  no  doubt  whaUi* 
It  can   1)0  easily  shown   hy  experiment,   that  if  the  arterial  eunvut 
checked,  the  capillai-ies  will  immediately  cea-so  almost  entirely  to  dellv' 
the  blood  into  the  veins,  and  the  venous  circulation  will  be  conaeiiuait] 
arrested.     And  it  has  ivlao  been  proved,  that  the  usual  force  of  the  He 
is  sufficient  to  propel  tlie  blood,  not  only  through  tlie  arterial  tul)«,  1 
through  the  capillaries,  into  the  veins;  since  even  a  lees  force  will  tur 

•  Al  an  oiirlj  periml  nf  fccta]  life,  aa  in  llie  pernmncnt  frtale  of  tbe  Diigong,  tJie  liiafll 
HI  ilvcpl;  cleft,  from  (he  ni>cx  tuwanls  tlie  Uisu,  an  alidoBt  to  givo  ttie  Meaof  t*o< 
urgana. 
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couuectiiig  isthmus  iie  composed  uf  tendon,  uven  though  this  bo  a  portion  J 
of  tliu  tturiculo-veuti'icuJar  ring,  which  hiia  been  supposed  by  some  to  hoi 
peculiarly  ffficiicious  in  this  conduction.- — That  the  irritability  of  tb«j 
Heart  is  not  de[)eudi?nt  upon  the  Oerebro-spiual  sy8t«Di,  appears  not' 
merely  from  the  manifeatAtion  of  it  when  tlie  organ  is  altogether  romoveil 
from  t>ie  body;  but  hIho  from  the  fact,  that  if  the  flow  of  b!oo<t  through^™ 
the  lungs  be  kept-np  by  ai-tilicial  respimtiou,  the  lieort's  action  will  con-^| 
tiime  for  a  lengthened  period,  even  after  the  Brain  and  Spinal  Cord  have  ^^ 
been  removed,  and  when  auiinal   life  in,   therefore,  completely   extinct. 
Hence  we  see  that  the  Initability  of  this  organ  muat  be  on  endowment 
properly  belonging   to   itai'lf,   and   not   derived  from  that  ]>ortion  of  the 
Nervous  System  (§  'J28).     Like  the  contractility  of  other  musek-s,  it  COu^B 
only  be  continuously  sustaiued  by  a  supply  of  Artci'ial  blood  to  it«  awii'^l 
tissue  (See  Pbisc.  of  Gen,  I'hts.).    It  is  much  less  speedily  Irjst  in  cold- 
blooded animals,  however,  than  in  wurm-blooded ;  the  heart  of  the  Frog, 
for  example,  will  go  on  pulsuting  for  many  hours  after  its  removal  from 
the  body ;  and  it  is  stated  by  Dr.  Mitchell,*  that  the  heart  of  a  Sturgeon, 
which  he  bail  inflated  with  air,  continued  to  beat,   until   the  fturicle  had 
absolutely  become  ao  dry,  as  Lo  rustle  during  its  movements.     It  h«.^J 
further  been  shown  by  Mr.  Toil,  that  the  irritability  of  the  heju-t  is  of^| 
great  dui-ation  after  death  in  veiy  young  animals;  which,  iis  was  lony^^ 
since  demonsti'ated  by  Dr.  Eilw.Ti-ds,  agree  with  the  cold-bloodeii  Vorte- 
brata  in  their  power  of  sustaining  life,  for  a  lengthened  period,  vrithont 
oxygen, 

i'3(>.  It  b  difficult  to  oecount  for  the  long  contintuiuce  of  the  alteroat« 
contractiotiK  and  rehixations  of  the  muscular  parietes  of  the  Heail,  after 
all  evident  stimuli  have  ceased  to  act  upon  it :  and  many  theories  Imvo 
lieen  ofl'eredon  theBubjcft,  none  of  which  afford  an  adequate  ex  plan  ution. 
The  extriionbuiiry  ten<leiiey  to  rhylluiiicaJ,  action,  by  which  the  heaxt  i* 
diatingtiiahed  from  neiirly  all  other  mu.'icles,  is  shown  by  the  fact,  that 
not  only  do  the  entii'e  hearts  of  colil-blooiled  animals  continue  to  set  long 
after  tlieir  removal  from  the  body,  but  oven  He|iarated  [lortions  of  them 
will  eontmot  and  relax  with  great  regularity  for  a  long  time.  Thus  the 
auricles  will  pei-sist  in  their  rhythmical  action,  when  cut-oiT  above  tha 
auric ulo-ventriculo  ringti;  and  the  apex  of  the  heart  will  do  the  same, 
when  3e]«ratcd  from  the  rest  of  the  ventricle.  The  stimulus  of  the  con- 
tact of  blood  with  the  lining  membrjiiie  of  the  heart,  to  which  its  regular 
actions  have  been  commonly  referred,  can  liave  no  influence  in  producing 
such  movements ;  nor  does  it  n]i[>ear  that  the  contact  of  air  can  take  its 
place ;  since,  as  Dr.  J.  Iteid  hiis  shown,  the  I'hythmical  contraction.1  of  the 
heart  of  a  frog  will  continue  in  vaciut.^     Nor  is  there  any  evidence  that 
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*  "  Anieliain  Juuronl  of  the  Molical  SnleutoM,"  vol.  rii.  p,  58;  see  also  Fraf.  DungtiHii'a 
"UiiiDMi  I'hjuiiilrtgy,"  7tli  Biit.i  lol.  ii.  p.  HU. 

+  "  CjelnpiBilin  uf  Anftlfliiiiy  and  PLysiologj,"  vol  ii.  p.  611. — This  GXperimimt  hu 
been  aini't!  njpiiatoii  liy  I'mf.  Tiwleninim  ("  Miiller's  Archiv.,"  18471  imJ  hj  Dri.  Milcbdl 
null  Blithe  iPriif.  iiaa^Wfm'K  '■  DuTnnn  PlijHiirlugy,"  Tth  Eilit.,  vol.  Li.  p.  15U\  with  ■ 
<tiA(4rtul  rtiault;  the  pulnfitJUDA  Iwin^  8f>tteJtly  bjvm^ljt  to  n  nlAntl  bj  the  cjthauflttcni  irf 
(IiD  air,  iLod  beiog  (voewed  wbeu  it  was  rti-odmitteH.  This,  bowtiver,  diMH  nut  io> 
nJiilnte  tho  positive  fort,  tluit  Iha  ]mt«it4ou  miiy  amliiine  rn  Tamo,  wbicb  pn)Teii  tlisl 
tJiu  HlJ[ualufa  I'f  air  ciu^not  be  itH  uuiiutAiuing  pi>vi:r ;  urid  ituly  ribuw*  tbnt  tht  pruenctf 
iif  uKjgBn  ia  (wBUDtinl  lo  tJie  euatinmnce  of  tbc  bwirt'"  inotcinmU,  at  In  muicuinr  wticm 
in  geucrol. 
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Spinal  centres,  too,  tLttt  the  influence  nmst  originate,  wliich  is  ejcprtnl  lij 
excessive  Mentul  Emotions,  in  ilepreasing  or  eveu  checking  t)ie  Hoart'i 
action,  anil  in  hence  producing  a  state  of  the  general  syst^'in  closclj'  i 
bling  that  which  results  from  Berere  bodily  injury. 

239.  It  has  been  nsacrtcd  by  Valentin  and  other  (-xperimeiiterB 
(though  many  more  hare  obtained  nono  but  nogative  r^ulU),  that 
mecliaaiical  irritation  of  the  Pncumogastric  nervea,  esfieciidly  at  th«r 
rooffl,  has  a  t#ndi-incy  to  aecderitt«  the  heart'B  nction,  or  to  rt'^xaiu 
it  wlii!ii  it  lias  come  to  a  stand.  On  the  other  hand,  it  ia  certjun 
that  these  nerves  may  serve  as  the  cliimnel  of  an  iiifliieni^  of  a  ve 
opposite  chfti-acttir;  for  the  experiments  of  MM.  Weber,  wliich  have  In 
re|ieftted  by  many  others  with  tlie  saine  effect,  have  shown  that 
movements  of  the  Heart  may  be  iranieiliately  arreKlcd  by  the  transmisfflo 
of  the  electric  current  from  a  rotating  magnet,  either  through  the  Spin 
Cord,  or  thi'ough  the  Fueumogastrics  divided  at  their  origin ;  the 
irritation,  however,  applied  to  a  single  one  of  the  Vagi,  proiluced 
effect*  Hence  it  is  probable  that  the  inffueoce  of  sudJeo  and  violentJ 
injury  to  the  Cerebro-spinal  system,  may  be  conveyed  through  tbewj 
trunks,  oa  well  as  through  the  Sympathetic  nei-vea. — Admitting,  the 
that  aomc  influence  ia  exerted  upon  the  Heart's  action  l)y  tlie  Ca 
branches  of  the  Pneumogaatric.  it  remains  to  inquire  whether  that  inflii 
ence  be  e.ssential  to  ita  movements;  and  whether  these  uer\-».'a  tVirtu  thi 
channel  through  which  they  are  affected  by  emotions  of  the  mind,  or  liy^ 
oontlitions  of  the  bodily  system.  In  regard  to  the  firet  point,  no  doubt 
can  be  entertained;  since  the  regular  movements  of  the  heart  arc  but  H 
little  affected  by  section  of  the  Pneumogastrics.  With  respect  to  thefl 
Beconil,  there  is  more  ilitficulty ;  since  the  number  of  causes  which  may 
influence  the  rapidity  and  pulsations  of  the  hoai't,  is  very  considei-able. 
For  example,  when  the  blood  ia  forced-ou  more  rapidly  towards  the 
heart,  as  in  exercise,  struggling.  &c.,  its  contractions  ore  rendered  more 
lre<juent ;  and  when  tlie  current  moves-on  more  slowly,  as  in  a  state  of 
rest,  their  trequency  liecomes  proportiomibly  diminished.  If  the  contrac- 
tions of  tlie  heart  were  not  thus  in  some  degree  dependent  Ujion  the 
blood,  and  their  number  were  not  n'gulat*'d  by  the  quantity  flowing  into 
ite  cavities,  very  serious  and  inevital)!y-fatid  disturbances  of  the  heart's 
action  would  soon  result.  That  this  adjustment  takes  place  otherwise 
than  through  the  medium  of  the  nervous  centres,  is  evident  from  thtt 
fiwt,  that,  in  a  dog,  in  which  the  Pueumognstric  and  8ym[iathetic  had 
been  divided  in  the  neck  on  each  side,  violent  struggling,  induced  bj' 
alarm,  raised  the  number  of  pulsations  fi-om  130  to  3tii}  per  njinute.+  It 
is  difficult  to  asceilain,  by  experiments  upon  the  lower  animals,  whether 
simple  emotion,  unattended  with  struggling  or  other  exertion,  would 
affect  the  puIsatiouVff  the  heiu't,  after  Kection  of  the  Pneuuiegastrica;  but 
when  the  laige  pi-o(iortion  of  the  Sympathetic  nerves  proi-oeding  to  this 
organ  is  conaiderc<L  and  when  it  is  alao  remembered  that  in-itation  of  the 
roots  of  the  upper  cervical  nerves  Btijnuhites  the  action  of  the  heart 
through  these,  we  can  scarcely  doubt  that  both  may  serve  as  the  channels 

■  "Arehiresd'Aimt.  a^ntr.,  MilcrhfsiDl.,"  Jiui.  13i6  ;  ud  "  Wiigncr'*Hau<lir6rtePiJ 
bach,"  band  iii.  sbth.  2,  Art.  " MiiilcFllicwegiing.' 

t  See  Dr.  J.  lUid'»  "AiiM.  FUys,  und  Pitb.  BeacarcbiH,"  p.  170. 
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of  movement  tu  the  limbs  witli  which  they  remnjn  in  connection.  But 
thin  hjjiothsBis  does  not  give  any  real  nulutioii  to  the  <lifficu]ty ;  for  In 
every  cuBe  of  true  '  rotiex'  iiction,  the  movemeut  is  excittd  by  a  Btimuliia ; 
and  no  rhythmical  aueccsaion  of  movements  can  be  thus  excited,  snvci  by 
the  BUceesHive  retiirrunte  of  stimuli  at  regular  iuterrals,  as  in  the  wt  rif 
RoapiratioD.  It  ia  the  contiuuiuiee  of  activity  after  all  conceivable 
sources  of  stiranliition  have  lieen  withJi-awn,  which  constitutes  the  nal 
difficulty  of  tlie  caao;  anil  if  the  operation  of  audi  stimuli  be  admitt*^ 
HR  the  sources  of  re/lf.e  action,  they  may  with  equal  propriety  Xx;  re^nled 
BH  directly  acting  upon  the  fimtraotile  tibi'e, — which,  as  already  shown,  ii 
much  more  amenable  to  such  direct  excitation,  than  it  is  to  ner\-ini» 
influence;  and  preserves  its  cajjaeity  for  lieiog  impressed  by  the  former, 
during  ft  much  longer  period  than  it  remains  cajiablo  of  responding  tn 
the  latter.  Moreover,  the  fiwt  that  thi.s  movement  is  seen  to  coDim«^ce 
in  the  embtyonic  heart,  when  iia  yet  its  pririetes  consist  of  onlinary  i 
and  no  nervous  structure  exists  either  in  its  own  substance  or  in 
body  at  large,  ataiids  in  comjilete  opposition  to  the  idea,  that  ne 
force  is  in  any  way  concerned  in  niaiutainiug  this  rhythmical  action. 

242.  A  more  aatisfactoiy  mode  of  accounting  for  the  rhythniieal  mov 
ments  of  the  Heart,  appears  to  the  Author  tiO  lie  in  regarding  them  a^HO 
expression  of  the  peculiar  vital  endowments  of  its  Muscular  tissue.  For 
so  long  as  tliia  tissue  retains  its  integrity,  and  the  other  nccesaarj-  condi- 
tions are  supplied,  so  long  does  Bnalt«miitionof  oontractionnjid  relaxation 
appear  to  bo  the  characteristic  and  constant  iiionifeGtation  of  its  vit«] 
activity;  just  as  ciliary  movement  is  in  cells  of  one  class,  and  secreting 
action  in  those  of  another.— But  it  may  be  said  that,  in  attril)uting  to 
the  muscular  stntcture  of  the  heart  a  self-moving  power,  we  really  onh^B 
thi"ow-back  the  (juestiou  into  the  obscurity  fi"om  which  the  Physioli^ia^H 
has  sought  to  draw  it.*  Such  is  far  from  Iwing  the  ca.'fe,  hoivever,  if  it^^ 
can  be  pi-oved  that  tiiia  self-moving  power  is  nothing  else  than  an  esei^ 
ti<m  of  ordinary  Muscular  Contractility  under  |iei;uliar  conditions,  and 
that  analogous  phenomena  ]iresent  tliemselves  in  other  caaea.t  Now  it 
IB  shown  elsewhere  (I'rinc.  op  Gen.  ruYS.),  that  tho  contraction  of  any 
Muscle  njton  the  application  of  a  stimtdiis,  must  l>e  attributed  to  no 
exercise  of  Vital  Force  engendereil  by  previous  acts  of  Nutrition.  The 
Btiluulua  ia  not  the  «oiirefi  of  tin*  force,  but  only  supplies  some  condition 
which  is  requisite  for  its  uiunifestation ;  just  as  the  application  of  the 
discharger  to  the  Leydeu  jar  (which  has  been  charged  by  the  previoM 
action  of  the  Electrical  machine)  liberates,  so  to  apeak,  its  i>eiit-up  clec- 
trici^,  and  allows  this  to  display  itself  as  an  active  force.  Now,  ju.*  m 
the  Leyden  Jar  may  be  so  charged  with  electricity,  as  to  rftjicharge  itaidf 

*  to  HO  ffu-  an  it  iittri)>iit«H  tha  Huart's  noLion  tu  causes  nrtginBting  in  iUrM,  Uua 
doctrine  m\y  \n  HLigDinliiiM]  aa  nritbing  elifu  thAD  the  olil  Dutiuu  nf  tliu  iuliiMt^rit  '  poldfic 
Tirtne'  "f  tin-  ■irpiti,  ku  hn]ipi1y  riiiiculuJ  ly  Miiliure  and  Swift.  Bui  tbeir  u  rodlj 
juxt  tlie  lianie  iliStirvuoi  iwtween  1I113  two,  M  belwetti  th«  liiK'trino  of  Vil»l  Pom*,  khki 
it  luu  b?eu  tbQ  Aiitbiir'n  ubjwt  tu  uufuld  iu  this  lai  tlis  cumpunioii  TrentiBw,  and  th 
old  BOtiun  of  the  *  vital  prioripk''  whicii  yina  Lcid  to  oiM^oant  for  cviTytLing  iiift  otherviM 

«XplifMLblL<- 

t  It  cannut  be  too  constantly  bomc  in  niind,  in  tbi»  And  other  innUuiFci,  tbtit  to  rjjJain  > 
phenomvDOD  in  Phyfliology  ur  in  any  otlior  witinott  wbatfivLr,  i^  notJiin^  ^Im  th^n  to  ibo* 
thftt  it  is  oaafonDnblt!  to  Bome  genenkl  Ifiv^  and  that  it  is  thoR  a  retnlt  of  wmxe  pr«Tio(ilIj< 
reno^iied  t'ttJUf,  which  ia  iximinoa  to  it  with  a  nnm}>flT  of  otbi^F  preTionbly-ubeervcd  pJi^ 
noinenii.     iScu  Mr,  Jolia  Mill's  "System  of  Lufiii^"  bonk  iji.  trhap,  lii.) 
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pollapso  of  tlio  artericH.     Tim  coiitrnrtion  of  the  Ventricles,  anil  tlutt  of 
the  Auricles,   iilteiiiute   witli  uae  anothui-;  tmoh   taking   [tloce   (for  the 
moRt  jmrt,  at  least),  during  the  dilatation  of  the  other.      But  there  is  a 
period  during  which  the  Auriolea  and  Vontriclea  of  both  sides  are  dilat- 
ing together.      This  oocura  during  the  first  pari;  of  the  Ventriculw 
diaatole  ;  for  ut  the  couchtaion  of  the  xyutole,  the  Auricles  are  tar  from 
being  completely  filled,  and  they  go-on  receiving  an  ndditioual  supply 
from  the  great  Veins  (a  portion  of  which,  however,  piiiwca  at  once  into 
the  Ventriclta)  until   after  the   middle   of  the   Ventrieulai-   diiiatule,  by 
which  time  they  become  fully  distended  imd  immediately  contract.      Tba, 
coiitriiction  of  the  Aiu'icles   is  aynchrouoiia,   therefore,   with    only   thai 
second  stage  of  the  Ventricular  diastole;  and  their  dilatation  is  going-* 
on  during  the  whole  period  of  the  Veutriculai'  ayntolc.     Thus  whilst  the  j 
eiitire  period  that  InterveoeB  hetween  one  piilsation  and  another,  is  nearly 
equally  divided  between   the  systole  and  diastole  of  the   Ventricles,  the 
division  is   voiy  unequal  as   regiutla   the   Auricles;  scarcely  morn  than  1 
one-eightli  of  the   whole  lieing   occupied   in   their  contraction,  and  tl«  ] 
reuiaiuder  Iteing  taken-uyi   liy  their  dilatation.     The  following   trtbulnr 
view  will  perhaps  make  the  relationa  of  the  several  parte  of  this  aerinj 
more  intelligible; — 


KvnteuKi. 
,  ^  DiUtalion. 
*  \  Continual  Dilntatiuu. 
I    Cuntiaction. 


Vmthiclbb. 
CnubsctioD.  4 

Pirn  HBgc  uS  DilaUtiun.     )  , 
Second  Slags  of  UilnliitiGin.  J  * 


245.  In  the  nysColc  of  the  Ventricles,  their  Hurface  lieeouiea  rugous; 
the  superiiciid  veins  swell ;  the  eanie»  colunmw  of  the  left  ventricle  w» 
delineated;  and  Ihe  curved  fibrea  of  the  conical  termination  of  the  left 
ventricle,  which  alone  constitutes  the  ajtcx  of  the  heart,  Itecome  mom 
manifest.*  During  their  contraotion,  the  form  of  the  Ventricles  nsdeF- 
goea  a  very  marked  change,  the  apex  of  the  heart  being  drawn-up  towu^ 
its  base,  and  its  whole  shape  becoming  much  more  globular.  The  move- 
ment of  the  a|>ex,  however,  ia  by  no  means  a  simple  elevation;  for, 
owing  to  the  peculiar  armngoment  of  the  fibres  of  this  pait  of  the  heart, 
it  1»  made  to  describe  a  spiral  curve  from  right  to  left,  and  from  behind 
forwards.  It  is  to  this  change  in  the/urm  of  the  heart,  and  in  the  \<Mi- 
tion  of  its  aptx,  rather  than  to  change  in  the  place  of  the  organ  aa  a 
whole,  that  we  are  to  attribute  its  iinptiUe  agaiiiat  the  [larietes  of  the 
chest;  for  if  any  advance  and  recedence  do  take  jilaee,  from  the  variooH 
eauscs  which  have  Iwen  o-wigned  by  different  obsen-era  (such  as  the 
preaaui-c  of  the  blood  in  the  direction  opposite  to  that  of  the  orifioee 
tlirough  wliich  it  is  being  itnpellwi,  the  tendency  of  the  aorta  to  straighten 
itself  when  distended  with  blood,  and  the  clastic  recoil  of  the  parts  aliont 
the  base  of  the  heart),  this  miat  be  extremely  trifling  in  its  amount, 
since  all  these  causes  require  distension  of  the  organ  with  blood  for  thnr 
operation,  and  the  tilting-forward  of  the  lower  jiart  of  the  heart  still  eusuee 
when  its  apex  has  been  cut-off,  and  when  no  sucli  tension  eon  be  cxer-  •, 
cised. — The  diimtoli  of  the  ventricles,  aivording  to  Omveilhier  (loc.  cit), 
liaa  the  rapidity  and  energy  of  an  active  movement;  trimuphing  over 

*  S»  tlio  atamni  givuu   h;  M.  CrDrailliier  at  a  remnrkable  eu«  of  Ectopia  Oordi^  hi 

"Uiuetk'MMicalc"  AoUt  T,  18il. 
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247.  There  aru,  however,  some  important  ditferouces  in  the  structure 
uid  fiiucnonol  actions  of  the  two  diviHiouii  of  the  Heart,  which  sliould 
be  here  advertetl-to, — The  w.illa  of  the  left  Ventricle  are  consiiierablyl 
thicker  thiiD  tliose  of  t!ip  riy/U :  and  its  force  of  contraction  is  iiuioh 
greater.  The  following  are  tlie  comj«jative  reanlts  of  M.  Bizot'a  meamire- 
menta,*  taking  tlie  avemge  of  Males  froin  16  to  79  years; — 

Soif.  Midlife.  Apex. 

Loft  Venlrkla  .      .     .     t{    lines  BJ  lintta  Sj    liues. 


Sight  VaDtriclo 
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III  the  FeinaJe,  the  average  thickneiis  is  soiucwhat  less.  It  wUl  be  seen, 
that  the  point  of  greatest  thickiieiia  in  the  I'-jl  Ventricle  is  near  itt^ 
middle;  while  in  the  riijld,  it  is  neartT  the  biUiie.  The  tliickiit>s«  of  th«H 
foiTner  goeij-on.  iucrcaaing  dui-iug  all  perioJw  of  life,  from  youth  to 
ailvanced  age  ;  whilst  that  of  tlie  right  is  nearly  stationary.  The  Ujt 
Aurielo  is  somewhat  thicker  thau  the  riiflit ;  the  average  tiiickness  of  the 
former  being,  aooorJiug  to  Bouillaud,  a  line  and  a  liaJf;  whilst  that  of 
the  hitter  is  only  a  lin&  In  regard  to  the  relative  capacities  of  the  right 
and  left  cuvitie.s,  much  differeuco  of  opinion  has  prevailed.  The  rti/hi 
Auricle  is  gi'iierally  allowed  to  he  somewhat  more  ciipaciouB  than  the 
tfjl :  and  the  same  is  tomniouly  taught  of  the  rit//U  Ventricle.  So  mueh 
thllacy  may  ai-iae,  however,  from  the  ])eculiiu'  condition  of  the  animal  ai 
the  moment  of  deatli,  that  this  ia  not  eaxily  jiroyed,  and  is  iiide<;<l  by  no 
means  certain. — The  avei-age  capacity  of  the  cavities  may  be  estiii)at«id,j 
in  the  full-sized  Heart,  at  about  three  ounces;  that  of  the  Aiuicles  bvii 
probably  a  little  less ;  anil  that  of  the  Ventricles  a  little  gi-eater.  It 
been  shown  that  the  Ventricles  receive  more  blood  from  the  Auric 
than  the  latter  could  tmiismit  to  them  liy  simply  emptying  themselvetl 
once.— There  is  a  well-knowu  anatomical  diifereucc  between  the  aori- 
culo-ventricnlar  valves  on  the  two  sides,  wliich  lias  given  rise  U>  the 
divendty  of  name ;  and  this  seems,  from  the  researches  of  Mr.  King,+  to 
be  cuiineeted  with  an  imjjortaut  fimctioiiai  difference.  The  Mitral  valve 
elosea  much  more  jierfectly  than  the  TricuBj)id;  and  the  latter  is  so 
constructed  as  to  allow  of  couaiderahle  reflux,  when  the  cnvitiea  an 
greatly  distende<l.  Many  occiuiional  causes  tend  to  produce  an  aecumu*^ 
hitioii  of  blood  in  the  venous  system,  and  in  the  right  side  of  the  Heart; 
thus,  tuiy  obstinictiou  to  the  pulmonaiy  circulation,  cold,  compression 
the  venous  system  by  muscular  action,  ikc,  are  known  to  lavour  such  k  ' 
condition.  Tliis  is  a  state  of  peculiar  danger,  from  a  liability  which 
over-diatension  of  the  Ventricular  cavity  baa,  to  produce  a  state  of  mus- 
cular paralysis ;  and  in  the  structure  of  the  Heart  itself,  there  seems  to 
be  a  provision  against  it.  For,  when  the  ventricle  is  thus  distendedl, 
the  Tricuspid  valves  do  not  close  propeily;  and  a  reflux  of  blciod  is 
permitted,  not  only  into  the  Auricle,  hut  also  (through  the  imi>erft«t 
closure  of  their  valves  under  the  same  circumstances)  int4>  the  large 
veins.  This  is  proved  by  the  fact,  several  times  observed  by  Dr.  J.  Reid 
in  his  experiments  ujion  Asphyxia,  ic,  that  wh(:u  tlic  action  of  ihp 
right  ventricle  had  ceased  from  over-distemiion,  he  cj3idd  freijuently 
re-Gxcito  it,  not  merely  by  jiucicturing  its  widls,  but  by  making  an  oii 

*  "  M^io.  dii  U  So>!.  Il6dii^.  d'ObMrralLuD  du  Paria,"  lam.  I. 
t  "(tuj-'b  HiapilJil  HeporK"  toL  li- 
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evident  from  the  fact,  that  it  nmj  still   lie  liearil  when  tlie  licftrt  is  Ctm- 
tmctiiig  out  of  the?  liwly,  or  when  the  impulse  cnnnot  take  place. 

6,  That  the  Boiini]  m  partly  mtuciUar,  that  is.  prmluced  in  the  nd  of 
miiBcular  contwiction  (probably  hy  the  friction  of  the  |>articlea  of  the 
muscle  against  each  other,  see  Princ.  of  Gen.  Phys.),  would  *ppe«r 
from  the  fact,  that  it  may  be  still  perceived  nftee  tlie  heart  has  been 
removed  frwm  the  body  and  oomplctely  drained  of  its  lilood.*  But  that 
this  is  not  its  only  source,  in  shown  liy  the  great  diminution  in  itM  inten- 
aity,  which  ia  obscrvabie  under  such  cireumstnnces. 

c.  That  the  sudden  teneirm  of  the  aiiriinilo-ventriculftr  vaieef,  with  tii 
reflux  of  the  blood  against  them,  at  the  commencement  of  the  Tentii- 
oular  systole,  is  a  cause  of  sound,  would  seem  to  be  indicated  by  tafl 
analogy  of  tjio  semilunar  valves;  and  an  expcrinieut  by  Valentin.t  ia 
whiclr  a  sound  in  some  degree  i-eaembling  the  first  sound  of  the  heart 
was  produced  by  the  impulse  of  fluid  against  a  tense  membrane,  has  betu 
adduced  in  confirmation  of  this  view.  But  it  is  to  he  borne  in  mind, 
that  these  valves  oumot  close- together  with  the  snTne  suddenness  as  da' 
the  semilunar,  being  i^estralned  by  the  spring-like  tension  of  the  cameffi 
oolumnaj;  and,  moreover,  even  admitting  a  sound  to  be  produced  by 
their  closure,  such  a  sound  would  be  momentary,  and  would  not  ponesi 
the  prolonged  character  of  the  true  first-sound.  Still  it  is  not  improbable 
that  the  tension  of  these  valves  serves  to  augment  by  resonance  tliS 
sounds  produced  in  other  ways. 

d.  Tliat  the  r*w/i  o/  hlooil  througli  the  narrowed  orifices  of  the  great 
arterial  tronks  is  really  a  cause  of  sound,  is  indicated  by  the  resulta 
ex]wrimeiitB  made  upon  tubes  out  of  the  body,  and  upon  large  bl 
vessels  through  which  the  blood  is  circulating ;  for  any  diminution  of  th« 
calibre  of  a  tube  through  which  fluid  is  rapiiUy  moving,  gives-rise  to  S 
continuous  murmur.  And  that  this  cause  is  in  operation  in  the  heartf 
ia  specially  indicated  hy  the  observations  of  Cniveilliier  upon  the  oase 
already  cited;  for  he  noticed  that  (the  effect  of  the  impulse  being  there 
in  abeyance)  the  greatest  intensity  of  the  firet  soimd  was,  like  that  of 
the  second,  at  the  base  of  the  heart,  in  the  region  from  which  the  great 
vessels  originate ;  whilst  he  could  discover  no  production  of  sound  in  the 
region  of  the  auriculo- ventricular  valves. 

e.  Lastly,  that  the  colUfUtti  of  the  jMU'ticlea  of  the  blood  with  eacbl 
other,  and  with  the  tense  muscular  parietea  of  the  heart,  together  witi 
its  movement  over  the  inequalities  of  the  internal  surfoco  of  the  ventricle, 
will  become  a  cause  of  sound,  may  be  su»i>ected  from  what  ha]>|>cns  d»e- 
where,  and  more  especially  from  the  production  of  a  very  distinct  eoiwd^ 
by  the  movement  of  blood  in  the  interior  of  an  aneurism  ;j;  but  that  tlusH 
cause,  if  it  have  a  real  esistcnce,  ia  much  inferior  in  ])ot«ncy  to  tlie  pre-^* 
ceding,  appears  from  the  foct  that  it  cannot  he  distinguishetl  from  it ;  and 
that,  neither  separately  nor  combined,  do  they  give  a  sufficient  account 

of  the  phenomenon,  is  obvious  from  the  persistence  of  a  sound  afier  the 
heart  has  been  completely  emptied  of  its  blood. 

350.  It  is  only  hy  thus  regarding  tho^ai  gound  as  made  up  by  ttmmi 

■  S««  the  '  Report  of  the  LddiJoii  Cnnuiiittee  npon  ths  Suniidi  of  Iha  Heart,'  ia  A* 

"Tmns.  of  Brit.  Aasf-i,."  for  1830, 
t  "  LulirliOKh  Jer  Phjsiulngio,"  hand  J.  p.  427, 
£  See  Uic  '  Bepurt  of  the  Dubliu  Cummittw  nf  Ui«  Rritiali  Auaciatiaa,'  Inc.  Hit. 
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pni*aiiite  of  potaah  int«i  one  part  of  the  syHteiii.  unit  drawing  blood 
aiirilher.  He  Htatew  l.hut  Ilp  detected  this  wilt,  iti  blood  drawn  from 
the  jiigidnr  veiiia  of  thi;  Horse,  witliin  30  or  30  secoiida  after  it  had  be«> 
introduced  into  the  other  ;  in  whicL  hriyf  Hpiioe  the  hlood  nmat  Iiave  bwu 
received  by  the  heart,  must  huve  bet'n  twusndtted  through  the  luDg^ 
have  I'eturued  to  the  heart  again,  have  been  sent  through  the  earoti4 
artery,  and  have  traversed  its  capilluriea.  From  experinientaof  aainular 
nature  ii[ion  other  veina,  he  states  that  the  aa.lt  passed  from  the  jugular 
vyin  into  t!ie  saphena  in  2rt  seconds  ;  into  the  raassi'teric  arttry,  in  from 
15  to  20  Beconib  ;  into  the  external  maxillary  artery,  in  from  111  to  25 
bwmukIb  ;  and  into  the  metatarsnl  artery,  in  from  30  to  411  seconds.*  The*« 
exi>erimentB  have  lieen  fully  ymlinutid  by  tliose  of  Poiwieuil!e,t  and  also 
by  those  of  Mr.  Eluke;!  the  latter  of  whom  varied  them  by  eTnploying 
different  Hiihstancea.  and  toijk  other  jirecaiitions  against  soureea  of  fiillacy. 
At  an  interval  of  1(1  Bpconds  after  having  injectwl  a  solution  ol'nitraieol 
bai-yta  into  the  juguhir  vein  of  ii  horse,  he  drew  blood  from  the  carotid 
ai-tery  of  th(^  oji]wsitii  aide ;  itfticr  jillowiug  this  to  flow  for  five  secotids,  he 
anhstituted  another  vesHe!,  which  leeeived  the  blood  that  flowed  during 
the  5  ensuing  seeonda ;  and  the  bliHjd  that  flowed  nft«r  the  20th  iieoond, 
by  which  time  the  action  of  the  heart  had  stopjicj],  was  received  into  a 
thinl  vessel.  These  djfi'ereut  sjiccimciis  were  carefiUly  analysed.  No 
trace  of  baryta  could  be  detected  in  the  blood  which  had  esc!ii)ed  frotn 
the  artery  Vietween  the  10th  and  the  1/ith  second  after  the  injection  of  ih' 
poison;  but  in  that  which  was  drawn  between  the  15th  and  the  20i 
Hecond.  the  salt  was  found  to  be  present,  and  in  greater  abundance  than 
in  the  blood  which  had  aultsetjuently  flowed.  Moreover,  the  eoineideno 
Ijetween  the  cessation  of  the  Heart's  action,  and  the  diffusion  of  the  salt 
thiimgh  the  aileria!  lilood.  bear  a  striking  correspimdence ;  and  it  may  be 
hence  inferred,  that  the  nrrestiiieiit  of  its  muacidar  niovenient  ia  due  to 
the  efli'Ct  of  this  agent  iqiou  its  ti.^sue,  when  immediately  fiperating  upon 
it,  through  th<'  capillaries  of  the  coronary  artery. — Tins  eonclusiou  it 
lM>nie-out  by  ft  variety  of  other  esiierinients;  which  show  that  the  time  of 
the  agency  of  othtir  (misons  that  suddenly  check  the  Heart's  action  (whicli 
is  the  especial  pro]ierly  of  mi.iu-rrd  poisoas),  nearly  coincides,  in  ditferent 
aniTiiftls,  with  that  which  is  required  to  convey  them  into  the  arterial 
cai'illaries.  And  it  seeius  to  derive  fall  confirmation  from  the  fjict,  that 
jHjisons.  which  act  locally  on  other  parts,  give  the  first  indications  of  their 
operation,  in  the  same  period  after  they  have  been  introduced  into  tha 
Tenons  circulation.  Tims,  in  the  Horse,  the  time  that  ia  requiretl  for  the 
bhtod  tc.  JMISB  frorn  the  jugiUar  vein  into  the  capillary  tcniiiuations  of  the  m 
coronary  arteries,  is  16  atsonils,  as  is  shown  by  the  power  of  nitrate  "f  fl 
potass  to  an'tst  the  Heart's  action  within  that  time;  and  nitrate  of 
atryehiiia,  injected  into  a  vein,  gave  the  first  manifestation  of  its  action 
on  the  Spinal  Cord,  in  precisely  the  same  number  of  seconds.      In  the 

*  AhhonBli  attemplR  h»TB  beeo  maHe  to  invnli.liite  the  infortncp  whiph  »win«  iiiovit«blj 
lo  fluw  frem  tbeae  eifwrimenU,  in  regard  t-i  the  mU)  of  the  circii  bitiiiD,  l>v  attributius  llis 
IraiiBinifipioii  uf  thi'  HiJt  (/>  the  permeabiljtj  of  the  nnirniJ  liBsneii,  yet  it  h(u  never  been 
abuvn  thnt  even  ]iniuEiit«  of  p^^to^h  (which  \t,  priiliAbly  al  [en^l  fu  tmnsniiHHKtJ'r  ihrrTigb 
audi  n  rtidiisel,  u  Buy  other  suit)  can  tbui  tinil  \\a  n»;  from  ime  \iaxt.  tu  lUiothirr.  iritli  * 
rapiiiity  iit  itJI  jiroporlioniiJ  to  tliii. 

t  "  Ann.  d.*  Sci.  Niit.."  ISi;:,  Zoul.,  lom.  ni.  p.  32. 

*  "  Edinb.  Med.  and  Siir([.  Jonrupil,"  Oct.,  ISIl. 
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h.  The  ditTercnoQ  caused  liy  Siue  ie  very  c^miaiileml'le.  Espadi^^l 
ailiilt  age;  it  a]ijii!ai-!i  from  tln>  inqairiea  of  Dr.  Owy,*  that  tbiVH 
of  tlie  ailnlt  FiiiiiBle  onliuarily  pscecds  ill  frequency  tho  {lulie  of  II 
aAxdt  Mj)ie,  at  the  sauic  mean  age,  by  from  10  to  14  beau  iftl 
tninuteL  M 

e.  Mauy  of  the  oliservatioua  upon  the  ofiect  of  Statun  upcm  ihc  poU 
lire  inTaJiJated  by  tbo  nogluct  of  other  oonditioiis  in  malduf;  thi-'in ;  il  ■ 
affirmed  by  Volkinaim,  however,  that  a  toleinhly  ile^ile  ntiu  a^Mfl 
the  pnhe  being  cisleria  parihus  less  frtK|Uont  as  the  etature  is  gri;ai^^| 
that  if  tlio  ])iilse  of  a  man  of  5^  feet  high  were  TO  per  minnte^  tbi^^| 
man  of  0  feet  would  bo  CtrT,  and  that  of  n  man  of  5  feet,  73-8.  "J 

d.  The  effect  of  Mmciiiar  ExerCiori  in  riiising  the  jmlae  is  well  ko^M 
as  b  also  the  fact,  which  is  one  esomplification  of  it.  that  the  puLw^^l 
considerably  with  the  pontiire  of  the  body.  The  amount  of  tlua  vad^H 
has  Ijeen  mailc  the  aubject  of  extoiiaive  inquiry  liy  Dr.  Guy;  U^^| 
following  are  Itis  results.  Tn  100  healthy  Mtilea,  of  the  luean  uge^^| 
years,  in  a  state  of  rc:it.  the  aTcruge  frequency  of  the  pulse  wim,)^H 
Htanding  7!),  when  sittiug  TO,  and  when  lying  l37,  per  miiiut<'.  8^^| 
exceptions  occurred,  however,  to  the  general  law ;  and  when  thrsi^^^ 
excluded,  the  average  numbers  were,  standing  81.  sitting  71,  lUid^^l 
66 ;  BO  that  the  did'erenee  between  stjinding  and  sitting  wafi  1H  l>adBH 
1-Stli  of  the  whole ;  the  difference  Iwlween  sitting  and  lying  was  5  l««tn 
or  l-13th  of  the  whole;  and  the  difference  between  standing  oiid  Ifiul 
was  15  beats,  or  1-dth  of  the  whole.  In  50  heiklthy  Females  nftlieO^B 
mean  age,  the  aventge  ])ulse  when  standing  wa.-^  89,  when  sitting  ^I.IbB 
Then  lying  SO ;  and  wheu  the  eiceptiona  (wliich  were  more  nunioTiiiii  lU 
proportion  than  in  males)  were  excluded,  the  averages  were,  3tajiding,9lJ 
sitting  81,  lying  79;  the  difference  between  staading  and  sitting  wuttM 
7  beats,  or  1-1 3th  of  the  whole;  that  between  sitting  and  lying  waiial 
l-31st  of  the  whole;  and  that  betwet^n  standing  and  lying  was  11. <a 
l-8th  of  the  whole.  In  both  sexes,  the  effect  produced  by  chaui/r  «fp»J 
turc  ineroa.sea  with  the  usual  frw^uency  of  the  pulse ;  whilst  the  ei«!]ilii)n»| 
to  the  general  mlc  are  more  numerous,  as  the  pulae  is  less  frequeni  Tlnl 
variation  is  temj>orarily  increased  by  the  mnscnlar  effort,  involved  io  Ihfll 
absolut**  change  of  the  jwsture  ;  and  it  is  only  by  the  use  of  a  rrvolviiif  1 
board,  by  which  the  |)Oaition  of  the  body  can  be  altered,  without  •nf  I 
exertion  on  the  jiart  of  the  subject  of  the  obsei-vatiou,  that  corrrjct  nsQlWl 
can  be  oblainciL  That  the  difference  between  standing  and  slttiiif;  abouU  I 
be  greater  than  tjiat  between  sitting  and  lying,  is  just  what  we  shouU 
expect;  when  we  comijare  the  amount  of  miiAculor  effort  re<(uired  intlu 
maintenance  of  the  two  former  positions  respectively. 

e.  The  imlse  ia  well  known  to  be  much  accelcrsited  by  Mental  Knnt*-. 
ntenl,  eapeciaJly  by  that  of  the  Emotions ;  it  is  abo  quicker  during  /^^l 

prevulent  uotion,  biw  iiiKa  lielemiined  b;  the  obwjrvutiuus  uf  LenrM  and  Mitiiii^  <**'^ 4 
Freqnea™  den  Poula  chci  iea  Ali6u*a">,  Dr,  Pennock  ("Amer.  Jonm.  of  Med.  Sd,*! 
Jnlj,  1817).  anrl  Prof.  Volkmann  (Op.  dt.  p.  127).  ^ 

*  "Quj'b  Hoapitfil  Rvports,"  lul.  iii.  p.  312;  uid  "  Cyelop.  of  Aii&t.  uiil  E^jiiiii* 
Tol.  iv..  Art.  TolK.' 

f  Witb  bja  as^ai  i^  for  form  idariiatioii,  Volltiutmo  eiiiremea  Ibii  ntio,  »t  M"^ 
from  B  lirge  numlwr  of  ohaervntiiJiia,  bj  the  ratio  ji  .ji'^h'l  .■  hi  (;i  hoiog  Hit  mte  of  1*" 
pulu,  Anil  A  thf  h(?i|jht  of  the  txaij) ;  ur,  in  utbcr  wonin,  the  ratJ<>  is  that  uf  lAi  Hiili  nri 
of  the  fifth  poietr  of  the  haghb. — Surelj  thia  a  riding  a  hohhj  lo  the  dekth. 
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cations  or  anastomoBes  exist  lunong  these  branchea,  so  that,  by  om&i 
snbdiviHiDD  and  in  oscillation,  tbeir  distriWtion  cotnea  more  anil  nmn  I 
resemble    the    capillai'y    network    in    which    they  t«rminat«   (Kig,   tfl 
Although  the  diamelnrs  of  tho  branches,  at  encli  siib(livisti>ii,  I-iikiIi 
exceed  that  of  the  trunk,  yot  there  is  but  littk'  liitl'-^rvut-e  m  llieir  ri^«i 
tii-e  areim.     What  ditlbrence  does  exist,  however,  is  usually  lu  fiiv 
tlic  branches ;  tiud  thus  it  hupjieiis  that  there  is  a  j^rtulual  iuerewM  j 
capacity  of  the  arterial  Bystem  from  its  ceuti-e  tcwards   tlie  nap 
whose  caparity  ia  many  times  gieater  (§  263). — The  Art«ries  excrti 
important  influence  u(ion  the  luoyement  of  blood  through  tbeni,  in  ' 
of  the  physical   and   vital  pi-operties  of  their  walls,  or  rather  rfj 
middle  or  fibrous  coat,  which  alone  is  posBvssed  of  contntctile  pr 
We  find  in  this  coat  a  layer  of  yellow  Elastic  tissue,  which  in  nio 
thicker  in  the  largtr  arteries,  in  proportion  to  their  sia;,  than  in 
sninller.     On  the  inside  of  thia  i»  a  layer  of  annuloj'  fibrea,  ooiuj^hiwI < 
Muscular  Sbre-eells,  mingled  with  areolar  tissue  ;*  the  tnusiiilar  ell 
however,   ia  much  more  abundaut   in  the  gmalter  nrtcritw,  than ! 
larger.     To  the  former  tissue  ia  due  the  8iai])le  elaalicily  of  the  iirl* 
walla,  which  is  a  physical  property  that  pei'sists  alV-r  deatli,  until  a ! 
cbnuge  takes  place  in  their  ciimposltiuu ;  whilst  tu  the  latter  wn 
attribute  the  property  which  they  unqueBtionably  possess  (iij  « 
with   pro[)er  muscular  tis.*iue),  of  coritractiny  on    the   apjiliciitiini  ofl 
stiinnliis,  so  long  an  their  vitality  remains.     Tlieso  two  cudowim-iifaii 
|iossesstcl  in  variouH  degi^ees,  proportional  to  the  respective  preilnuiiiu 
of  the  eliwtic  or  of  the  muscular  tissue,  by  the  dilierent  (iig-tj.  of  i 
Arterial  system.    Thus,  as  was  justly  rcniurketl  by  Hunter,  the  tlaMia 
being  the  property  by  which  the  interrupted   force  of  tlie  Heart  is  i 
equable   and  continuous,  ia  most  seen  in  the  large  vessels  more  imo 
diately  coiuiected  with  that  organ ;  whilst  on  the  other  hand,  the  on 
lUifi/  is  iiirist  obstir.'able  in  the  smaller  vessels,  where  it  is  more  requir 
for  reguliiting  the  How  of  blood  towards  particular  oi'gans. 

25<i,  It  has  been  denied  by  many  Physiologists,  tbat  the  mijiile  i 
of  the  Arteries  possesses  any  property  tliat  can  be  likened  to  Mo 
IrrilnhUili/ ;  but  no  reasonable  doubt  can  any  longer  esist  on  thb  \n 
Although  many  experimenters   have  failed  in  producing  eontractioun ! 
their  walls  by  stimuli  directly  applied  to  themselves,  yet  such  coulraiHaoa 
may  be  so  easily  demonstrftt^sl  by  projitr  mi'ttns,  that  the  iio^tive  i 
cannot  be  admitted  aa  invalidating  tlie  fact.     It  is  of  course  in  the  snia 
arteries,  that  the  evidence  of  this  contnkctility  should  W  sought;  anil1 
may  be   readily   obtained  by   observing  the   effects  of  various  sljiou 
mechanical,  chemical,  or  electrical,  upon  the  vessels  of  a  transp 
membrane,  such  as  the  bat's  wing  or  the  frog's  fool.     Thus  iC  wliiln  ' 
wateh  the  movement  of  blood  in  a  companion  artery  and  vein,  we  i 
the  point  of  a  fine  needle  across  them  three  or  four  times,  without  spp*"! 
rently  injuring  tjiem  or  the  membrane  over  them,  they  will  lx)tli  |D 
sently  contract  and  close ;  tlien,  after  remaining  for  a  few  minutes  in  ik*  1 
contracted  state,  they  will  begin  again  to  ililate,  and  will  grndially  in- 
crease in  diameter  until  they  actjuire  a  larger  size  than  Viefore  the  rtiinilll 
was  ap])lietL      Wlien  in  this  condition,  thuy  will  not  ugain  contract  on  t 

•See  Prof.  KolHkflr'i  *■  Mnnnal  of  HDiniin   Hiitologj"  (BjdenhMii  8odetj*»  Wt-)-\ 
■nV.  ii.  p,  aai. 
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iiilV-ired  to  exist  fraiullieuct  of  liliiBliiti^  itiiil  other  anslagotM  pheun 
ia  cajmble   of  OKperini  tin  till   (loinonHtciitinu.     Thus,  Valentin   ainl 
Imve  succeeded  m  pi'oJucLoj;  eviilent  t'oiitmotion*  in  tlie  Aort*,  liy  ; 
tioQ  of  the  Symputhetic  nerve,  and  i)f  tlie  roots  of  the  cervical  lu 
the  Spinal  system.      It  is  in  t)»u  sninJIer  urteriea,  howuver, 
reason))  already  given  (^  255),  we  should  esjiect  to  HnJ  the  bealorid 
of  the  excitobility  of  rouMciduv  foutruction  through  their  ne rvai, 
Hoah  evidence  boa  been  uffortled  by  the  exi>epimentM  of  Dr.  Aug,  Wll 
who  hiis  shown,  that  whilst  section  or  ligature  of  the  Syni[Mthetic  ! 
on  either  wide  of  the  neck  produces  an  enlargement  of  the  niinub: 
ou  tlmt  aide  of  the  fnce  (iis  ia  beat  seen  in  tlse  lining  of  the  exteriittl  i 
of  the  cut  or  i-!il»bit),  ucconipunied  with  iin  elevation  of  teuijifr: '  ■    ■ 
appiicAtion  of  golmniuni   to  the  nerve  for  a  minute  or  l^a,  cai> 
to  oontraot  to  their  oniinary  ctdiliiT-.* 

258.  Si-veral  experiments  also  iuiliailc  the  exiatence  of  tliat  poirrrofl 
alow  contraction  in  the  nrtories,  which  has  been  distinguislieil  by  Uwl 
appellation  Toidclly.     Thus,  when  a  ligiiture  ia  pliiced  upon  an  nritrjriaf 
a  living  iiiiimiil,   the  jiart  of  the  iirtery  beyond  the  ligature  Ixwonual 
gradiULlly  amitUer,  and  ia  emptied  to  a  certain  degree,  if  not  coiupletiJu 
of  the   blood   it   contained.      Again,  when  part  of  an  wtery  in  a  lirin 
animal  is  ianlated  by  menjis  of  two  ligatures,  and  is  jmuetured,  the  I 
issues  from  tlio  orifice,  and  the  inclined  portion  of  the  artery  is  nln 
completely  emptied  of  its  cont«nt8.      Further,  every  Surgeon  kDOWS,t 
the  controotiou  of  divided  arteriea  is  vm  efficient  means  of  the  anvatt 
hiemorrhuge  fi-orn  them,  espGeicdly  when  they  arc  of  »iuiaJl  caliim; 
that,  in  the  cose  of  the  temporal  artery  for  example,  the  complete  i 
sion  of  the  tube  is  often  the  ivjidiest  means  of  checking  the  flow  of  bin 
from   it,  when  it   hiis   been  once  wuunitod.     This   eontntction  is  mnJi 
greater  than  eould  he  accounted- for  by  the  simple  ekiJtlicity  of  the  tissiUfj 
and  ia  more  decided  in  aniall  tlian  in  large  vessels.     The  empty  con liitw 
of  the  arteriea,  generally  found  within  a  short  time  after  death,  wxrnu  1 
he  in  jiart  due  to  the   sanio  cause;  aiuoe  their  calibre  is  usually  mn 
diminished,  and  is  sometimes  completely  obliterated.      A  remarknUt 
example  of  the  some  slow  contraction,  is  that  which  takes  place  in 
end  of  the  upper  [lortiou  of  an  arterial  trunk,  when  the  paaaage  of  bin 
tliroiigh  it  ia  interrupteti  by  a  ligature;  for  the  current  of  blood  ' 
paaaea-off  by  the  nearest  large  lateral  branch ;  and  the  tube  of  the  nr 
sbrivels,  ami  soon  becomes  imj)ervioua,  from  the  point  at  wtiiJi 
ligature  is  applied,  bn«k  to  the  origin  of  that  branch.     This  last  fiict  ■ 
imiiortant,  as  proving  how  little  influence  the  vis  a  tergo  possess^  i 
the  calibre  of  arterial  tubea ;  aince,  without  any  intormptiou  to  the  y 
sure  of  blood  occaaioned  by  it,  the  tube  beeoniea  iiiipcrvious.      It  \^  to  tbll 
moderate  action  of  the  /o/tio'iiy  of  arteriea,  that  their  contraction  upon  I 
slivaiu  of  l.ilood  passing  tlu'ough  them  (which  aorves  to  keep  the  ! 
always  full)  ia  due.     If  the  tonicity  be  exccasive,  the  pulse  is  lu 
wiry ;  but  ii'  it  be  deficient,  the  pulse  is  very  compressible,  though  I 
ing,  and  the  flow  of  blood  thi'ough  tho  arteries  ia  retarded.     Dr.  C.  J,  B.] 
Williams  has  performed  some  ingenious  experiments  (J  280),  which  praff  1 

*  Soc  "  Coiiiptus  RtDilns,''  1S53.  turn,  xuri.  p,  3TS, — Of  tlik  reiiuirknllc  eijieiuHM 
w)iicb  linit  Jviuoiit^lmW  t)io  ii>f1iieui-e  of  tlie  Sympatlictic  Nvrve  R{K>aUii!  BnukUerirUriM 
tbfl  Aullior,  by  \,\<i  kiniluuiw  <if  fr.  Waller,  hitii  liimoelf  Ixx-n  n  aitutAn. 
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arteries  aupj)lymg  ports  that  are  in  a  stat«  of  active  iDcreaw.-,  ntott  I 
due,  ijot  to  simple  dilutiiticm  merely,  but  to  nuguicDtud  riiitrition; 
we  liud  tbut  tlii^lr  walls  aie  thickened  us  well  an  extendciL      Aiul,( 
other  side,  wlieu  alow  uootruction  occurs  in  these  tubes,  aa  n  I'on 
of  disease.,  it  must  bo  in  fiart  occasioned  by  atrophy ;  siuci;  iheii-  iiiiU-iliol 
is  so  much  diniiuishetl,  that  in  tirac  they  almost  entirely  iliwt{ij)oiir^ 
portion  of  a  lai-ge  artery  ahrivelHag  into  a  hgiimentous  hand. 

'260.  The  pui"jM)se  served  by  the  ElantieUj/  of  the  Arteriia,  is  one  of  | 
purely  physical  character;  ila  effect  bang  to  convert  the  iiitiTiml 
impulses,  which  the  blood  receives  fi'om  the  heart,  into  a  wmt 
current.  The  former  are  very  evident  in  the  larger  inmks ;  bal 
dimiuisli  with  the  subdivision  of  these,  until  they  entirely  disap| 
the  atpiliaries,  in  which  the  stream  ia  usually  eqmible  or  nearly  ao. 
a  powerful  foite-piunp  were  made  to  inject  water,  by  siicce«»ive 
into  a  system  of  tubes  with  unyielding  walls,  the  flow  of  fluid  at'< 
further  extremities  of  tliese  tubcn  would  bo  as  much  iutermptetl  at ' 
entrance  into  them.  But  ii"  an  air-vesae!  (like  tliat  of  u  lii-e-engine)  «a 
]ilnced  at  their  cunmieucement,  the  How  would  bo  in  a  greul  d« 
equalized  ;  since  a  pail,  of  the  force  of  each  stroke  would  1h!  sjH^iit ' 
the  compression  of  the  air  included  in  it ;  and  this  force  would  lie 
by  the  eiiiaticity  of  the  air  duiing  the  inten-al,  which  would  propo! 
stream,  until  directly  renewed  by  the  ne.tt  imjuilse.  A  mucli 
imitiition  of  the  natural  ap]}aratu;j  would  be  afforded  by  a  pipe  ' 
had  elastic  walls  of  its  own ;  thus  if  water  were  forced  by  a  svriuge  in 
a  long  tube  of  caoutchouc,  for  example,  the  stream  would  be  equ 
tiefuii;  it  had  proceeded  ffij.  This  effect  a  found  to  be  accoinplis" 
ftuy  point  of  the  Arterial  cii-culation,  in  a  degree  proportiouat** 
<listauce  fi-om  the  Heart;  and  ia  this  mode  it  is,  that  the  iuteruiiB 
force  of  tiie  ventricular  conti-action  is  almost  equably  diatributeil 
the  whole  of  the  inten-al  betvveeu  one  systole  and  another,  by  tbe 
traction  of  the  elastic  tul>es  in  the  dilatation  of  wlJch  it  was  at 
exjiended. — Another  effect  of  this  elasticity  is  to  distribute  the  pr 
of  the  blood  upon  the  walls  of  the  arteries,  mueJi  more  equally  th 
would  be  the  ease  ii' they  (bmied  a  system  of  rigid  tubes.  For,  aco'ir 
to  Volkmann,*  since  the  latenil  j>res5ure  of  a  liquid  moving  ihrou 
tubes  of  unifonn  calibre  with  rigid  walls,  is  proportiouid  to  the  rwsis 
to  be  overcome  at  each  point,  and  since  this  resistance  depends  upoo  I 
adhesion  liUct  friction  between  the  liquid  and  the  ]iarietes  of  the 
the  lateral  jiresauj'e  at  each  point  will  vary  inversely  with  the 
of  tliat  |ioint  from  the  discharging  orilioe.  Consequently,  if  the 
constituted  a  system  of  ri^d  tubes,  the  pi'esaiu^-  on  their  wuUs 
decrease  very  nipidly,  in  passing  from  the  heart  towai'ds  tlieir  periph 
exti-emitie*!.  Such,  however,  is  fer  from  being  the  case;  for  although  I 
pressure  is  by  no  means  equal  throughout  (§  2C3),  yet  it  does  not  TVjr  id 
any  such  ratio. 

2G1.  The  ilistension  of  the  Arteries  that  is  consequent  U|)on  the  iab 
mittent  injection  of  blood  into  their  trunks,  and  the  subsequent  ooDtn*'! 
tion  which  results  from   the  elasticity  of  their  walls,  give   rise   to 
pidiaiioit  wUluli  m  [td'ceptiblc  to  the  touch  in  ail  but  the  smalleet  arb 

•  "  Himwijuiuiiik,"  1).  3S. 


[■mnilitiou  of  rigid  tultes,  and  the  pulee  at  tlio  wriBt  b  Almost 
aynclirimoiia  with  tliu  hijiirt's  i>i.'iit;  wliibt,  if  tLe  tonicity  be  <le 
tlie  niilial  [lulaa  is  felt  at  a  lou^  iut<^rval  after  the  heart's  iMBt,  i 
iUtli:tri'iice  is  still  lunre  perceptible  whi'U  the  piilne  is  eKamiiiod  in  I     _ 
Tlie  lougest  interval  in  a  state  of  heuItU  seenia  to  be  between  l-6th  I 
l-7th  of  a  second. 

2C2.  TLe  rale  of  mo'-emeiit  nf  tlic  blood  in  tho  Arteries  i- 1 
guessed-at,  iis  i^garils  the  Hura.iii  subject,  from  the  comparaij 
of  experimenta  upon  tlie  lower  aniiuala.     It  is  stated  by   Vul] 
(Op.  eit.,  p.  196)  that  the  average  veli»city  of  the  current  iii  the 
of  a  considerable  number  nf  niaiumals  which  he   cxiiniiued,  waa ' 
300  millini.,  or  nearly  12  inches,  per  second;  that  the  velocity  ia  j_ 
in  the  aiterics  lying  near,  than  in  those  at  a  didtonco  fi-Qva  tku 
thftt  it  is  DOt  increased  by  an  augmentation  in  the  number  of  ]iulaiitid 
but  that  it  ia  greatly  augmented  by  an  increuMe  in  the  volume  i 
blood,  and  lessened  by  its  diminution.      It  appears  from  the  obner 
of  the  Pi-ofra.  Weber  already  referred-to  (§  2oli),  that  the  Telocity  Tin 
goes  ft  marked  increase  in  branchts  of  arteries  whose  diameter  liu  I 
diminished  by  the  contraction  of  their  walls,  the  acceleration  lieiug  |ii 
portiouat*  to  the  naiTOwing  of  tho  tube,  ns  might  A  priori  he  fXjK 
11  giudaal  retardation  took  pliic*  with  thi-  return  of  the  artc-ry  ta  thn* 
giual  diameter;  and  when,  as  sometinies  happened,  the  vessvl  diUt«dl 
more  than   its   former  dimensions,  a  positive  diminuttou   in   the  ntt| 
movement  in  the  blood  was  uheervable. 

26.3.   The  UUfral  presmire.  of  tho  blood  against  the  walla  of  the  : 
W88  affirmed  by  Foieacuillfl  fco  be  equal  throughout  the  whole  ar 
system;  but  the  more  accurate  experiments  of  Volkmann  (made' 
Ludwig's  '  kymograpliion,'  which  ia  a   far  more  trustworthy  instnunif 
than  the  '  hiemiulynamometer'  of  Poisseuille)  have  shown  that  this  i 
meat  is  far  from  being  correct.     The  pressure  of  the  blood,  he  ron 
is   no   constant   magnitude,    but  is  incessantly  changing  aociirdiD^I 
the  stroke  of  the  heart,  t!ie  moveuieutB  of  respiration,  and  the  nnu 
actions   of  tho  body  genemlly.      A  gradual   diminution   of  its  amoo 
however,  may  be   nearly  constantly  traeed   from   the  commencement  j 
the  arterial  to  the  termination  of  the  venous  system;  and  this  is  toi 
partly  accounted-for  by  the  increase  In  the  calibi-e  of  the  vascular  ays 
which  tjilccs  place  aa  we  jxiss  from  the  arterial  trunks  to  their  ramif 
tions  (5   2.55),   and  still   more   from  the  arterial  to  the  venous  sys 
(J  277) ;  and  piirtly  by  the  diminution  of  resistance  (which   is  the  i 
Ual  cause  of  the   lateral  pressure)  aa  the  blood  moves-onwwxis  to* 
its  point  of  discharge  (§  200).     The  following  table  presents  the  i 


ACtnj)]!]^  syitcLr4.iTi4]|iH  with   th<>  heart's  beut,    nos  reallj  depeudeat  upoa  tbe 
TtiutricnlAT  ayBtoIe;    thu  whole  f4  the  iDtfiTsI   between  ono  a^utijle  and  juiothw  I 
required  Tor  the  tniBiuniiieinn  nf  the  pnlsc-wave  from  tht!  heart  t«  the  "Tiat,  aa  WM  ] 
bj  tniuiup  it  fmni  the  ceDlra  tiiwarda  tlie  jieriphiiry  of  the  Bilorial  aj^m.     Now  in  ' 
cose,  if  tho  m&rkwl   want  of  eyunhruuiRm  betweco  Uie  jinlae  nl  the  vriit  lUid  ia  I 
nock  hud  not  oioitod  attentlou,  the  afuchroiiiam  between  the  r^tal  polite  ftnd  lliel 
beat  would  have  puised  aa  an  ordinary  ocf  uneoce,  inutead  of  hein^  J4  very  v%\i 
phenomenon. 

*  Od  this  Terj  importmit  point,  the  iibneirntiuua  of  Vt'lbmann  are  in  full 
with  the  reiulta  of  some  of  Hoiing'B  experimente  jiorfotiDcd  with  apcml  nAnMtl 
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it  is  retui^ied  by  the  mdiclea  of  tlie  voidb  on  the  oLbcr.     The  walls  of 
the  tubes  are  composed  of  ii  ilelicnte  mcmbrBoe,  in  whicli  an  api>caraDn> 
of  trausvei'ae  striatioo   (as   if  produced  by   niiiiute   nnnuJiu'   fibres)  c«n  j 
sometimes  be  discerned ;  they  contain   nothing,  however,  that  is  in  the  I 
least  degree  comparable  to  any  form  of  muflculflr  fibre.     Bodies  having 
the  appearance  of  cell-nuclei  may  frequently  be  seen  iu  tbe  walls  of  tie . 
capillariea  of  embryos  and  of  tadpoles;  and  these  are  too   wide  apart  toj 
warrant  the  idea,  that  tbey  are  the  nuclei  of  epithelial  cells.  Buch  as  Uiuw  ' 
which  line  tlie  birger  Teasels.     Similar  nuclei  may  be  brought  into  view 
in  the  capillaries  of  adult  animals,  by  treating  them  with  acetic  ftcid; 
and   they  are   particularly  well   Bticu  in   the   Pia   Mater,  which   couustal 
almost  entirely  of  a  congeries  of  blood-vesselB  (Fig.  42.)    The  aocomfttiiy-| 

Fin.  42. 


CapiUarifBtooa-vnafUtrfna  Vit  tSalpt: — n.  t^klihrv  of  tbe  lubf .  pvtljoet'opifdbj  m-klnnolrl^ 
kllprntwy  iirnTii^  1(Mi4.rlllirhy9,  ind  epithFliftJiDEhpiroharuler^  A,A.  &,  nncLei  ifrujertinf  <m 
lti«flirrrJarcirLh(?tubo  J  e.  e,  "hllH,  imd  Ef,<«lib».of  AUFK»l>ruub;/',Jr,  m*]  tilwlei,  UTUgvcI 
tmuvon^lj.    Ui^nuAf*d  410  <1iUDi-ien- 

ing  figure  shows  the  contrast  between  the  long  oval  nuclei  ft,  b,  imbedded 
at  intervals  in  the  walla  of  the  true  capillaries,  and  rather  projecting  on 
their   exterior;  and  the   nuclei  of  the   epithelium-celIa,_/^_/;  lining  thaJ 
interior  of  a  larger  branch,  which   Itist  are  more  niuneruus  and  of  leea  < 
regular  form,  and  are  sometimes  placed  tninaversely  to  the  direction  of  j 
the  tuba     The  diameter  of  the  CupillaricB  varies  in  different  animals,  in 
accordance  with  that  of  their  blood-oorpiwcles;  thus  the  Capillaries  of  j 
tbe  Frog  are,  of  course,  much  hirgor  than  those  of  Man.     The  ordinary  | 
dianiotcr  of  the  latter  appears,  fi-om  the  measurements  of  Weber,  Miillcr, ' 
and  othern,  tii  vary  fi-om  about  the  l-370LHh  to  the  l-2500th  of  an  inch; 
the  eitreniea,  however,  are  stated   by  Kolliker  at  as  little  as  l-5000tfa 
Biid  as  much  as   l-l!S70th  of  an  inch.      As  the  diameter  of  the   Human 
capillariea,  however,  can  only  be  examined  after  death,  it  is  probable  thM 
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lion  tlmn  is  stsun  in  the  generalitj  of  the  Ittsl-iiauied  parts,  in  vlrtuti ' 
the  peculiar  uotlvity  of  the  molecular  cluuigea  which  take  place  in  UibilI 
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DMribul}^  oT  Ot/'iUiJ'-vi  in  MoHlr, 


CtyUUrif  net'inrt  Afumid  Jhtt-mih^ 


But  the  arrangement  of  Tessels  peculiar  to  each,  evidently  has  rdenn 
only  to  the  convenience  of  the  ilistribtition  of  bloixl  anioug  the  elemcnti 
parts  of  the  tissue,  anti   varies   witli  tlieir  form.      It  ia  not  ]>o3aibIe 
imagine  that  it  has  any  other  relutiou  than  thia  to  their  function ; 
the  function  of  each  Hepiiratc  dement  of  the  organ,  of  which  that  of  I 
entire  organ  is  the  aggregate,  ia  due  to  its  own  inherent  vital  power^- 
tlie  supply  of  hlood  being  only  requii-ed,  as  fVimiahing  the  matcris] 
which  tlio-fe  arc  to  be  exei-cised. 

iilJC.  The  average  toIh  of  nuivemmtl  of  the  blood  through  the  cap 
syeteai,  may  be  determined  with  tolerable  precision  by  microscopiu  i 
Huremeut;  and  the  obiiervutioiiB  of  Hales,  Valentin,  and  Welier 
in  representing  it  to  be  from  1  inch  to  \\  inch  per  minute  in  the  sj 
capillaries  of  the  Frog;   12  inch  (>er  minute,  or  -Qi  inch  per  secund,  In 
about  the  avei'age.      In   warm-blooded  animals,  however,  the  capilli 
circulation  is  probably  mncli  more  rapid  than  this;  the  observationi ' 
Volkmann  upfin  the  mesenteric  arteries  of  the  Dog  make  it«  rate  al< 
•03  iuch  per  second,  or  1-8  inch  per  minute;  and  it  seems  rea«itnable 
supfioBc  that  the  exposure  of  the  membrane   to  the  cool  air  would  |iti 
duee  a  considerable  reduction  in  the  normal  rapidity  of  the  flow  of 
through  it.     Assuming  -03  inch  per  second,  however,  as  the  rate, 
comparing  tlii-'i  with  the  rate  of  movement  of  the  blood  in  the  lurftwl 
nrteriea,  which  kcctiw  oii  the  average  to  ho  IPS  inches  per  seconil,  il  i"! 
cidcidatod  by  Volkjiiann  that  the  aggregate  area  of  the  capiliari.^  (IwinjtJ 
in  an  inverse  ratio  to  the  rate  of  the  blood's  movement  through  Uutni)] 
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even  to  thi-  etitiro  iwci^ftl,  for  a  time,  of  the  Jireoliou  of  the  mo 
iu  oiirtiiiu  of  the  tniuavi?i-ao  oreoinmimicjatini;  liraudies;  lite  flovf  i 
tiiking  [iluce,  of  ooui-se,  tc-joi  the  strongor  tnwariis  tUi- 'wiuJht  <iir 
Not  uufrciiuently,  ati  untire  stagnatiou  of  the  currbnt  in  ftoine  {mrlic 
tube,  |n-e<»de8  this  revemil  of  ite  directiou.      Irreguluritiea  of  tlii>] 
however,  are  more  fre<iilciit  whtn  tlie  Heart's  action  is  jiartl y  inter 
as  it  uBiially  is  l>y  the  prcMuve  to  which  tha  tiulpole  or  otlier 
must  bo  subjectoil,  in  order  to  allow  miciMscopic  obaermtioiis  to  W1 
upon  its  circidiitioiL      Undi^r  such  circuniHtniicea,  the  vnrietiea  in 
cupillaiy  circulation,  induced  liy  causes  purely  local,  become  ve 
apicuous ;  fur  wheu  the  wlioie  current  is  nearly  8lJ^[llat«d,  and  a  i 
inipulse  from  the  heart  renews  it,  the  movement  is  not  by  any  i 
uniform  (as  it  might  have  lieen  expected  to  be)  through  the  whole  [ 
supplied  Ijy  one  arterial  trunk,  hut  is  much  greater  in  some  of  thai 
than  it  is  in  others ;  the  variation  being  in  uo  degree  connected  witbl 
size,  and  being  very  different  ut  short  intervals. 

SCfl.  The  movement  of  the  blood  iu  the  UupiUaries  of  eolil-li 
ivuimoiti,   ftfter    complete    exciidon   of  the    Heart,    has   been 
witncEBed.       In    warm-blo(Hled   uiiimals.    this    cannot    be   sat 
established  by  experiment,  since  the  shock  occasioned  by  so  bovb 
optiration  njueh  sooner  destroys  the  general  vitality  of  the  eysten; ! 
it  may  lie  proved  in  other  ways  to  take  place.     After  moat  luiufail 
naturuJ  dejith,  the  arterial  system  is  found,  subsequently  to  the  1a]iM4 
a  few  hours,  almost  or  completely  emptied  of  blood;  this  is  part.lr, 
doubt,  the  effect  of  the  tonic  contraction  of  the  tubes  themsehc-*; 
the  eQiptyiug  U  cuinmoiily  more  complele  thiui  could  he  llius  uccounti 
for,  and  must  therefore  be  partly  due  to  the  continuHnca  of  the  oapiT 
circulation.      It  has  been  obsei-ved  by  Dr.  Bennet  Dowler,*   thut  in  I 
bodies  of  individuidswhii  have  died  from  yellow  fever,  tha  eitenial  w 
frequently  become  so  distended  with  blood  loii/iiii  a  Jeio  jninul** 
the  cessation  of  the  heart's  action,  that,  when  they  are  opened,  the  bio 
flows  in  M  good  strram,  being  sometimes  pnijeeted  to  the  liistancc  of) 
foot  or  more,  esiK-ciully  when  pressure  is  applied  above  the  pujiotn 
as  in  ordinary  blood-letting,    It  is  not  conceivuble  that  the  slowly-actia 
tonicity  of  the  arteiies  should  have  produced  such  a  result  ns  this ;  wLue 
can  scarcely,  therefore,  lie  attributed  to  anything  else  than  tlioaustro 
of  the  capilliiiy  circulation  by  forces  gencratett  within  itself.     Forthur.il 
has  lieen  well  ascertained  that  n  real  process  of  secretion  not  uufretjueullw 
continues  afk^r  general  or  somiitic  desith ;  urine  has  been  poured-out  f 
the  ureters,  sweat  exuded  from  the  skin,  and  other  |}eciiJiar  secretio 
formed  by  their  glands;  and   these  changes  could  scarcely  have 
place,  unless  tlie  capillary  cii'culation  wei"e  still  continuing.      In  the  i 
embryonic  condition  of  the  highest  animals,  the  movement  of  bio 
seems  to  be  unquestionably  due  to  some  diflused  power,  indefxindeol ' 
any  central  impulsion ;  for  it  may  be  seen  to  commence  in  the  VmcuUtJ 
Area,  before  it  is  subjected  to  the  influence  of  the  Heart     Tlie  fin 
movement  is  toumrd»,  instead  of  yVojn,  the  couti-e;  and  even  for  kotoI 
time  after  the  circulation  has  been  fairlyestablii^hei),  the  walls  of  the  Heirtl 

*  "  Resoan-iiM,  Critical  and  Ej[[H:rriDCnliil,  ou  Lbii  Cii|iil)iir]-Ciroulatioa,"  reprintad  1 
tha  "  Nca  OfIsbjis  Ueditol  nod  Surgical  Juuroul,"  Jan.  1819. 
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although  it  niiglit  Ih<  urged,  that  this  mcreosed  tletenni nation  msv  noil 
the  effect,  but  thu  cause,  of  the  increased  local  uction,  such  nn  fpniifl 
could  not  he  Biiatained  without  many  incoiiHistencies  with  posii 
For  it  is  IcBown  tlutt  such  local  det^ruunationa  may  tuke  placr' 
an  a  part  of  the  regular  phenomena  of  growth  and  development  (ft*  IB  I 
case  of  the  entire  genital  system  at  the  time  of  puberty  and  of  (nTii>ra 
heat,  the  uterus  after  conceptioli,  and  the  mammtD  ailer  parlni  i 
also  as  a  cons4J(]uence  of  a.  strictly  local  cause.     Thus,  the  stuil<  i.v  i..{ 
aware  that,  after  scTeral  houra'  close  application,  there  is  con 
increased  determination  of  hlood  to  the  brain,  cau^dng  a  sense  of  i 
siou,  a  feeling  of  beat,  and  frequently  a  diminiahed  action  in  othurj 
and,  again,  when  the  capillaiy  circulation  ie  being  examined  tuid 
microscope,  it  is  aeea  to  he  quickoiieii  by  moderate  stimuli,  uul 
equally  retarded  by  depres»iing  agents.     All  these  fiwts  hiumaiuH] 
pletely  n-ith  the  phenomena,  which  are  yet  more  striking  in  thttl 
cla^scti  of  oi^anized  beings,  and  which  are  evidently  in  accordanoai 
the  Siimc  liiws. 

272.  It  is  equally  capable  of  proof,  on  the  other  hand,  that  an  in 
generated  in  the  Capillaries  may  afi'oni  a  complet*  check  to  the 
lation  in  the  part;  even  when  the  HeaK'a  aotion  is  unim]a,iro'l, 
mechanical  impediment  exuits  to  the  trausmissioD  of  hlouil.     Thuii,'] 
of  apontaneons  Ciangi-ene  of  the  lower  extremities  are  of  no  mif 
occurrence,  in  which  the  death  of  the  solid  tisHuea  is  clearly 
with  a  local  decline  of  the  circulation;  and  in  which  it  hna  been  i 
l)y  examination  of  the  limb  after  its  removal,  that  both  the  UrgBrl 
ami  th^  uapiilariea  were  ixiiiipleb^ly  pervious;  so  that  the  oesHatioiir 
flow  of  htood  coidd  not  be  attributed  to  any  impediment,  except 
arising  from  the  cessation  of  some  power  which  esista  in  the  capil 
and  which  is  necessary  for  the  maintenance  of  the  current  through  tb 
The  influence  of  the  prolonged  application  of  Cold  to  a  part,  may  I 
quoted  in  support  of  the  same   general  proposition ;  for,  althcuijh 
calibre  of  tJie  vessids  may  be  diminished  by  this  agent,  yet  their  ciiuti 
tion  is  not  aufticient  to  account  for  that  complete  ceAation  of  the  flow  i 
blood  through  theui,  wliich  is  well  known  to  occur,  and  to  temiinat*  i| 
the  loss  of  their  vitahty.     The  most  remarkable  evidence  on  thiK  [h 
however,  is  derived  from  the  phenomi^iia  of  Asphyxia,  which  will 
more  fully  explained  in  the  succeeding  Chapter  (JJ  326, 327).   At  ] 
it  may  bo  stated  as  a  fact,  which  lias  now  been  very  satisfactorily  i 
tained,  that,  if  admissiou  of  air  into  the  lungs  be  prevented,  the  rir 
lation  through  them  will  be  brought  to  a  stand,  as  soon  as  the  air  wh 
they  contain  hss  been  to  a  great  degree  deprived  of  its  oxygen,  or  i 
has  become  loaded  with  carbonic  acid ;  and  this  stagnation  will,  of  < 
lie  communicated  to  all  the  rest  of  the  system.      Yet,  if  it  have  not  i 
tinned   sufficiently   long   to  cause   the   loss  of  vitality   in   the    nerroa 
centres,  the  movement  may  be  renewed  by  the  aihuiasion  of  air  iiitol 
limgs.     Now  although  it  has  l>een  a,'<serted,  that  the  ^ignation  is  due  I 
a  mechanical   impediment,   i-eaulting   from   the  contracted   stale  of 
limgs  in  such  cases,  this  lias  Iwien  clearly  proved  not  to  l>e  the  Cu^l,  liyl 
causing  imimalu  ti>  breathe  a  gas  dL-stitute  of  oxygen,  so  us  to  prulu 
Asphyxia  in  a  dill'ercnt  numncr;  for  the  same  stagnation  residt«,  uii 
the  other  uatKi. 
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tions  in  the  chemical  stiite  uf  the  blood  (involving,  of  coureu,  im; 
changes  in  its  vital  projiertits)  am  capable  of  exereitdug  a  most  im 
efiVut  on  the  Papillaiy  eirculatiou,  is  shown,  not  merely  by  the  stagnati 
of  tliii pviinoiuiTy  Circulation  in  Asphyxia  (§  327),  but  by  the  carious  ft 
aaoertained  by  Dr.  J.  Reid,*  that  the  blood,  when  imperfectly  artcrialised, 
is  retftrJed  in  the  systemic  capillaries,  causing  an  increHsed  pressure  on 
the  wulls  of  the  arteri^.  He  found  that,  whoa  the  ingresa  of  aii-  through 
the  trachea  of  a  Dog  was  pi-uventeil,  and  the  Asphyxia  was  procen-'di 
to  the  stage  of  insensibility, — the  attempts  at  iuspiratiou  being  few 
IttbouitMi,  iLud  the  blood  in  an  eipoHed  artei-y  being  quite  venouB  in 
chariieter, — the  pressure  upon  the  ai'terial  walls,  na  indicated  by 
hramadynauionieter  applied  to  the  femoral  artery,  was  much  grvaW 
than  usual.  Upon  applying  a  similai"  test  to  a  vein,  however,  it  was 
found  that  the  presKUre  was  ]iroiK>rtionably  dimiuiwhed  ;  whence  it 
became  apparent,  tliat  there  was  an  unusual  obstruetiou  to  the  pasiiiage 
nf  yenoQfi  blood  through  the  systemic  capiUaiies.  After  this  peri' 
however,  the  mercury  in  the  liR'madynaraometer  a]>plit>d  to  the  ai 
Ix^jan  to  fall  st.sadily,  and  at  Inst  raiiidly,  in  consecjucnce  of  tlie  d. 
nLshed  force  of  tlie  heart,  and  the  retiirtlntion  of  the  blood  in  thepulmi 
eajiillai-ies  ;  but,  if  atmospheric  air  was  admitted,  the  mercuiy 
iitiit/i,iitli/,  showing  that  the  renewal  of  the  proper  chemical  stat«  of 
blood  restored  the  condition  necessary  for  its  circulation  through 
capillar!  ea.i' 

275.  It  appears  from  the  preceding  facta,  that  the  conditiona 
which  the  power  in  question  uniformly  operates,  maybe  thus  simply 
definitely  expressed :  Whilst  tlie  injection  of  blood  iulo  the  Oapill. 
vessels  of  every  part  of  the  system,  is  due  to  the  arfion  of  the  Heart,  i' 
rate  of  piLssJi^e  Ihnmi/h  those  vusaela  is  greatly  modilied  by  the  degree 
activity  in  the  pi'ocessi'a,  to  which  it  should  normally  bo  subservient 
them; — the  current  beiug  rendered  more  rapid  by  an  inci-easi'  in  thi 
activity,  and  lieiug  stagmited  by  their  depression  or  total  cessation, 
at  any  rate,  to  use  the  more  guarded  hmguuge  of  Mr.  Paget  (loc  ciL' 
we  have  facts  enough  to  justify  the  hypothesis,  "that  there  is  »oi 
mutual  relation  between  tjio  blood  and  its  vessels,  or  the  ]iart«  ai 
thum,  which,  being  natural,  [:<ermits  the  most  ea^  transit  of  the  bl 
but.  being  disturbed,  increases  the  hiudraneeB  to  its  passage." — A  ph; 
sical  principle  has  been  put-forth  by  Prof  Draper.J  which  seems  qui' 
adequate  to  exjilain  these  pheiuimoiiu.  It  appears  ftdly  capable  of  p 
tliat  "  if  two  liquidn  communicaU:  with  one  another  in  a  capillary  tube, 
or  in  a  iMtroiis  or  |iarunehymatoua  stmcture,  and  have  for  that  tube  or 
Htructure  dillereut  chemical  alliiJties,  movement  will  ensue;  that  liquid 
which  has  the  moat  energetic  afKuity  will  move  with  the  greatest 
volocity,  and  may  even  drive  the  other  liquid  before  it."  Now  Arterial 
blood, — containing  oxygen    with  "which   it  is  ready  to  part,  and  beiug 

*  "  Edinb.  Mwi.  nuiJ  Sor[[.  Juorn.,"  April,  1841;  and  "Anat.,  PLya.,  and  Fktliid. 
BeaiarciieK, "  chap.  li. 

+  ThiN  luat  loot  {an  Dr.  Reid  hot  remarked)  is  suffiFieal  to  negaUn  Uie  iilea  of  Sir. 
BricLuieii,  that  the  ubdtruc^CD  iu  causod  bj  the  contradion  t^  the  eajritlAiriet  nader  tlv 
■timuliu  of  VEDouH  bluod  ('■  E.liiib.  Mud.  anj  Surg.  Jouni.,"  Jan.  1845) ;  for  all  Hipoi' 
menu  aiirpo  to  t>liuwin^.  Ihnt  anob  i-ontniiitiiin  otia  oolj  be  einilwl  hj  llie  a]i|>lintion  gf  | 
rtiniiilii!!  fi>c  moiK  iiiiiiuttn,  luid  that  rclax.itinn  lukei  place  bIIII  luuru  hImwI;  (|  S56). 

i  "Trialise  on  Ibu  faicea  wbicb  prodnce  Ibe  Orgaaiiatjoa  of  PlniiUi,"  pp.  23 — II. 
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flow  witliont  any  apparent  nltcration,  tifter  section  of  the  neirw  <4 1 
part,  08  haa  been  obaeiTcd  by   Muller,  Wliailou  Jones,  anO  otlicrs; 
this  corresiwnds    with    the  well-known    fact,  that  tlie  Niitriti»D 
Secretory  processes  may  lake  pliure,  iifter  Nervnus  iigencj'  litut  ImmJ 
auspenclecL      But  it  seenia  indubitable  that  a.  sudden  and  viuleiit  '| 
to  the  Nervous  centres  may  exort  the  same  autagowstic  influt-uc*  i 
movcmeut  of  blood  in  the  Capillaries,  as  we  h»ve  seen  it  to  do  I 
Heart's  action  (§S38):  for  this  appears  alike  troiii  tlic  iiumvdii 
total  annihilation  of  all  vita]  activity  which  is  conB(^C|Uent  ii]xiii  i 
injury,  and  fram  direct  observation   in   such   an   experiiuenl 
following,  mode  by  Dr.  Wibon  Philip.     "  The  web  of  one  of  tk 
legs  of  a  frog  wa,-*  brought  before  the  niicToscopc ;  and  while  Dr.I 
observed  the  circulation,  which  was  rigorous,  the  bniin  wae 
the  blow   of  a  hammer.     The  veaaela   of  the   web   inshinlty  \oA  ■ 
power,  tlie  circulation  ceasing ;  aa  effect  which   cannot  ariittf.  as 
seen,  from  the  ceasing  of  the  action  of  the  heart.     [Dr.  P.  ber*  i 
experiments,  by  which  it  was  asoertained,  that  the  circulation 
capillary  vessels  of  the  frog  will  continue  for  several  uiiuuleA. : 
interruption   of  the   hejirt's  action.]      In  a  short  time  the  bliwil  i 
began  to  move,  but  with  leas  force.      This  experiment  was  re^iealMlt  1 
the  same  result.      If  the  hraij)  is  not  completely  crushed,  ulthoa^f 
animal  ia  killed,  the  blow,  instead  of  destroying  the  circulation,  tl 
ita  i-apidity."* 

S. — Movement  o/ihe  Blood  m  the  Teiru. 

277.  The  Veiioua  ayateni  takes  ita  origin  in  the  amall  tnmks  i 
formed  by  the  re-imion  of  the  Capillaries ;  and  it  returns  the  bio 
these  to  the  Heart.  The  structure  of  the  Veins  is  essentially  the) 
with  that  of  the  Arteries;  but  the  6brous  tissue  of  which  their  i 
eoat  is  maiie-up,  heai'a  more  resemblance  to  the  areolar  tissne 
skin,  than  it  does  to  the  true  elastic  titisue;  and  the  miiseular| 
cells  are  usually  much  fewer  in  number,  and  are  sometiniPS ' 
altogether. t  The  elnMicil-y  of  the  Veins  is  shown  by  the  jel  o/l 
which  at  first  sponts-out  in  ortlinaiy  venesection,  when,  by 
the  ligatuj-e,  a  di-stension  has  been  ocuasioned  in  the  tubes  below] 
slight  ccmtraetUili/  on  the  api>lieatioii  of  stimuli,  and  on  irrit&tinn  i 
Sympathetic  nervous  tibre."!,  has  lieen  observed ;  but  this  is  not  so  i 
as  in  the  arteries.  The  whole  capacity  of  the  Venous  system  is  i 
derably  greater  than  that  of  the  arterial;  the  former  in  usu.illy  est 
to  eontAtn  from  2  to  3  times  as  much  blood  as  the  latter,  in  the  or 
condition  of  the  circulation ;  and  when  we  consider  the  great  prop 
which  the  Veins  in  almost  every  part  of  the  body  bear  to  the 
we  shall  scarcely  regard  even  the  larger  of  these  ratios  as  exiL 
Of  course  the  rapidity  of  the  movement  of  the  blood  in  the  twn  i 
will  bear  an  inverse  ratio  to  their  respective  capacities ;  thus 

*  "  Bxperimeutal  loquir;  into  the  Lbwb  of  the  Vital  FanctloDS,"  Aih  «ditin 
+  The  following,  nt'OirJing  to  Prof.  Kcilliker  ["Miuinul  of  Hmnim  Histologj",  (, 
To),  ii.  p.  307.)  are  Veins  whidi  ure  anproviiiftd  nlth  mnflcnl&r  atmctore: — ^fl 
the  uterine  partiiin  of  the  placenta ;  the  veins  uf  the  cerebral  Bubalanp*  iinil  iiUJ 
tlio  HiniiBi-B  uf  tlie  ilnm.  nmlcr;  Brfwhrt's  veina  of  the  IwoM;  the  lenonn  ffll*! 
(Vrrpora  cATemuFa  in  the  msje  and  femfJe;  ajid  probabljf  the  Teaoui  cfllLt  uf  ibc  t 
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Ou  the  other  hand,  tlie  nxpimtart/  movement,  while  it  'lirprt))' 

accumulation  in  the  veins,  will  asmat  the  heart  in  jiropellitig  tha| 
iuto   the  nrtenes;   and   by  the   comtiiued  action  of  these  two 
is  pHHluci-d  uniuug  otlier  eti'ects,  the  ming  sjid  »iiiikJng  of  tbn 
synchrouooaly  with  expinitiou  and  inspiration,  which  are  nliservwl ' 
a  portion  of  the  crauiuin  is  reinoVL'd.     Seveiul   consideratifjiw,  ho 
agree  iii  pointing  to  the  ooncluaion,  that  no  great  efficacy  cad  be 
attributed  to  the  Respiratory  njovemenla.iis  escrting  any  ijrrirmi  it 
over  the  Venous  circulation.     The  Pulmonary  circuhition,  being  < 
within  the  chest,  cannot  be  affectoJ  by  variations  in  atmospheric  | 
the  entire  venous  circulation  of  the  fcstiis,  also,  is  independent  of  t 
agency.     Again,  it  has  been  shown  experimon tally  by  Dr.  Ar 
others,  that  no  suction-iiower  exerted  at  the  iarther  end  of  «  long  ' 
whose  walla  are  eo  deBcieut  in  firmnesa  as  are  these  of  the  Vcia^  | 
occasion  any  accelcmtion  in  a  cun-eut  of  fluid  transmitted  tt 
for  the  effect  of  the  suction  is  destroyed,  at  no  gi'eat  duttajice  fn 
point  at  which  it  is  applied,  by  the  flajiping-together  of  the  sides  i 
vessels. 

279.  One  of  the  most  poweri'ul  of  the  general  causes  which  it 
the  Tenoa'^  circulation,  is  doiibtleas  the  frequently-recurring 
the  mimclfs  upon  their  trunks.     In  every  instants  that  Muscular  J 
loent  takes  place,  a  portion  of  the  Veins  of  the  part  will  undergo 
pression ;  and  as  the  blood  is  pi-evojited,  by  the  valves  in  the  TeiDS,J 
being  driven-back  into  the  small  vessels,  it  is  nec^aaiily  fonwd-on  I 
the  heart.     As  each  set  of  muscles  is  relaxed,  the  veins  compr 
fill-oiit  again,  to  lie  aguin  compreseed  by  the  renewal  of  the  forcn. 
the  gCDcral  Muscular  movement  is  an  impoi't'Uit  agent  in  maint 
circidation,  at  a  point  above  that  at  which  it  would  he  kept  by  thot 
of  the  heart  and  arterial  system  aloue,  appears  from  several  conside 
The  pulsations  are  diminished  in  frwjuoncy  by  rest,  aceelentted  byj 
tion,  and  very  much  quickened  by  violent  effort  (§  254  <£).     In  ftU} 
of  exercise,  and  in  almost  every  sort  of  effort,  there  is  that  alter 
traction  and  relaxation  of  particular  giviiups  of  Muscles,   which  luu] 
just  mentionetl  as  affecting  the  flow  of  blood  through  the  veins ;  and! 
can   bo  little  doubt,  that  the  increased  rapidity  of  the  return  off 
through  them,  is  of  itself  suflicient  cause  for  the  accelerated  mav 
of  the  heart.     When  a  largo  number  of  muscles  are  put  in  action  | 
rejiose,  as  is  the  ctise  when  we  rise-up  from  a  recumbent  or  a  sittin 
ture,  the  blood  is  driven  to  the  heart  with  a  very  atiMng  impetus;  MmIi 
that  orgau  should  bo  diseased,  it  may  arrive  therein  aquaulity  larger  I 
can  be  disposed-of ;  so  tliat  sudden  death  may  be  the  result.      HcTice  I 
necessity  for  the  avoidance  of  all  sudden  and  violent  movement**,  on 
part  of  those  who  lalwur  under  either  a  functional  or  a  structiu^  diMMI'] 
of  the  centre  of  the  circulation. 

280.  The  Venous  circulation  is  much  more  liable  than  the  Arteriatit 
be  influenced  by  the  force  of  Gravity ;  and  this  influence  is  jiarticulaf|»l 
noticeable,  when  the  tonicity  of  the  vessels  is  deficient. — The  foUowii?! 
ex]>erinieiits  performed  by  Dr.  C.  J.  B.  Williams,*  to  elucidate  the  iiifi' 
ence  of  deficient  firmness  in  the  walls  of  the  vessels,  and  of  gravituIiM, 
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rircuiiition ;  the  chief  peculiarity  of  which  is.  tbat  venotta  blood  i 
from  tiiu  lirairt,  through  a  tulit  which  is  arterial  in  ita  atnietur(i,i 
nrlt^rlitl  blood  in  retiimeil  to  the  heart,  through  a  vessel  wIkhoI 
clifLraiter  is  tliat  of  n  veiii.     The  moveuient  of  the  blood  tliroiigh  i 
onaiflerulily  affected  liy  the  (iLysical  state  of  the  lungs  theraaelvw 
retmvleil  l>j  any  caiiaea,  which  can  occa^ou  pressure  ou  the  naseds  (■ 
ae  ovei'-tlisteiisioii  of  tlie  cells  with  fur,  obstruction  of  tht-ir  cavity  bye 
or  fluid  tlepositiona,  or  hy  foreign  -stibHtanccs  injecteil  into  them,  J[c)ii 
procceiliug  witi  the  greatest  energy  aud  w^^arity,  when  the  respir 
moreinejita  ai-o  freely  performed. — The  Portal  circulation,  again,  is  [ 
liar,  tu  being  a  kimJ  of  offset  froTu  the  general  or  systemic  circula 
ajid  also  in  being  destitute  of  valves^  and  it  may  be  surmised  withnfl 
probability,  that  the  purpose  of  tUeir  absence  is,  to  allow  of  an  uiiu 
free  passage  of  blood  from  one  part  of  that  sy8t«m  to  another,  duriD)[l 
very  varying  conditionn  to  which  it  is  eubjectfd  (§  151). — AiiotLcr 
importimt  modification  of  the  Uircidating  system,  is  that  wluch  |ii 
itself  within  the  Craniiinu     From  the  eircumstaucc  of  the  cTnniunil 
a  closoil  cavity,  which  must  be  always  filled  with  the  same  toltil  niB 
of  contents,  the  flow  of  blood  through  ita  vessels  is  8tt*ndtil  vritb 
[leculiaritiea.     The  preesiire  of  tlic  atmosphoi'e  ia  her«  exerted.  rutherJ 
keep  the  blcKMl  in  the  head,  than  to  force  it  out;  and  it  might  luxsx 
lie  inferred,  thai,  whilst  the  quantity  of  cerebra.1  matter  remtuust' 
the  amount  of  blood  in  the  cranial  ve^els  must  also  be  invaribblflu 
inference  appeared  to  derive  supjiort  from  the  otperimenta  of  Hr.  Kp1!3 
On  bleeding  animals  to  death,  he  found  tliat,  whilst  the  remainder  of  I 
body  waa  coui|iletely  oxsaugiiino,  the  nauiU  qnantity  of  blood  rpinain 
the  arteries  and  veins  of  the  cranium ;  but  that  if  an  opening  wna 
in  the  skull,  these  vessels  were  then  as  completely  emptied  as  tjie  rent 
ia  not  to  be  hence  Inferred,  however,  that  the  absolute  quantity  of  hlj 
within  the  cnuiiura  i^  not  subject  to  variation:  and  that  in  the  6Mi 
inflammation,  congestion,  or  other  morbid  atfectiona,  there  is  only  a  i 
turbance  of  the  usuai  balance  of  the  arterial  and  venous  circulation. 
fact  in  aU  probability  isi-ather,  that  thesoftnessof  the  Cerebral  tjamie,! 
its  varying  functional  activity,  render  it  pectdiaily  liable  to  undergo dM 
ationa  in  bulk :  and  that  the  amount  uf  the  '  cerebro-spinal  fluid' 
considerably  at  different  times;  so  that  the  qnantity  of  blooil  may  I 
even  in  the  healthy  condition,  be  continually  changing.     Movcf"f«,| 
disordered  states  of  the  circulation,  the  quantity  of  bloml  in  the  vc 
the  cranium  may  bo  for  a  time  diminished  by  a  sudden  extrav 
either  of  blood  or  Beruni,  into  the  cerebral  substance ;  and  the  ; 
interior  prfgsnirf  upon  the  walls  of  the  vessels  may  also  be  ccinside 
altered,  even  when  there  is  no  difference  in  the  qitanlUy  of  fluid  coab 
in  them.+ 

282.  The  Erecfilf  Tisav^  present  another  curious  modification  eft 
ordinary  vascular  apjiaratus.     The  chief  of  these  are  the  coqiont  cav* 
in  the  penis  of  the  male,  and  in  the  clitoris  of  the  female;  the  < 
of  similar  tissues  round  the  \'agina.  and  in  the  nymphie,  of  the  I 
and  the  nipple  in  both  seses.     lu  all  these  situations,  erection  iS^ 

'  "  EiUuburgli  Mftdioi-ChinirprFil  TninHU'tiona."  vol.  i. 
+  Tlic  reaiilLa  uf  the  mure  receut  eipfWinents  of  Dr.  G.  Bnrrowa  ("Mfdinil 
April  >^Tid  Mnj,  1B43)  fBEljcODfirm  tbti  views  Blated  abare. 
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283.  The  Nutritive  fluid,  in  its  circiJntion  thraiigli  tlie  eapilltirifs  of  ili 
Bysteiii,  mill  ergot's  great  alterutioiis  lioth  iii  ita  jiliysicnl  ooustitiition,  snd 
in  its  vital  ]iro|K>rties.  It  givea-up  to  tliu  tisHues  with  whicli  it  is  iiroiig! 
into  contact,  some  of  ita  most  impnrtant  elemeula ;  and,  at  the  same 
it  ia  mado  tlie  vehicle  of  the  i-emoval,  fitim  these  tisanes,  of  ingrodieu 
which  are  no  longer  in  the  state  i.if  conihinatinn  that  fits  them  for  lh«r 
officeB  ill  the  Animal  Econoiciy.  To  Hepanitfl.'  those  ingi-cdients  from  l' 
general  current  of  the  cireiiktion,  and  to  carry  them  out  of  the  9t; 
ia  the  great  object  of  the  Exci-etory  organs ;  the  imiKii-tance  of  wlii 
respective  functions  will  vai-y,  it  is  verj-  evident,  with  the  anionul 
of  the  ingredient  wliieh  they  huve  to  BOjiarate,  and  with  the  deleti-riow 
influence  which  it«  retention  would  exert  on  the  welfare  of  the  sysU'nial 
larga  Of  all  these  injurious  ingredients,  CiirLouio  Acid  is  without  douU 
the  one  most  aliundantly  introiiuced  into  the  nutritive  fluid  ;  and  it  is 
also  most  deleterioa*  in  its  efl'cets  on  tho  system,  if  allowed  tc  nccumulate. 
— Wo  find,  aoeoidingly,  that  the  provision  for  the  removal  of  this  suli- 
Btttnoe  frwm  the  hlofi^l,  is  one  of  peculiar  extent  and  irajiortaiicc,  ftijiecialiy 
in  the  higher  forms  of  animals;  and  further,  that  instead  of  being  eflected 
by  an  operation  i>ecullurly  vita}  {lilte  other  acts  of  Excretion),  its  per- 
formance is  secured  by  being  made  to  depend  ujion  simple  p/it/^ical  caiidt 
tions,  and  is  thus  comparatively  little  susceptible  of  derangement  froi 
diaonlcr  of  other  iiroccsscH.  All  that  ia  requisite  for  it,  is  the  exposure 
the  Blood  to  the  influence  of  the  Atmospheric  air  (or,  iu  aquatic  iminiiiliij 
of  air  dissolved  in  water),  through  the  medium  of  a  inembranc  that  Bh»ll 
permit  the  '  dJffVision  of  gases ;'  an  iuterchiinge  then  taking  place  lietween 
the  grtscfuis  matters  on  the  two  sides, — Carbonic  acid  lieing  eitlialeii  from 
the  Blood,  and  being  replaced  by  Osygcn  from  the  air.  Thus  the  extrio- 
tion  of  Carbonic  acid  is  etfected  in  a  manner  that  renders  it  subservient  to 
the  introduction  of  that  element  which  is  required  for  all  the  moat  active 
manifestations  of  lital  power ;  and  it  is  in  these  two  processes  conjointly, 
not  in  cither  alone,  that  th<?  function  of  Respiration  essentiidly  consists. — 
We  shall  now  inrpiire  into  the  aoui-ces  from  wliicb  Carbonic  acid  is  pi 
duccd  in  the  living  body,  and  the  causes  of  the  demand  for  Oxygen. 
I  284.  The  vita]  actisity  of  the  organism  at  large  involves  a  conliu' 
change  in  its  constituent  parts ;  and  those  M-hich  (so  to  apeak)  live 
fastest,  usually  die  the  soonest,  and  pass  most  rcJidily  into  decay  (cxap. 
VIII.,  Sect,  1).  Hence  in  the  very  performance  of  the  Organic  frmctions 
which  concur  to  effect  the  Nutrition  of  the  body,  there  is  a  constant 
Bource  of  disintegration ;  and  one  of  the  chief  products  of  the  de«av  of 
the  tissues,  which  is  consequent  upon  their  loss  of  vitidity,  is  Carbonic 
»cid. — Thus  the  mwrt  gimeral  object  of  the  Ri-spiratory  process,  wMob  t 
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tegrating  tiflsuea,  tLe  motaniorphosia  of  wliich  tabes  place  at  a  very  i 
rate;  but  where  tliLs  is  not  sufficient,  their  power  of  maintAiningJ 
temperature  liepentb  upoa  the  o!i>fc(  combiD&tion  of  certain  ulvu 
the  ibud  with  the  oxygen  of  the  air,  liy  the  (■onibuative  pr 
quiintity  of  carlwnic  acid  that  is  geuerfited  directly  from  the  elcta 
the  food,  seems  to  vary  considerably  in  diffeji?nt  nciiuals,  and  in  diJl 
States  of  the  same  individiiaL     In  the  Carnivui'oiis  tribes,  wliii-li  fji 
the  greater  jtart  of  their  time  in  a  state  of  activity,  it  is  pn>l«ililc 
the  quantity  wliich  is  generated  tiy  the  wadt«  or  metAmorphnsis  (if 
ttasues  is  sufficieut  for  the  maintenaneo  of  the   required   t^iiijvrat 
and   that  little  or  none  of  the  carbonic  acid  set-free  in  respiration,! 
derived  from  the  direct  combuftion  of  the  materials  of  the  frnni- 
in  Herbivorous  auiuals  of  comparatively  inert  habits,  the  uiuuuot  I 
mctamorjihoais  of  the  tissues  is  far  from  being  sufficient ;  and  h  1 
part  of  the  j'ooil,  consisting  as  it  doea  of  rjuhstances  that  cannot  be  app 
to  the  nutrition  of  the  tissues,  ia  made  to  enter  into  direct  combii 
with  the  oxygen  of  the  air,  and  thus  to  compensate  for  the  deiide 
In  Man  and  other  animala,  which  can  sustiun  considerable  variatic 
climate,  and  caa  ailapt  thenisolves  to  a  great  diversity  of  habiti^ 
quantity   of    carbonic   acid   formed   by   the   direct  comliiuatiou   of 
elements  of  the  food  with  the  oxygen  of  the  air,  will  difl'er  extr 
under  different  oircumBtances  (§  53),      It  will  serve  aa  the  comp 
that  wliich  ia  formeil  in  other  ways;  so  tliat  it  will  diminish 
increase,  and  will  increase  with  the  diminution,  of  muscmlar  actii 
will  also  vary  in  an  inverse  ratio  to  the  external  teinperaMin«^  inc 
with  its  diminution  (as  more  heat  must  then  bo  generated),  and  il 
ing  with  its  increase;  the  effect  of  external  heat  being  thus  pr 
opposite,  in  the  warm-blooded   animal,  to   that  which   it  exerW  on 
cold-blooded  (§  28+). — In  all  caaea.  ii'  a  sufficient  supply  of  food  be 
fiirnii^hed,  the  atore  of  fat  is  drawn-upon ;  and  if  this  bo  exhausbid,  I 
animal  dies  of  cold  (§  70), 

287,  To  recapittdate,  then,  the  sources  of  Carbonic  Acid  in  the  i 
body  are  threefold. — 1.  The  continual  decay  of  the  tissues  common  U>  I 
organized  bodies,  wliich  is  favoured  by  whatever  pramotes   their  ' 
activity,  and  is  retardeil  by  every  influence  that  ileprosses  it. — II.  Thei 
niorpliosis  peculiar  to  the  Nervous  and  Muscular  tissues,  which  is  the  i 
contbtion  of  the  pi*odiiction  of  their  jiower,  and  which  therefore  I 
direct  relation  to  the  degree  in  which  they  are  exerted. — in.  The  i 
conversion  of  the  carbon  and  hydrogen  of  the  food  into  carbonic  acid  i 
water,  which  is  peculiar  to  warm-blooded  animals  ;  and  which  I'sdnj 
quantity,  in  accordance  with  the  amount  of  heat  to  be  genci-atiii. 

388.  The  wonderful  nature  of  the  structural  arrangements  which  i 
made  for  the  aeration  of  the  Mood  in  Man  (as  in  ALunmalia  ^■^itrall] 
and  the  completeness  of  the  provisions  whereby  these  aiv  put  into  aiM 
operation,  will  be  best  understood,  if,  for  the  sake  of  contrast,  we  I 
bestow  a  brief  siu-vey  on  the  Pulmonaty  apjstratus  of  Reptile-a  ;  ■  i 
in  which  the  demand  for  reapiration  ia  reduced  to  a  companttivdj  1 
grade,  by  the  absence  of  any  necessity  for  the  maintonance  of  an  ID 
pendent  temperature,  by  the  general  torpor  of  their  habits  (whence  i 
a  very  small  amount  of '  waste'  in  their  nervo-miisciilar  apjianitus).  iwl  I 
the  very  slow  mte  at  which  their  oreanic  functions  are  performed  i 
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thorovic  cavity,  and  enpable,  by  ita  coDtnurticin,  of  largely  ineraaenngl 

aipaeity  of  that  cavity.    In  fact,  many  Reptiles  are  itjcapnble  of  (/r«ioii 
ia  air,  anj  cau  ouly/wee  it  iu  Ijy  a  process  resembling  degliililinn,* 

A Fia.  49. 


Portido  of  Um  Lupgnrnlinng  JWom,  lu  wpn  wilhlhe  power  uf  160  di*nipt*n ; 
niiinivy  vad,  Fflceivia^  Irloui)  fn>id  Ibp  large  trunk  c,  uiil  a  uiwIlcT  tTWtrl  df. 


<•■  >.pi4' 


iiSO.  The  sise  of  the  Limgif  in  I\I;m  and  the  Mammalia  is  far  sniiiUCTi 
proportion  to  their  bulk,  tliau  it  ia  in  most  R«ptika  ■   but  this  dimimttia 
18  more  th:in  compeusated  by  the  minute  subdivision  of  tlicir  cavitiB 
by  the  peculiaiity  of  the  distribution  of  their  blood-vessels,  aiid  by  I 
arr&ngetncnts  wh^i'eby  a  uontinuul  and  rapid  interchange,  both  of  I 
blood  and  of  the  air,  ia  providt'd-for. — The  following  are  the  points  of  D 
importance  iu  the  stnictiire  of  the  Human  Lung.t     The  walls  of  1 
brouchiul    tubes  conttiin    distinct  longitudinal    and  circular  laven 
fibrous  Htructure;  but  the  latter  iilone,  aeoordiug  to  Prof.  Kolliker,  < 
tain  muscular  fibre-celld.     Tbcae  tubes  divide  and  subdivide,    lite 
branches  of  a  tree,  still  retaining  their  orduiaiy  characters,  until  tkeyl 
no  more  than  ft'om  l-50th  to  l-30th  of  an  inch  in  diameter;  muI  jj 
these  the  longitudinal   and  annuJar   filires,   together   with   the 
epithelium,  come  to  an  abnipt  tcmunation.     Beyond    this  bou 

*  Pot  &n  ftocount  of  thv  jiriuc^pal   funai  of  RL>iipxrntory  sppamlUB  unuogUiat 
AuinuJ*,  nee  "  Fiimo.  up  Curtr.  Purs.,"  Chap.  vi. 

+  See  o»]ieci»lly  tlieMemuir  by  Mr  Itajuty  is  tlie  "  Med.-CKinirg.  Tmiif.,"  vul.  inilrl 
ftod  Pruf.  KollilLer's  "  Mikuiul  of  Uum&ii  Uiatolugy"  (Sydeuliiuu  Scvielrl,  nit.&] 
pp.  168-178. 
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quantity, — The  diameter  of  the  Human  air-celia  is  about  twenty  timca 
greater  than  that  of  the  capillaries  which  are  distributed  ui>on  their 
parietiss;  varying  (jiceorJiug  to  the  measurement  of  Weber)  from  tbo  i 
l-200th  to  tiie  l-7Clth  of  an  inch,*  It  has  been  calcalated  by  M.  Rochonx, 
that  an  many  as  17,790  air-cells  are  grouped  around  each  terminal 
bronchus;  and  that  their  total  number  amounts  to  no  less  than  GOO 
miUiQiis.  ThecapiliaryplexiiB(Fig.51)isBOilisposedbetweeiJ  the  twolayert 

which  form  the  walls  of  two  adjn- 
Piii-  51.  ceut  air-cells,  a.s  to  expose  out  uf 

its  surfaces  to  each ;  by  which 
provision  the  full  influence  of  the 
air  upon  it  is  secured.  Tbe  net- 
work of  vessels  is  so  close,  that 
the  diamet«r  of  the  mcahra  is 
scarcely  so  great  as  that  of  the  i 
oitpillaries  which  enclose  tbem;fl 
indeed  it  would  be  impossible  la  ■ 
I'liiicfiive  of  a  method,  by  which 
lil.iiid,  whilst  wtill  retained  within 
VL'ssela,  should  be  t<j)r«ad  over  a 
liu-ger  sujface  for  aeration.  And 
if  not  restricted  within  ve^jela,  it 
could  not  be  eeaseUisitlynnd  rapidly 
driven-on  by  the  prnptilaive  power 
of  the  heart,  which  iicts  no  lisw 
efficiently  upon  the  pulmonary  circidation  than  u])oa  the  systemic,  although 
the  force  exerted  is  much  inferior,  the  resisting  power  being  far  lesa,  in 
consequence  of  the  shortness  of  the  cirouit. 

291.   The  fibrous  coat  of  the   bronchial  tubes  possesses  a  considenhle 
amount  of  muscular  contractility,  which  {according  to  the  experimenia 
of  Dr.  C  J.   C.  WiUinniH+)  may   lie  excited  by  electrical,  cbeinicnJ,  or 
mechanicnl    stimuli,    applied    to  themselves;  but  tliis  is  not  so  readily 
excitable  through  their  iienvs,  although  the  experiments  of  VolkmamiJ 
and  LongetJ  have  dearly  shown  the  possibility  of  thus  calling  it  into 
action.     Tlus  contractility  resembles  that  of  the  iutestine-s  or  art^ri' 
more  than  that  of  the  voluntary  muscles  or  heart ;  the  contraction  aiii 
relaxation  Iwing  more  graduiU  than  that  of  the  latter,  though  less  tard) 
than   that  of  the  former.      It  is  chiefly  manifested  in  the  smaller 
chial  tubes,  those  of  less  than  a  line  in  diameter  having  been  seen  tA 
contract  gradually  under  the  stimulus  of  galvauism,  uutil  tlieir  cavi^ 
was  nearly  obliterated :  on  the  other  hiinil,  in  the  trachea  and  the  lai^er 
briinclii,  the  cartilaginous  rings  jirevent  any  decided  diminution  in  the 
calibre  of  the  tube.s,  and  the  muscuhLr  structure  is  much  le^  distinct. 
It  is  remarked  by  Dr.  Williams,  that  the  contractility  of  the  broni 

*  Tbp  liiniuDsinnfl  glien  hy  Mul«ich(itt  ("  De  Tesiculis  PulDinomn  Hulpighiaiili") 
varj  ma.-h  k-na  tbaa  lLc»e  ;  (lie  rauKC  uf  Jiaini'Wr  being  ^tiiUni  lij  him  at  hetween  1-1  SO 
Bail  l-l'iOdth  of  no  incti.      Tlic  Autbur's  uvu  obaQrvntiuDa.  hoircvar.  lead  him  to  Rfu4^ 
Weber*!  ctaUment  u  lerr  aear  the  truth ;  uid  tliK  of  Prof.  Kolliker  ia  ftliauat  ivceildjt 
th«  mme. 

t  "  Report  uf  the  Brili»!i  Asiin-iatiou  fur  ISlfl,"  f.  111. 

J  "  Wnjsner'H  Haiilworlerbucli."  bniiJ  ii.,  Art.  '  Kerrenpltjaiolope,"      MO. 

%  "  Anikl.  kX  Phj«iul.  dn  Sjnli'ine  Nerreni,"  fjini.  ii.  p.  2811, 
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that  when  thb  is  eiJurgud,  u  iiifiium  w<mld  be  proJuoed,  if  it  wt'ix'  noi 
occupied  by  a  corresjjcmdmg  eiJai-gemtiit  of  tlie  lung ;  and  to  efloct  tlii^ 
the  air  nixhes  down  the  trncliea,  auil  thmice  ]>a^es  into  the  tiutire  sui 
stance  of  the  lung,  which  it  fill^-out  in  every  dimension.  This  distcuBion 
is  much  mure  complete  than  any  that  could  be  oceaaioned  by  siiuplc 
inBiiJllation  fi'om  tiie  trachea ;  fur  long  before  the  internnl  pressure  could 
overcome  the  reaiBtancf  set-ii]>  by  the  elasticity  of  the  lungs,  and  still 
more  by  tbat  of  the  poi-jotes  of  the  ehest  (§  205),  to  the  full  dibiiation  of 
the  air-vcaicles,  llie  tissue  of  the  Iroig  itself  would  be  almost  certain  to 
give  way.  Tbia  batt  actually  happened  in  immeroua  inBtonces :  ivnd  it 
eoufititutes  a  very  forcible  objection  to  the  usic  of  any  apparatus  for 
artiticial  resjiirntiou,  whose  action  is  tluit  of  '  iiiisutilatiau.' 

'2'JZ.  TIic  ci:im|>lcte  dependence  of  tbe  expansion  of  the  Luugs  upon  tbt' 
enlargement  of  the  cavity  of  tbe  cheat,  is  well  shown  by  the  effect  of 
adiuissiou  of  air  into  the  pleural  cavity.     When  an  aperture  i»  made  on 
either  aide,  so  that  tbe  air  ruahes-in  at  each   insjilratory  moveiuent,  tli« 
expansion  of  the  lung  on  tbat  side  is  diminished,  or  entirely  prevented,  ^ 
in  proportion  to  the  «ize  of  the  aperture.     If  air  can  enter  ttirough  it  ■ 
moi-e  readily  than  through  the  trachea,  an  entire  collajao  of  the  lung  " 
takes  place;  and  by  luakiug  such  an   aperture   on   CAcb  side,  complete 
asphyxia  is  produced.      But  if  it  bo  too  small   to  admit  tbe  Teiy  ready 
jjosasigc  of  air,  the  vacuum  pi-odueed  by  the  inspiratory  movement  in  moi 
ea.'»ily  tilled  by  the  distension  of  the  lungs,  than  by  the  rush  of  air  int*] 
the  pleural  cavity ;  so  that  a  Kufficient  amount  of  change  takes  place  ft 
the  maintenance  of  life.      This  is  frequently  observed  in  the  case  of  pen»> 
trating  wounda  of  the  thorax,  in  tbe  surgical  treatment  of  which,  it  is 
great  iiiipi.iijance  to  close  the  ajjeiliure  as  completely  as  possible;  when 
this  lias  been  acconiplisbed,  the  air  that  hail  fouTid  its  way  iuto  the  cavity 
is  noon  absorbed,  and  the  lung  rcaimies  its  full  jday.     Where  one  lung  i« 
obstructed  by  tubt'rculur  deposit,  or  is  prevented  in  any  other  way  from 
rightly  discharging  its   ftinction,  an   ojiening  that  freely  admits  air  into 
the  pleural  cavity  of  tbe  other  aide,  is  necessarily  attended  with  an  im- 
medLitely-fh,tu,l  result;  and  in  thia  manner  it  not  nnfrequently  happeni' 
that  chronic  pulmonary  diseases  suddenly  terminate  in  Asphyxia,  t, 
muuication  being  opened  by  ulceitition  between  a  bronchial  tube  and 
cavity  of  the  thorax. 

294.  0/  ihe  Henpiralory  Movements. — The  dilatation  of  the  Pleural 
cavity  during  Inspiration,  is  chiefly  aoeoraptishod  by  the  contraction  oT 
the  Diaphragm,  which,  from  the  high  arch  that  it  previou-sly  formed, 
becomes  nearly  plane;  in  this  change  of  tigiire,  it  presses  on  the  abdo- 
minal viacera,  so  as  to  anise  them  to  [u'otrude,  which  they  are  enahled 
to  do  by  the  relaxation  of  the  abdominal  muscles.  In  orvlinary  Iranunil 
breatliing  (espi.-cially  in  children),  the  action  of  the  diaphragm  is  alon« 
nearly  sufficient  to  pi'oduce  the  neceBsary  exchange  of  air;  but,  when  k 
full  inspiration  is  reijuired,  the  cavity  of  the  chest  is  dilated  lut«ntlly  and 
an tero -posteriorly,  aa  well  an  inleriorly.  The  enlargement  of  the  chest 
in  liotb  these  directions  is  effected  by  the  elevation  of  the  ribs ;  for  whilst, 
in  the  nndUated  state  of  the  thorax,  tbe  ribs  form  an  angle  with  their 
cartilages,  which  becomes  less  luid  less  obtuse  aa  wo  pass  from  the  first 
rib  downwai-ds,  the  elevation  of  the  ribs  tends  to  bring  them  and  their 
cartilages  more  nearly  into  a  line,  and  thus  sciniralcs  them  luon.'  widely 
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the  Inngs  themeelvra  at  that  ilagree  of  distension,  malting 
SSOlbs.;  and  aa  the  subject  of  this  ohserviitiou  could  expire  iliirin 
oonsidei-alily  more  air  tlian  tht^  highest  amount  forocd  into  })U  i-Unrtp 
death,  tbere  can  be  littlu  doubt  (judj^ng  from  the  rapid  ititii>  in  mh 
the  elaatic  force  inci-ensea  wlitn  the  distonsion  is  appr^»(iehiiig  its  li| 
that  tlie  raoscuJar  power  required  to  overcome  this,  tow«nls  the  i 
a  very  deep  inRpiratiou,  could  not  have  been  less  than  1000  lbs. 
operation  of  the  elastic  retiistance  witli  the  expiititory  movemvfit,  ( 
antagonism  to  the  inajiiratory,  is  doubtless  the  principal  vaasv 
power  of  the  expiratory  uiuecles,  us  tested  by  the  heiglit  of  the  eolu 
mercury  supported  by  the  uir,  should  always  In;  greater  than  that  • 
iospiratory  muscles  (see  Dr.  Hutchinson,  Op.  eit  p.  lUfil);  and  wh 
expu'atory  power  should  be  very  raucli  greatiT  when  the  chest ' 
well  tilled  with  air,  than  when  it  is  comparatively  empty.    Tb<ifoU 
is  given  by  Dr.  Hutchiuson  as  the  range  through  wliieli  thtsu  powmtl 
vary  within  the  iimite  of  beattb  : — 

1-5  inch.  Weak 2-0  iualiai. 

2-1)  „  Unlinnij 2'6  „ 

2B  „  SHong 8-S  „ 

8-5  „  Very  strong 4  'G  ,, 

4-6  ,,  Renuirkslile G-8  „ 

6'S  ,,  Vorj- reinarkiible T"0  „ 

0-0  „  EitrnordinBTj 8-6  „ 

7"0  ,,  Vurj  Mtraordinttry  , 10"0  ,, 

The  expiratory  power  may  be  angment^d  by  the  habitnat  pcrformonwt 
movements  in  which  they  [Mirticipate ;  and  thiiB  the  inspiratory  powwi 
the  preferable  test  of  the  vis  viUe.  This  has  been  found  by  Dr.  Hut 
son  to  bear  some  relation  to  height,  being  greatest  (on  an  average  rfJ 
considerable  naniber  of  cafles)  when  the  stature  ia  5  feet  7  or  8 
and  diiriinisliing  above  that  height,  as  weU  aa  below  it. 

290.  It  ia  imjjoaaible  to  form  a,  correct  estimate,  by  observatioM  I 
one'a-seH  of  the  usual  Number  and  e-ttent  of  the  resj>iratory  moveana 
since  the  direction  of  the  attention  to  them  is  certain  to  iiicreaae ' 
frequency  and  amount.  In  general  it  may  be  stated,  that  trom  16  to  '. 
altCTnations  usually  occur  in  a  minnte;*  of  these,  the  onlinary  ins 
tions  involve  but  little  movement  of  the  thorax ;  but  a  gi-eater  e\cr 
IB  made  at  about  every  fifth  i-ecurrenco.  The  average  numerical  pmpor- 
tion  of  the  respiratoty  movements  to  the  pul.sations  of  the  heait,  is  sljoiit 
1  ;5,  1  ;4iJ,  or  I  i-l;  and  when  this  proportion  is  widely  depirwd-Irora, 
there  is  reason  to  siis{)ect  some  obstruction  to  the  aeration  of  the  l)lo"4 
or  some  disorder  of  the  nei-voua  system.  Thus  in  Pneumonia,  in  whidi  i 
greater  or  leas  amoimt  of  the  lung  ia  unfit  for  its  office,  the  numburuf 
reapirntions  iiiereaaes  in  a  more  rapid  proportion  than  the  acceleration  i)f 
the  pulse ;  so  that  the  ratio  becomes  as  1  to  3,  or  even  1  to  2,  in  ncciii^ 
ance  with  the  degree  of  engot^ment.t     In  Hysterical  patients,  ho"- 

•  See  Dr.  Hntehinson'a  Table,  in  "Cyclop,  of  Amt.  nod  Plija,,"  vol.  iy,  p.  lOSf. 

t  Seu  a  Patier  by  Dr.  Houker,  ou  the  'UclutiDn  betivi^Fn  the  KespiratUT  "i^  CiKidnbl  1 
FnncticitiB,'  in  the  "  B"ut(iu  (N.  E.)  MuiIii^bI  aiul  Surgioi.]  .IuutdbI;"  sn  abitnct  of  olid 
will  be  foand  iu  tho  "  Britiab  aud  Forcigu  Medicii]  Beview,"  vol.  ir.  p.  263. 
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299.  Thediief  excitor'  of  tliL'  rpapiratorj  movements  ia ui 
the  Pueuniogiwtric  nerve.      Wlion  thia  ia  divided  on  both  aji 
to  the  e.xperiineuts  of  Dr.  J.  ReiU.*  tlie  number  of  reHjiiratory  movements 
is  considei-ftlily  diuiiiiiahod,  iisnallj  by  aln>nt  oiit'-hiill!      Now  if  tliis  nerve 
excitcin  the  motions  of  reepiratiou  by  its  pdwcri'ul   Hction    in   producing 
$cii-galii>n,  we  ahouhl  expect  to  lind   its   trunk   endowed   witli   conaider- 
ablo  sensibility,  which  ia  not  the  case;  for  all  experimenters  agroe  in 
stating,  tliat,  when  its  trunk  is  pinclied  or  pricked,  the  animal  dues  not^ 
exhibit  signs  of  [rain  nearly  so  ikciite,  na  wlicii  tlie  trunku  of  the  ordinu^H 
spinal  nerves,  or  of  the  fifth  ]Miir,  are  subjected  to  similar  treatment.     It^ 
cannot  be  questioned,  however,  that  itd  power  aa  au  excitor  of  respiratiuo 
IB  very  great;  flinoe,  besides  the  fact  of  the  diminution  in  the  number  of  ™ 
inspirfttions  which  occurs  inimedintely  on  section  of  it,  irritation  of  itsS 
trunk  in  the  neck  ia  instantly  followed  by  an  net  of  inspiration.     It  ii 
evident  thut  this  power  must  ari.ie  from  impreKSMiin  miule  upon  ita  peri- 
pheral extremities.      The  impreaaiou  ia  probably  due  to  the  prcsciif*  nf 
venous  blood  in  the  capillaries  of  the  lunga ;  or,  as  IJr.  M.  Hall  think*, 
to  the  presence  of  carbonic  acid  iu  the  air-cella.     Either  oi'  both  may  be 
true. — The  Pneumogastric  nerve,  however,  is  not  the  only  '  exeitor '  of 
the  resjiiratory  movemenfa;  sinee,  when  the  nerve  is  cut  on   each  side,  fl 
thcw  still  continue,  tliough  with  diminished  fretpiency.      The  removal  o(" 
the  Eneephnlon   lessens  the  frequency  of  the   respiratory  movement^ 
wliether  it    l>e    performed  before    or   atter    the    section    of  the  Vagi. 
Dr.  Ruid  found  that  in  a  kitti-n  of  a  day  old,  in  which  the  inspirstiou 
had  been   100   per   minute,  they  fell  to  40  when  the  Encephalou   w»« 
removed;  and  on  subsequently  cutting  the  Pneumogastrica,  the  number 
of  inspirations  instantly  fell  to  between  3  and  4  la  the  minute,  au<l  cun- 
tinued  so  foi-  some  time,     Henee  it  lias  been  supposed  that  the  i-espinitoty 
movements  are  partly  dei>endent  npon  sensation,  a  motor  infiuenoo  being 
excited  by  it;   but  it  may  be  fairly  surnused,  from  the  close  dependence 
of  nervous  activity  upon  the  oxj-genation  of  the  blood,  that  a  'besoiu  de 
rcspirer '  may  originate  in  the  circulation  of  imperfeotly-aemted  hlood  in 
the  nervous  centres  themBelvos,  and  may  become  the  direct  excitor  of 
respiratory  movements. 

300.  But  why  {it  may  he  asked)  do  the  movements  continim,  when  tlie 
Pneumoga.sti-ius  have  been  divided,  and  the  Encephalon  hiis  been  removed  I 
It  ia  evident  that  there  must  lie  other  excitors  to  the  action  of  the  raRH- 
ratory  muscles.     Amongst  these,  the  nerves  distributed  to  the  general 
sur&ce,  and  jiarticularly  to  the  face,  probably  perfonn  an  important  port; 
and  in  exciting  the  fir^t  inspiration,  the  Fifth  pair  aeems  the  principal 
a^ent.      It  has  long  been  a  well-known  fact,  that  the  first  inapiratorT 
effort  of  the  new-hom  infant  is  most  vigorously  perfonncd,  when  the  cool  m 
extemid  air  comes  into  contact  with  the  (acv;  and  that  impreasions  on  I 
the  general  surface,  snch  as  a  slap  of  the  hand  on  the  uat«t,  ai-e  often 
effectual  in  exciting  the  first  inspiratory  movements,  when  they  woidd  not 
otherwise  cximmcnce.     Dr.  M.  Uall  ri^latea  an  interesting  eaae,  in  which  M 
the  first  inspiration  was  delayed,  simply  because  the  face  was  protected  f 

•  "Edinb.  Med.  and  Surg.  Joarti.."  toI.  li. ;  mni  "PlijB.,  Anat.,  *nd  FaUihI.  Um.," 
p.  177. — Dr.  lUiid  baA  nntiaHictorily  kIiovii  tbu  RfAl^mt'flt  nf  iDdny  experiiEient^rs,  lh«t  A* 
U]i4piratJDii»  are  *nrrrtixfrl  iu  freqacDc^  aticT  thui  ujicnitkin,  U>  he  eiruuiyiiu;  thU  idM 
h&riiig  driginslcd  in  the  very  prolonged  and  laborionH  cliBrurler  d(  tlio  motementa. 
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dcnriii  whilst  tliu  Facial  nerve  and  the  SpioBJ  Accessory,  to  the  latUiri 
which,  as  will  be  abown  hereafter,  (chap.  xi.  Set-t  2),  the  motor  pon 
of  the  Poeumogaf'trtc  lu-e  chiefly  due,  take  their  origin  in  the  Medullkl 
Ohiongata  itsell'.  But  we  must  not  decide  upon  the  connection  ol'mar-J 
tiaularuen-e  with  a  particular  segment  of  the  Sfiiiml  Cord,  suu]ily  b*iciu») 
it  diverges  fi-om  it  ut  that  point;  and  the  analogy  of  the  Invertthrali 
classes  fiivoiirelhe  idea,  that  a  direct  structuiul  connection  euBbi  bcln 
the  ganglionic  centre  of  the  liespiralory  movements,  and  the  nervea  wba 
transmit  their  influence  to  the  muscles.  Ufipn  this  point,  howevw,  H I 
unsafe  to  speculate ;  and  we  can  only  stat-e  it  as  a  [Ki^hility,  that  mmrl 
such  connection  may  be  established  in  Vert«bnitol  animals  Uirough  ' 
white  coluninB  of  the  spiual  cord. 

303.  That  the  Respiratory  movements,  as  ordlnArily  performed, 
cHsentially  independent  of  the  "Will,  appears  not  only  from  our  own  coB-l 
sciousufss,  hut  also  fi-om  cases  of  (jaralysia ;  in  some  of  wliieli,  the  povtrl 
of  the  will  over  the  muscles  has  been  lost,  whilst  the  Tnovementa  \iaH\ 
been  kept-up  by  the  reflex  action  of  the  Medulla  Oblongata  or  respireWiy  J 
ganglion;  whilst  in  others,  some  of  the  reapiratoty  siuaclra  hove  bwil 
motionless  during  ordinary  breathing,  and  yet  have  remained  tmdcr  lli*| 
power  of  the  will,*^  That  ConsoiousnesB  is  not  a  necessary  Imlc  is  thi] 
chain  of  causes  which  pi-odtice  the  respiratory  movements,  we  are  enabUj 
to  judge  from  the  phenomena  pitaented  by  the  human  being  in  fllcfpi 
coma,  by  auenccphalous  futuaea,  and  by  decapitateil  animals.  This  eOM 
elusion  is  confirmed  by  a  case  recorded  by  Dr.  H.  Ley,+  who  had  oaktt 
his  care  a  jiatient  in  whom  the  pneumogastrics  appeared  to  be  disMadfl 
the  lungs  suffered  in  the  usual  way  in  oonsequene*.  and  the  patient  1 
evidently  laborious  breathing;  but  he  distinctly  said  that  he  t'elt  no] 
uneaainesa  in  liis  chest. — The  expeiience  of  every  one  informs  him,  how- 1 
ever,  that  the  Respiratory  movements  ai-e  partly  und<-r  the  control  oftiil] 
will,  though  fi-equently  imreatraiuable  hy  it.  In  ordinary  circumsl*net(i| 
wlien  the  blood  ia  being  perfectly  aerated,  and  thei-e  is  a  sufficient  aiaooBil 
of  arterial  blood  in  the  system  to  cany-on  the  functiona  of  life  for«  nbort  T 
time,  we  can  suspend  the  respiratory  actions  during  a  few  seconds  witltOBt  I 
any  inconvenience.  If,  however,we  endeavour  to  prolong  theauspennflnJ 
the  stimulus  conveyed  by  the  cxcitor  nervea  to  the  Med\illa  Ob]ong»l»l 
becomes  too  strong,  and  we  cannot  avoid  making  inapimtory  efforts; : 
if  the  suspension  be  still  further  prolonged,  the  whole  body  becon 
agitated  by  movemente  which  are  almost  of  a  convulsive  nature,  aadt 
effort  of  the  will  can  then  prevent  the  ingress  of  air.J  It  is  eufi 
understand  why,  in  the  higher  animals  at  least,  and  more  especially  io 

■  Sachfttsee  ura  moQlioned  bjSirC,  Bell,  in  the  Appendix  to  hii  work  0Dthe"Ka 
SjBtera  of  the  Human  Bodj." 

t  "  On  Larvntfinmui'  Sirididua,"  p.  417. 

J  II  ia  nwerlwl  lij-  M.  Buurdoii  ("  Rechercliefl  mr  le  SlfonuiBm*  Je  la  R««pinlMi,1 
p.  SI),  tlist  DO  |>«rMia  ever  ixirainilteil  suicide,  though  man;  hare  aCtemjili^  to  do  s\  bf 
limply  hihiding  the  tircatb  ;  tlie  coQtrol  of  ih^  vili  over  the  re«pintorj  lauBrln  aot  bAtt 
mfEpicntly  great  to  anljigoDiKe  the  atinmlDF  of  tha  ^^  beiwiii  de  reqiirer,'^  vheu  tliit  1 
becoine  ii£)piivHt<^I  by  tbt  U'miiorury  ceKsatioD  of  tbe  action.  Hut  Each  |«(Ban  ~ 
miccoMlod  bettfrr,  by  hiddinu  the  face  beneath  the  aurfa«e  of  mler;  becanu  hvnl 
tei  of  muMtuB  is  lailled  isto  ai.'lioD,  which  are  much  innre  under  tb«  onntrol  ut  titii 
than  are  thoiv  of  respiration ;  and  A  strong  volitir>D  applied  to  these  r-ao  preveivt  all  j 
of  uito  the  Inoga,  bonerei  violent  ma;  be  the  inepiiatarf  eSbrU. 
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aninml  remftiuB  at  rest;  but  an  unuBiml  rcs|>irabai'y  moTement,  surb  m 
takes  place  at  the  cornuiencement  of  a  struggle,  induces  imniedinte  "Ttup- 
toms  of  suffocation, — ^the  cuTrent  of  air  carrying  inwards  the  itiyti-iKiiil 
cartilages,  which  are  rendered  jjasaive  by  the  paralysed  state  of  lliejr 
musclefi ;  and  these,  falling  upon  the  opening  of  the  glottis,  liki^  vnlm, 
oljatmct  the  entrance  of  air  into  the  lungs.  The  more  effort  is  made, 
the  greater  will  be  the  obstmotion :  aud  accordingly,  it  ia  ge'iattUf 
nticessary  to  coiintemct  the  tendency  to  sufl'ocation.  when  il  is  drtiirei 
to  prolong  the  life  of  the  aniiiial  after  tliis  operation,  by  making  U 
o]>eiung  into  the  trachea.  Dr.  Boid  fui-ther  aseertaineil.  that  the  ajipli- 
catiou  of  a  stiraidus  to  the  inferior  laryngeal  nerves,  when  sepamltd 
from  the  truuk,  would  occasion  distinct  niuHcular  contractions  in  tir 
larynx;  whilst  a  corresponding  stimulus  applied  to  the  siiiJerior  Um- 
geal  occasioned  no  miiHCiilar  movement,  exoejit  in  the  erico-tliymiil 
mnacle.  But  when  the  sujierior  laryngeals  were  entire,  iiTitution  of  li» 
mucouM  surface  of  the  larynx,  or  of  the  trunks  themselves,  pmditcwj 
contractioii  of  the  glottis  and  efl'oi-ts  to  cnngh;  effects  which  wore  tl 
on»?e  prevented  by  dividing  tlioao  nerves,  and  thereby  cutting-iiff  ihiiir 
oommunication  with  the  ^feduUu  Oblongata,  There  can  be  no  Ao\ib\ 
then,  that  the  superior  and  inferior  laiyngeal  branches  coustilaU  tlii 
circle  of  ineiilent  and  motiir  nerves,  by  M'hich  the  aperture  of  the  gldttit 
is  governed,  and  by  which  any  irritation  of  the  hiryux  is  marie  lo  dow 
the  passage,  so  as  to  prevent  the  entrance  of  improper  substances;  trhllA 
the  sujwrior  laryngeal  nerve  also  excites  the  muscles  of  expinition,  10 
a&  to  cause  the  violent  ejection  of  a  blast  of  air,  by  which  the  ufleuding 
gas,  fliii<l,  or  solid,  inny  be  carried-off.  The  effect  of  carbonic  acid  tii 
cansing  spasmodic  closure  of  the  glottis,  is  well  known ;  and  alfnnh 
a  beautiful  example  of  the  protective  office  of  this  sj'stem  of  iierr* 
The  mucous  surface  of  the  trachea  and  bi'onchi  ai'peai-a,  from  die  expoi- 
nients  of  Valentin,  to  be  endowed  with  excitability,  so  that  stimi^ 
applicfl  to  it  produce  ex]iiratory  movements;  and  this  evidently  opemto 
through  the  biunchM  of  the  pneumogastric  distributed  ufion  tlie  mem- 
brane. Here,  as  elsewhere,  we  find  that  a  stimidus  apidied  to  tli* 
gwrface  has  a  mneh  more  decided  influence,  than  irritation  of  the  trmk 
of  the  nerve  supplying  it. 

30.').  The  actions  of  *i;//ii'»(/,  j/aiiminr),  aohtnnti,  laughing,  emiifKing,  tai 
tneesini/i  are  nothing  else  than  simple  modifications  of  the  orJiniUT 
movements  of  res] li  ration,  excited  either  by  mental  emotions,  or  by  sonit 
stimulus  originating  in  the  respiratory  organs  tliemselves. — .S'lV/iinrj  {i 
nothing  more  tJinn  a  very  long-di^awn  inspiration,  in  which  a  largtf 
quantity  of  air  than  usual  is  made  to  cuter  the  lungs.  This  is  can- 
tinually  taking  place  to  a  moderate  degree;  and  wo  notice  it  par(iculiirly 
when  the  attention  is  released,  after  having  been  fixed  n[>on  an  olijcrt 
which  liaa  excited  it  strongly,  and  which  liaa  prevented  our  feclini:  (br 
insufficiency  of  the  ordinary  movements  of  respiration.  Hence  this  action 
is  only  oconeionally  connected  with  mental  emotion. —  YaiiiTiii'j  is  a  Jlill 
deeper  inspiration,  which  is  accompanied  by  a  kind  of  spatiinodic  eonlraO- 
tion  of  the  muscles  of  the  jaw,  and  also  by  a  very  great  elevation  of  tbt 
ribs,  in  which  the  scapula)  partake.  The  purely  involuntary  chnractor  ilf 
this  movement  is  sometimes  seen,  in  a  remarkable  manner,  in  eases  i^ 
palsy;  in  which  the  [Kitient  cttiinot  raise  his  shoulder  by  an  effort  of  (bf 
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Iwfore  it  anything  that  may  offer  &a  olstrut'tion. — The  difference  bolipwn 

Coughing  ftud  ^neesint/  conaista  in  this, — that  in  the  Utter,  tht  oommn-  j 

uioation  hetwei-n  the  larynx  and  the  mouth  is  partly  or  tatirely  elcwdl 

by  the  drawing-togetJier  of  the  dii.h-s  of  thd  velum  jialati  over  tbe  back  ttl 

the  toQguej  so  that  the  blast  of  &ir  is  diiected.  more  or  less  eompleldf,  [ 

through  the  nose,  in  such  a  way  as  to  earry-olf  any  source  of  irriUtiod 

that  may  bo  present  there. — It  ia  difficult  to  say  how  far  these  acl.ioD^  Ut  , 

independent  of  consciousness,  or  how  iar  they  may  require  the  sUmuluJ 

of  sensation  for  their  performance.  I 

307.  Various  alterations  are  produced  in  the  Lungs,  by  seotioQ  of  ikfj 

Pucumogastnc  uer\-esj  and  it  has  been  supjKwed  that  these  esert  (Drntl 

more  immediate  and  direct  influeuce  over  the  condition  of  those  orfu^f 

than  their  connection  with  the  respimtory  movements  will  bwt*  Mi 

accoimt-for.    The  inquiry  into  the  nature  and  succesaiou  of  these  i 

has  been  most  carefiiliy  prosecuted  by  Dr.  J,  Reid  (Op.  cil,);  aad  i 

results  liavo  a  very  iniportiint  bearing  on  several  physiological  nnd  i 

logical  questions  of  great  iuterest,  a  aummaiy  of  them  will  be  here  givObl 

— In   the   first   place,  it  has  been   fully  established   l-y  Dr,    Heid, 

section  of  the  Vagoa  on  'file  aide  only  does  not  necessarily,  or  evien  j 

rally,  induce  disease  of  tliat  lung;    and  hence  the  importAnt  irifaniw] 

may  be  drawn,  that  the  nerve  does  not  exercise  any  immeiliale  iulliieneti 

on  ita  functions.     When  both  Vagi  ai-e  di^'ido'l,  however,  the  uimll 

rarely  survives  long;  but  its  death  frequently  i-eaults  from  the  < 

of  the  digestive  fouctiona.    Nevertheless,  the  power  of  digestion  isi 

times  restored  sufficiently  to  re-invigorate  the  animals;  and  ihcir  lit 

may  then  be  prolonged  for  a  conddcrablG  time  (§  102).     In  fifteen  ooll 

of  aeveiiteea  animals  experimented-on  by  Dr.  Reid,  the  lungs  were  ftrandl 

more  or  less  imfit  for  the  healthy  performance  of  their  functions.    HiI 

most  common  morbid  changes  were  a  eongested  state  of  the  blood -vetMb^j 

and  an  effusion  of  fi"otlvy  serum  into  the  air-cells  and  hi'onchial-tubf*] 

In  eight  out  of  the  fifteen,  those  changes  wore  strongly  marked.    InaKH) 

portions  of  the  lungs,  the  (jiumtity  of  blood  was  so  great  as  to  i 

them  dense.     The  degree  of  eongustion  varied  in  different  parte  of  ttl] 

same  lung;  but  it  was  gcnenilly  greatest  at  the  most  depending  portioik] 

The  condensation  waa  generally  grcnter  than  could  he  Hccoimt«d-for  bj] 

the  mere  congestion  of  blood  in  the  vessels,  and  probably  arose  from  tba  j 

escAjie  of  the  solid  jmrts  of  the  blood  intc  the  tissue  of  the  limg.    In  i 

some  instances  the  condensation  waa  so  great,  that  considerable  poilioM 

of  the  lung  saiit  in  water,  and  did  not  crepitate;  but  they  did  not  pi^l 

sent  the  granulateil  ap|ieurauce  of  the  second  stage  of  ordinary  pnM-l 

raonia.      In   dve  cases  in  which  tbo  animal  had  sun'ived  a  cousidcnhIi| 

time,  portions  of  the  Iimgs  exhibited  the  second,  and  even  the 

stages  of  pneumonia,  with  purlform  efl\ision  into  the  small  bron 

tubes;  and  in  two,  gangrene  liad  supetTeuod. — One  of  the  most  ii 

tant  points  to  ascertain  in  an  investigation  of  this  kind,  is  the , 

departure  from  a  healthy  state;  to  decide  whether  the  effusion  of 

reddish  serum,  by  interfering  with  the  usual  ebange  in  the  lungs,  i 

the  congested  state  of  the  pulmonary  vessels,  and  the  laboored 

tion  ;  or  wliether  the  effusion  is  the  eject  of  a  previously-cong 

of  the  1)1  ood- vessels.      The  fnrnier  i.i*  the  opinion  of  many  physioh 

who  have  represented  the  ellusion  of  serum  as  a  process  of  morbid  i 
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aud  reactions,  when  ha  wislna  to  exftiuiuu  tlia  oiilcr  aiiJ  depoiiiJwirtJi 
its  nhenoinenii."  lu  audi  invt-Btigalions,  no  useful  infcnjoeefitn  W'lraws 
•fraiQ  one  or  two  ex.perinieuta  only ;  in  onler  to  avoid  all  sounxit  of  CnUagd 
a  iai'ge  number  must  lie  mivde ;  the  poiDts  in  whicli  oU  ngree,  niu»i  M 
separnteti  frbm  others  in  which  tliei'e  is  a  \'ariation  of  rosulte ;  and  it  muM 
be  then  inquired,  to  wbat  the  lattcv  is  due.*  J 

2.  Effects  of  Regpiration  on  t)te  Air.  I 

309.  The  totAl  amount  of  air  which  can  be  drawn  into  the  Lnngt  ra 
the  deepest  poaeihle  inspiratory  movement,  by  no  meanHaflbrdHk  mearaM 
of  the  quuuiity  which  they  nrclinurily  contain.  It  is  in  fact  COinp(wd,M 
was  first  jH>ict«d-out  by  Ml-.  Julius  Jefi'reySit  of  several  dili'erent  q»uui1j(kd 
which  may  be  distinguished  us  follows :—  J 

1.  Remltiiil  Air;  that  which  caanot  ho  diwplaced  bythemost  jiowerfii!] 
expiration,  which  always  remains  in  the  thorax  so  loug  as  tJiP  lunjm 
rettuQ  their  natural  structure,  and  over  which,  therefore,  we  have  nd 
couti'ol.  I 

2.  Sujiplemeiiifil  Air ;  that  portion  which  remains  in  the  chest  aftol 
the  ordinary  gentle  exjiirution,  hut  wliich  may  be  diaplacwl  at  wiiL        I 

Z.  Breailiivg  or  Tidal  Air;  that  volume  which  is  disphused  by  tM 
oonstuut  (joatlc  inspiration  and  oKptration.  I 

i.  CuiapienieiUal  Air;  the  quantity  whicli  can  be  inhulwl  by  tlill 
deepest  possible  inspiration,  over  and  above  tliat  which  ie  introduood  inJ 
ordinary  breathing.  I 

The  amount  which  can  be  expelled  by  the  most  forcible  expimtioQ  aftn 
the  fullest  iiiapiration,  and  which  k  conseinioiitly  the  sinn  of  thu  Suu 
3rd,  and  4th  of  these  quantities,  is  designated  by  Dr.  H\itchin»onI  Ml 
the  Vital  Capiieiti/,  being  that  volume  of  air  which  can  be  displaced  lyl 
living  vi/ivemeiUs.  This  '  vital  capacity'  is  less  dependent  than  nii^ltl 
have  been  supposed,  u]ion  the  ahsohite  diiafiiutiom  of  the  thoracic  cavjt]>,l 
being  yet  more  influenced  by  its  miihilil;/.  Thus  of  two  sets  of  men  ofl 
the  same  height,  one  mensnring  35  inches  round  the  chest,  and  the  otbarl 
38  inches,  the  average  vital  caiMicity  of  the  first  was  found  to  be  iH  I 
inches,  and  that  of  the  second  oidy  23G  inches;  for  notwith.itandiuf.'  the  I 
gi-eater  absolute  capacity  indicated  by  the  latter  cii'oumfereuce  of  ihe  I 
latter,  the  infei-ior  mobility  of  the  chest  caused  more  '  residual  air'  to  I 
remain  behind  after  the  deej^st  expinition.  By  taking  the  average  of  I 
nearly  5000  observations.  Dr.  Hutchinson  has  arrived  at  the  vetj  | 
remarkable  conclusion  (Op.  cit.,  p.  1072),  that  of  nil  the  elements  whawl 
variation  might  be  supposed  to  affect  the  '  vital  capacity,'  Hr.ight  aloiie  I 
seema  to  have  any  constant  relation  to  it;  and  that  this  relation  ii  I 
capable  of  being  expressed  in  a  simple  numerical  form.     The  following  I 

*  Od  the  important  aubject  of  tlio  KlechiLnifim  of  RespiratiDii,  ^e  loUowing  Mvmoii* 
ouy  be  couniclt^d  in  adiUtioD  to  tbottu  alrundj  referral  I- tu  : — Dr.  J.  R«id'a  Art,  *  Resjiiratii'B' 
in  "Cjtlcip.  'jf  Aiial.  aud  I'hjaio!,,"  vol.  iv. ;  Br.  Hiitchinmn  id  "Med.-Cliir.  Traj>«.,"nil, 
xjdi:  Dr.  Bibsoniii  '■  I'hil.  Trans,"  18*fi.  "'Mud.  Gui.,"  W.  xli.,  " Med.-Cliir.  Tnuu.,*  J 
rul,  iiii.,  ikud  "  TnuiH.  of  Prov.  Meil.  Assoc.."  ISSU;  Beaa  and  Maisnat  in  "  AnUf.  I 
-Q^u.,"  1642;  MtiDJulsBuba  ^'13tr  MechanismnH  der  Re-'^itirritiOQ  unj  CirrolHtiaii,"  Bitrfla,  i 
■184!  1  and  VierorOt,  Art,  ■  Eeapiraliou'  ill  "  Woguer's  Handwortorlinch  der  PhjBiolojp*,"  I 
'  land  ii,  I 

t  "  Stutios  of  the  Human  dient,"  1S43,  I 

J  "Cjolop.  of  Antit.  undPhjgiol,,"   voi.  iv,,  Art.  'Thor»i.'  ^J 
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sliould  be  very  corjiiileiit)  should  excite  suapieiou  of  disease;  but 
oliservotioQS  of  Dr,  C.  B.  Hall  (loc,  cjt.)  seem  to  show  that  the  range 
coufiiderably  wider,  especially  in  femules.     Thej  ftlso  indjcat«  that  even 
a  marked  delicieney  is  vital  capacity  must  not  be  regarded  as  indicati 
of  puliDOuiLry  disense;  for  it  may   be   depeudent  upon   disorder  of 
abdominal  viscera,  especially  ujjon  coiigefited  liver. 

311.  In  eatimuting,  however,  the  effects  of  the  Respiratory  functii 
upon  the  Air  whicli  pasKes  through  tha  lungp,  wo  are  not  so  much  eon- 
cemed  with  the  quantity  wliich  7iiai/  be  dmwii-m  and  forced-out,  a*  wi' 
that  actually  exchanged  lit  each  movement.  There  are  many  difficultin 
in  arriving  at  ouy  exikot  couclusion  upon  this  poiut;  imd  hence  it  bnpjx'ju 
tlmt  the  estimates  of  those  who  hiLve  inquired  into  it  are  singuliirly  dis- 
ci-epant.  Tlie  following  are  the  amounts  assigned  by  some  of  the  most 
recent  esperimeutera. 

Herlut* 20— 30  onLio  inoii™. 

ValuDtLnt U— 92  „ 

Viurordtt 10—12  „ 

CcaithupcS 18  „ 

Hutohi...,,  I -3^-  :  :  ^?zj?    :: 

If  we  take  30  cubic  inches  as  the  average  quantity  exchsJigod  at  oooli 
respiration,  we  ganuot  but  observe  how  small  a  proportion  it  bcHn  to 
the  entire  amount  which  the  lungs  usually  coiitiuu;  for  the  '  reaidml 
air,'  which  cannot  be  expelled,  is  estinrnted  by  Dr.  Hutchinson  at 
from  75  to  lUJ  cubic  inches,  and  the  '  supplemental  air,"  wliich  can  onij 
be  expelled  by  a  forced  expiration,  is  about  as  much  more ;  the  sum 
the  two  being  from  15U  to  200  cub.  in.,  or  from  7^  to  10  tim«  tW 
'  breathing  voliuue.'  Now  it  is  obvious  that  if  no  provision  existed,  for 
mingling  the  air  inspired  with  the  air  already  occupying  the  lungs,  the 
former  would  penetrate  no  further  tlian  the  larger  air-pas»ages;  and  m 
this  would  be  again  thrown-out  at  the  next  cxpirution,  the  bulk  of  the 
air  contained  in  the  lungs  would  remain  altogether  without  renewal, 
and  the  expired  air  would  not  be  found  to  have  undergone  any  chan^V 
That  a  change  is  effected,  however,  in  the  whole  vohime  of  the  air  WOT- 
tained  in  the  lungs,  with  every  inspiration,  is  indicated  by  tJie  diSeroiM 
between  the  in-spirud  iiud  expired  air;  and  thin  cbange  must  be  attri- 
buted to  the  '  mutual  diffusion'  of  gases,  these  tiuidiug  to  interpenetrate 
one  another,  when  either  of  different  densities  or  of  (lilferent  temjior*- 
tures,  acc<ndiug  to  the  law  discovered  by  Prof.  Graham  (§  314). 

312.  The  total  aiiiomil   of  Air  which   passes  through  the   Lungs  in 
twcnty.four  hours,  will   of  course  vary  with  the  extent  and  frequency 
the  rpspiratoiy  movomentu  ;  and  these  are  liable  to  be  affected  by  maa; 
circumstances,  but  particularly  by  the  relative  degi-ees  of  repose  and  of 
exertion.     Mon.wver,  as  any  such  computation  must  be  based  upon  the 
datum  of  the  ordinary  volume  of  breathing  or 'tidal'  air,  it  Is  obvious 
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•  "  Muckel'i  Arcliiv.,"  1BS8. 
t  "  Letrbuph  der  Pbysiologiu,"  buid  i.  p.  fiSB. 
J  "  Wttgnet'B  HnndwOrttrbuch."  buid  ii.  p.  835. 
S  "  PMlomiphical  MBBSiiDe,"  183S,  vol.  iIt.  p.  AOl. 
II    **  Cyclop,  of  Aruit.  And  I'byH,,"  Tol.  iv.  p,  lOtiT. 
^  See  Mr.  Jufireje'ii  "Statu-sof  Lbe  Haman  Cbest,"  in  which  Uui  unpiirtaijt  point  tnt 
received  due  coniideratiiiii. 
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^&e  estimates  of  differtiit  obstrvent  must  vary  with  the  amount  they 
Thus  Mr.  Uoathujje's  estbnate  oC  the  diunud  total  ia  460,800 
cnb.  in.,  or366\  cubic  feet;  that  of  Vieronlt,  li-otn  hia  observations  on  hia 
own  person  in  a  state  of  rest,  is  530,020  oub.  in.,  or  306^  cub.  fe«t,  but 
this,  when  correct^'il  {by  Hchiirliiig'H  exjierimeuts)  for  a  moderate  amount 
of  esertioii,  would  ho  rnised  to  024,087  cub.  in.,  or  3GI  cub.  feet ;  and 
Umt  of  Valentin  ia  us  high  aa  688,346  oub.  in.,  or  398^  cub.  feet— It 
18  of  great  pnietical  importance  to  determine  the  quantity  of  air  wliich 
on^ht  to  be  allowed  for  con.suinption  by  individuals  confined  in  prisona, 
workhouses,  schools,  ^c;  and  for  this,  experience  seems  to  bave  fixed 
SOO  cubic  feet  aa  the  iniwrnvnii  that  can  be  xafely  assigned,  except  where 
extnordiuary  provisions  are  in  operation  for  its  constant  renewal  by 
Tcntilation.  The  evil  consequences  of  an  insufficient  supply  of  air  will 
be  noticed  hereafter  (Sect,  3). 

313.  Thu  allcralwiis  in  thia  Air  which  are  eStscted  by  Respiration, 
tn^nly  consist  in  the  removal  of  a  portion  of  its  oxygen,  and  the  aubati- 
tution  of  a  qiutntity  k^i  carbonic  iiciW,  usually  nither  leijs  in  bulk  thttn  the 
oxygen  which  iins  di^ippeared.     The  projnrtion  of  tbe  air  thus  changed, 
appears   to  vary  according  to  the  frequency  of  the  res])irationa.      Thun 
Tinritrdt*  found  tliat,  if  he  only  respij'ed  nix  times  in  a  minute,  the 
quantity  of  Carbonic  acid   was  5'5  per  cent,  of  the  whtiie  air  exialed; 
with  lireive  resj'i rations,  it  was  4-3;  with  tweiily-fuur,  it  was  3'3;  with 
/ortif-eight,  it  was  3^);  and  with  «t7i«(j/-!«j:,  itwas  2-6  per  cent.    In  some 
of  the  esperimeuta  of  Messrs.  Allen  and  Fepya,  it  was  aa  much  as  8  per 
cent.    Probably  about  4-35  per  cent  may  be  taken  aa  the  average,  at  tbe 
oriliuajy  rate  of  ri'spiration, — It  appears,  however,  from  the  researcheB  of 
the  IftsUnamed  esperinienterB,  tliat,  if  the  air  be  already  oliarged  in  some 
degree  with  Carbonic  acid,  the  quantity  exhaled  ia  much  less;  for,  when 
300  cubic  inches  of  air  were  roapired  for  three  minutM,  only  28^  cubic 
inehee  (9^  )>er  cent)  of  enrl)Oiiie  acid  were  foimd  in  it;  although  ^e  pro- 
rioua  rate  of  its  production,  when  Iresh  air  was  taken-in  at  every  respira- 
tion, was  32  cubic  inches  in  a  minute.     Kitowing,  then,  the  necessity  of 
a  free  excretion  of  carbonic  acid,  we  are  led  by  this  fact  to  jMrceive  the 
high  importance  of  ventilation ;  for  it  is  not  sufficient  for  health,  that  a 
room  nhould  contain  the  quantity  of  air  rpqiiisite  for  the  support  of  ita 
inhabitants  during  a  given  time;  since  after  they  have  remained  in  it  but 
a  part  of  that  time,  the  ijuantity  of  carbonic  acid  wldch  its  atmosphere 
will  contain,  will  be  large  enough   to  interfere  greatly  with  the  due 
ocratjou  of  their  blood,  niul  will  thus  cause  opjjression  of  the  brain,  and 
the  other  morbid  aBectioiia  that  result  from  the  accumulation  of  carbonic 
acid  in  the  circulating  fluid— It  appears   from   the  experiments  of  Dr. 
Snow,  that  the  presence  of  Carbonic  acid  in  the  atmosphere  acts  more 
deleterioualy  upon  the  system,  in  proportion  ao  the  normal  quantity  of 
Oxygen  haa  bocD  reduced.     He  found  that  birds  and  mammalia,  intro- 
duced into  an  atmosphere  containing  only  fiom  tO^  to  16  per  cent,  of 
oxygen,  soon  died,  although  means  were  tiUten  to  remove  the  carbonic 
acid  set-free  by  their  r«sj.'i ration,  as  liist  as  it  was  formed;  whilst,  on  the 
otlior  hand,  an  increaae  in  the  jiroportion  of  cai'bouic  acid  to  12  or  even 
20  per   cent — the     per-centage    of   oxygen   being    kept    to   its  regular 


*  "Fhfnutogie  de»  AUunaits,"  pp.  103-119. 
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standarU  of  31   per  cent. — Jid  not  appear  to  enfeeble  the  vital , 
more  ispidly,  thnn  <iitl  tlie  ruJuction  of  the  oxygen  in  tlie  esjivt 
just   refurrec]-to.       Dr.   Snow    eoucliKlea,   from    his   esjierimoils  tm 
lower  animals,  that  5  or  'i  per  cent,  of  carbonic  ncij  cannot  i-xisl  b 
atmo9pbt-i'e  respired  hy  Mim,  without  dnnger  to  litu;  auil  tliut 
half  tliia  amount  will  soon  Ua  fatal,  when  it  ia  formed  at  the  ex 
the  osygen  of  the  air.* 

314.  The  reaction  which  thud  takes  place  between  the   Air 

Blood,  is  partly  esplicahle  upon  [ihysitaJ  principles.      It  haii  lus^i  i 

by  Prof  Griidiajn,  thut  when   two  giiaea,   of  different   specilic  girnf 

but  not  disposed  to  unite  chemically,  are  se]>ar»ted  by  a  jwnniB  : 

each  will  tend  to  difluae  itaeU" through    the  other;  the  aDiouiit 

that  will  traverse  the  septum  (or  its  '  dilliision  volume'),  being  to  I 

the  other,  inversely  as  the  sfjuare-routs  of  their  respective  a[-e<-ili< 

vitios.     According  to  this  law,  the  volume  of  Oxygen  that  is  btkr 

should  exceed  that   of  the  Ciirbouic  acid  which  pnaHes-out,  iii   thp 

portion  of  1 174  to  1000;  and   it  has   been  attempted  Viy  Videiitia  , 

Bnmnert  to  show,  that,  if  a  reiisoniible  allowance  be  ma<lc  for  i 

causes  of  disturbance,  this  is  the  aotual  proportion  between  tho  i 

absorbed  and  the  carbonic  acid  given-out,  as  indicated  by 

Such,  however,  cannot  T*  the  case,  since  the  <le))artures  are  tw  ' 

be  accounted-for  ou   this  hj-jiothesis;  aiid  it  is  easy   to  see   thai 

conditions   must  hare  an   imjiortaiit  influence  in  modifying-  llif 

For,  in  the  (irst  place,  the  membranous  septum  is  not  fieely  ■.-jcgiOMvlj 

gases  ou   both   sides ;  hut,  whilst    one  siir^icc   is  in    contjiot    witb 

atmusphere,  the  olliui'  ix  iii  coatact  with  a.  liquid   cuntAiiiiiig 

these  l>eing  either  in  solution,  or  in  a  stato  of  loose  cheniioal  w 

tiou.      With   regard  to   that  part   of  the  gases  of  the  blood,  wl 

simply  absorbed  mechanically,  it  seems  pi'obable  tliat  the  law  of  ! 

and  Dalton  holds  good ;  viz.,  that  the  volume  of  gas  absorbed  by  »i 

depends  entirely  upon  the  preaaure  under  which  the  gas  above  it  i 

aRer  tlie  absorption  has  been  completed;  and  that,  in  the  case  of  j 

gases,  this   proportion   is  determined   by  the  tension  of  each  inJ 

gaa.     The  quantity  of  carbonic  acid  passing  from  the  blond  td  i 

cells  would  therefore  depend,  on  the  one  hand,  njjon  the  excess 

gaa  condenstid  in  the  blood ;  and,  on  the  other,  upon  tire  tension  j 

carbonic  acid  gas  already  contained  in  the  atmosphoi'e  of  the 

Conversely,  the  bloud  when  it  enters  the  lungs  not  being  satur 

oxygen,  is  able  to  absorb  a  larger  quantity  under  the  pressure  whicfc  . 

there  experiences,  the  tension  of  the  oxygen  contained  in  the  BJr-4 

being  considerable, — In  so  &r  as  this  law  is  in  ojierution,  then, 

passage  of  each  gas  is  independent  of  that  of  tlie  other;  but  it  diva  to 

apply  to  the  gasus  that  are  in  any  kind  of  chemical  combination  *ilfc( 

the   constituents  of  the   blood ;  and   further,  it  seems  likely  tJiat  nnj 

physical  forces  of  the  kind  adveiletl-to  must  be  modilied  in  tlieir  action 

by  the  difference  of  permeability  which  animal  membrajies  pussew  lot 

different  gases. 

315.  The  recent  experiments  of  MM.  ReguauJt  and  R«iset{  appw 

*  "Kdiuli.  Med.  and  Snr^.  Joamal,"  ISlfl. 

+  VjJeDtin'a  "  LtiLrbuch  (Jer  rhj^BKikigia,"  lAtid  i.  pp.  SOT-680. 

J  "  AonsteB  de  Chimie  et  de  FhjEJque,"  181S. 
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to  have  fVimislied  tLe  solution  of  the  wide  differeuces  in  the  estiiuntca 
wUich  varioits  experimenters  huve  given,  as  to  the  reliitive  ftiiiount  of 
Oiygen  nbsorbed  and  of  Carbonie  acid  exhiiled  ;  hy  showing  that  it 
depends, — ^not,  as  Dulong  and  DeHjii-etK  suppoai^d,  upon  the  kind  of 
animai  (the  proportion  of  oxygen  absorbed  being  much  larger  in  Cami- 
Toruthsn  in  Herhivora),^ — ^but  upon  the  uaturo  of  the  aiimeiU  on  which 
the  uttitriol  m  fed  at  the  time  of  the  experiment.  Animals  fed  on  fleah 
absorb  much  more  oxygen  in  proportion,  than  those  fed  on  a  vegetable 
dietj  thus  in  a  dog  exclusively  noiii'iahed  on  flesh,  the  proportion  of 
osygen  absorbed,  to  100  piirta  of  cai'bonic  acid  exhaled,  was  1 31 '3,  or 
much  aftooe  tliat  which  the  law  of  mutual  diffusion  would  indicate; 
whilst  in  a  rabbit  fed  exchiaively  upon  vegetable  food,  the  propoilion  of 
oxygen  absorbed  was  only  10!)'34  to  HU.I  partA  of  carlwniu  acid  exhaled, 
or  Itmn  than  the  calculated  amount.  The  difFereuce  between  the  relative 
proportions  of  surplus  (Oxygen,  in  the  same  animal,  under  opposite  cir- 
oumstjinccs,  was  found  to  be  aa  much  as  62;  104.  It  is  not  difficult  to 
account  tor  these  diversities,  when  we  bear  in  niinil  the  different  coniiio- 
aittou  of  the  saccharine  oirbo-hydratea,  of  oleaginous  substances,  and  of 
liodies  of  the  albuininoiia  tyjie.  For  as,  in  suijar,  slurch,  A-c.,  the 
hydrogen  ia  already  (ii'ovided  with  its  equivalent  of  oxygen,  the  carbonic 
acid  gencnittxl  by  their  combustion  will  contain  the  whole  bulk  of  the 
oxygen  consumed;  and  hence  the  small  per-ceutago  of  oxygen  which 
disappears  in  the  respiration  of  herbivorous  animals,  must  be  appro- 
priated to  other  purposes  in  their  economy.  But  when  the  material 
oonaumed  injai,  the  oxygen  conttunod  in  the  carbonic  acid  that  is  gene- 
nt«d  will  be  only  71-32  per  cent,  of  the  wholn  amoimt  that  disappeai-s; 
Uie  remaning  28-08  per  cent,  being  appropriated  by  the  surplus  hydrogen 
(dwt>  namely,  for  wliich  the  substance  contained  no  equivalent  of  oxygen) 
to  form  water.  And  in  like  manner,  when  the  material  consumed  is  nius- 
niLtm'fittniuv.  only  S3 '30  per  cent,  of  the  oxygen  that  disappears  will  l>e 
found  in  the  carbonic  acid  genemtetl ;  the  remaining  16-4U  forming  water 
with  the  surjilus  hydrogen.*  The  disapiMjarance  of  oxygen,  even  in 
Hcrbivorou-s  animals,  is  thus  occounted-for  by  the  circumstance,  that 
part  of  the  mali'rialB  of  their  respiration  are  funii.sliecl  Ijy  the  disinte- 
gntiou  of  their  own  tissues;  with  regard  to  which,  therefore,  they  are 
on  the  footing  of  Carnivorous  aniranla.  And  this  view  ia  borne-out  by 
the  curi(ju.s  fact  aacertjiined  by  M1\I,  Rtgnault  and  Reiset,  and  confirmed 
by  other  experinieutera,  that  when  an  animal  ia  kept  fcLsticg,  the 
relation  between  the  Oxygen  absorbed  and  the  Carbonic  acid  exhaled  is 
nearly  the  «iame  as  when  the  animal  is  fed  ou  flesh;  the  reason  ap])a- 
rently  being,  that  in  the  former  cai=ie  the  animal'H  respimtion  is  kept-up 
at  the  expense  of  the  constituents  of  its  own  body,  which  correspond 
with  aiiiinal  food  in  their  eom|iosition. — There  can  bo  no  doubt,  then, 
thnt,  on  the  whole,  a  considerable  surplus  of  oxygen  is  absorbed  into  the 
system  :  and  whilst  a  part<  of  thia  ailditionnl  oxygen  is  made  to  combine 
with  Hydrogen  fumisilied  by  the  food  or  by  the  disintegration  of  the 
tisiues,  the  water  thus  generateil  forming  part  of  tliat  exhaled  from  the 
lun^,  another  part  will  bo  applied  to  the  oxidation  of  the  Sulphur  and 
Pho^horus,  which  are  takcn-in  as  such  in  tlio  food,  and  which,  after 

■  Sre  trot.  Letunkiin'*  "  Lebrbusb  der  FbjiiolugiKheu  Chemis,"  band  uL  p.  SI4, 
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forming  part  of  the  aolid  tiaaues.  are  excreted  in  tlie  conditioii  of  i 
phuric  aod  phosphoric  acids,  cliieSy  through  the  kidnej-s.     It  ilao 
pears,  from  the  recent  esperiments  of  Dr.  Benoe  Jones,*  that  the  i 
of  oxjgoa  is  exerted  in  the  t^tem  upon  Ammonia,  and  probably  i 
other  products  of  dcoomposltioD  of  Uie  nitrogenoim  tissues,  tn 
manner  aa  to  produce  Nitrous  or  Nitrio  acid,  which  makes  ita  ^f 
in  the  urine. 

310.  The  aliBolute  quantity  of  Carbonic  Acid  exhaled  from  the  ! 
is  liable  to  variation  from  so  many  Bourees,  that  no  Used  staiidHnl  cu>| 
assigued  for  it.     The  iiiowj  of  a  grpat  mimber  of  obserrtitioiis, 
made  in  different  modes,  aud  under  different  circumstances,  would) 
altout  160  grains  of  Carbon  per  hour  as  the  amount  set-free  by  a  ' 
grown  adult  man,   under   ordinary  circumstances.     Tnlcing  tliia  m  ' 
average  of  the  twenty-tour  houra,  the  total  quantity  of  Cartwn  thu»  ■ 
expired  from  the  Limgs  would  bo  3840  grains,  or  S  oil  Tmy,     Tli«j 
causes  of  variation  avc.^the  Temperature  and  Hygromctric  state! 
surrounding  Jledium,  Age,  Sex,  Development  of  the  l)ody.  Nut 
Quantity  of  Food  and  stale  of  the  Digestive  Prt-cess,  Muscular  Exe 
or  Repose,  Sleep  or  Watchfulness,  Period  of  the  Day,  and  state  of  1 
or  Disease.      These  will  now  he  conaidered  in  detail : — 

I.  TeiivperiUure  of  surroundiiui  Mtdinm. — The  amount  of 
Acid  exhaled  liy  warm-blooded  animals,  ia  greatly  increased  hj  i 
Cold,  and  diTninitltcd  by  Seat;  as  is  shown  by  the  following 
oomjiarative    experiments    upon    the    quantity   act-free     by    the 
animals,  at  low,  medium,  and  high  temperatures,  in  periods  of  u 
(Letetliert):— 

Temp,  mboat  34". 

ACiumrjr 0*325 

ATurt]e-Di>Tt!   ....  0'a74 

Two  Mice O'SSl 

A  Quisua-Pig      ....  S'OOS 

From  this  table  it  appears  that  the  quantity  of  carbonic  acid  eit 
Mamroala  between  Sti°  and  100°,  is  leas  than  /in// that  seUfif*  ue«r1 
freezing-point;  whilst  that  which  ia  exhaled  between  59°  and  08'isl 
little  more  than  Iwo-thitde  of  the  same  amount.  The  diminutioa  i 
atoned  by  heat  ia  still  more  remarkable  in  Birds;  which  exhide  >tl 
highest  temperature  scarcely  more  than  mif-thirJ  of  that  set-free  at  i 
lowest. — The  olwervations  of  Vierordt  J  upon  himself  show  that  the  i 
is  true  of  the  Human  subject;  a  difference  of  10°  Fahr.,  according  I 
him,  producing  a  variation  of  rather  more  than  two  cubic  inclios  in  ' 
amount  of  Carbonic  Acid  hourly  expired. 

II.  That  the  St/groiitetric  utate  of  Hie  A  ir  influences  the  rate  of  t 
lation  of  Carbonic  Acid,  appears  from  some  experiment*  of  Leh 
made  with  this  express  view.      For  he  found  that  while   lOOO  | 
weight  of  Pigeons  yielded,  in  drt/  air,  6-055  grammes  of  carbonic  ; 
per  hour,  at  the  temjjerature  of  7-5^,  and  4-69  grammes  at  the 

•  "  Phaooophical  Tninsactiona,"  18S1 ;  and  "Medital  Times."  Aog.  30,  1851. 
■|-  ■■  AoDaleB  de  Cliiuiie  et  de  Fhjmlque,"  1845;  and,  H.  BoasGUigBDlt'B  "Mtmainl 
Cbimlo  Agricole  et  do  PlijBiulogio,"  13S4. 
t  "  PhjBiologie  dea  AUimena,"'  pp.  73 — S2. 
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Temp.  S»°— 

Gntmmtt. 

Oraamm 

0-250 

o-m 

0-SS4 

0-83« 

0'498 

0-2M 

2  080 

1-4SI 
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I  of  100°,  the  same  auiiiiaU,  in  ntoigt  air,  yielded  6-769  grammes  at 
ad  7'76  gi-ammes  at  lUU".  And  while  UlOO  grammBs'  weight  of 
Babbils  eihaJ^.  in  dri/  air,  0*431  gramnit-  per  hour,  at  ft  terapemture 
of  100",  tbey  eihiled  aa  much  88  0'677  gnunme  in  a  inoiat  atmosphere 
St  the  same  temperature," 

UL  Ai/e. — The  njuoiint  of  Carbonia  Acid  exhaJed  increases  in  botli 
sexes  up  to  about  the  thirtieth  year;  it  remaioa  stationary  until  about 
the  fbny-fifthj  and  it  then  diminishes.  The  following  are  the  comparative 
Rsulta  of  experiments  upon  maJea  of  different  ages,  and  of  a  moderate 
degree  of  moscular  development  (Andral  and  Gavarrett) ; — 


Aip. 


prr  himr. 


As'. 

C^rbirn  trialtj 

p#f*SM". 

37  yean 

.     164  T  giaiiu. 

4S     „    . 

.     lfil-7      „ 

69      „    . 

.     lB*-0      „ 

«8      „    . 

.     HT'8      „ 

7fi     ,,    . 

92-*      „ 

8  jeara  .  .       77*0  grainii. 

12    ..  .  .  1130      „ 

1*     „  .  .  126-3      „ 

SO     ,,  .  .  lfifi-3      „ 

aa  „      .    .    iflB-4    „ 

IT.  Sex. — At  all  ages  beyond  eight  years,  tho  exhalation  ia  greater  in 
Males  than  in  Females.  Kearly  tlie  Mme  proportionate  increase  takes 
ptooe,  however,  in  Females,  up  to  the  time  of  puberty;  when  the  quftntity 
abrnptly  ceases  to  increase,  and  remains  stationary  bo  long  as  they  con- 
tinue to  menstruate.  When,  however,  nienstnuition  Iios  ceased,  the 
exhalation  of  carbonic  acid  begins  again  to  augment;  und  then  again 
diniiiuehea,  with  the  advance  of  years,  na  iu  men.  Should  menstruation 
temporarily  cease  at  any  time,  the  exhalation  of  carbonic  acid  imme- 
diately undergoes  an  inirease,  precisely  aa  at  the  hnal  cessation  of  the 
fbnclion.  And  during  pregnancy,  the  exhalation  increases  iu  like 
manner.  The  following  table  of  the  com|Mirative  respiration  of  Females 
at  different  ages  -will  serve  at  the  same  time  for  comparison  with  the 
preceding,  so  as  to  exhibit  the  general  difference  between  the  two  sexos, 
at  BgBS  nearly  corresfiouding ;  and  also  to  indicate  the  peculiar  modi- 
fications induced  by  the  operations  of  the  genital  syatem  (Andral  and 
Gavarret) : — 

J  Carbon  tjkajtd  ,  Cofho%  taitttttd 

■*'•■  ftr  tiwr.  ***•  frr  *Bmr. 

10  JUU1    .     .     .     92-i  graiiu. 
la     „       ...     »7*0     „ 

Dnring  Umstrtul  life.  Daring  PrDgIuUII^y. 

1G4  T«an  .     .     .     ST'Ognuiu.  92  yeus    .     .     139-3  gnias. 

M       .,      .     .     -     97-0     „  32    „       .     .     128*7      ., 

!2      „      .     .     .     B5-*     „  *2    „       .     .     120'3      „ 
4S      „      .     .     -     851     „ 

After  CeBsation  of  Catunenia. 
33  jean     .      .     .      120-3  graini.  6a  jeora     .      .      101 '7  gnunii. 

4»     „        ...      113-0      „  78     „        .      .      101-4       „ 

52    „       ...     115-5     „  82    „       .     .       B2-4      „ 

«     llB-3      „ 

T,  Dtvdopmenl  of  llie  Budy, — The  more  robust  the  individual,  cicim* 
paribus,  the  more  carbonic  acid  is  exhaled ;  and  the  variation  ia  much 
more  influenced    by  the  development  of   the  muscular  system,    than 

■  Lehmiuin,  Op.  cit.,  bnnd  iii.,  p,  301. 
f  "  Auualee  lie  Chiiaie  et  lie  Fbyuqtie,"  1S43. 
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of  A  uiiliio  incUof  cftrlKiiiic  ni.'i(l,  iu  the  course  of  n 
wliii'li  ils  whole  Wly  wns  lit  a  eUiU-  uf  oonstnot  muvemra' 
iUiiui'iit  rrsultiuj;: frimi  its lajitiir.',  iiini  yet, duriiijj tie  wliule 
liuun  of  llii.-  siiccnMtiu);  il.ty.  whii'h  it  p««sc(l  in  &  state  nf 
net,  the  <|UAntit7  of  uirlHiuio  iicid  gcnitrat^  by  it  w: 

mjt  or  n'aieh/uln«»H. — The  lououot  of  carbonic  add  exhaled 
I'll,  is  finsi lie ni Illy  leee  Uirii  tli»t  sct-frce  iu  tbe  waking  stat«, 
rtioulorly  showu  by  thD<'X{wriiueuteof  S<:liM-liiig;t  wlioconliLlied 
Cts  of  llipm  in  an  air-tigbt  cliaTiilier,  it-ithin  whieli  they  coold 
3  their  ini«l»,  ice.  Tlins  in  one  case,  the  hourly  exhalation  tank 
t»  100,  iu  Huothcr  from  181-7  to  12:!  y,  and  in  another  from 
I,  The  cause  of  this  result  is  [lartly  to  be  sought  in  the  ceSNitioB 
:ll«r  exi^ou  (save  tbnt  cenouiied  Lu  tho  iniiint^nnnM  of  th« 
) .  nud  [^>artly  iu  the  dimiuutioa  in  the  dissipation  of  the  heat 
ly  ilsell'. 

"  '  iij'tka  Datf. — Ind>-i«ndMutly  of  th»c  varUtiona,  whiiJi  ham 

in  the  oonditiou  ol'tlie  individual,  there  is  reason  to  hdiuTii 

irunl  cvL'li-  of  cUunge  in  the  quHutity  of  carbonie  aeoA 

imiiiit  bi^iiig;  (cii'tem  jiaribm)  Iwfoiv  nud  nfler iloon, and 

beforo  mid   Jift*i'  midnight.      Fruui    the   exp^riuicnta   of 

opon  the   Huninn  liubjeft,  it  would  ajipeor  that  the  uvemgo 

exhaled  by  dnv  t<>  thut  cxlial^l  by  nijibt,  is  aa  1^  to  I ;  and  thia 

MB  not  seeui  to  I*  iill'ivti'd  by  sleep  or  wukefVilnMs.     How  &r 

■eouuntod-for  by  otliiM-  diffcroucee  in  the  t-viiiditiou  of  the 

does  not  seem  caey  to  deturniine.     But  it  is  pretty  obvioudy 

with  a  (iitl'orcnce  in  (iie  power  of  generuliog  heat;  for  accord- 

le  oli»orvj>ti<«n  of  Cliossat  (chap,  x.),  there  is  a  like  diurnal 

ID  the  t^-mi'cnitiire  "f  Uirds;  and  moot  persons  are  conwiousof 

ilty  ill  brariiig  rX|io«iie  to  oold  between  midnight 
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by  the  height  or  weight,  capacity  of  the  cheat,  &c.  Thus,  »  very  strong 
nian  of  twenty-aix  years  of  age  exhaled  at  the  nite  of  217*1  grains  jier 
hour,  while  a  man  of , moderate  muacular  power  set^&*e  tiut  169*4  grftios 
in  the  same  time.  Another  robiiat  nmn  of  sisty  years  of  age  exhaled  at 
the  rate  of  209-t  per  hour;  another  of  similar  constitution,  and  sixty- 
three  years  of  age,  at  the  rate  of  190'D  graiiw  per  hour;  and  an  old  man 
of  uiiiuty-two  yeare,  who  still  preserved  an  uncommon  degree  of  energy, 
and  who  in  his  younger  days  had  boasted  of  CKtraordinary  muscular 
powers,  exhaltfd  at  the  rate  of  135*0  grains  per  hour.  So,  also,  a 
remarkably  vigorous  young  woman  of  nineteen  years,  exhaled  at  the  rate 
of  107*8  gmins  per  hour;  another  of  twenty-two  years,  rather  less 
powerful,  at  the  rate  of  103*1  grains;  and  a  strong  woman  of  forty-fom* 
years  (who  had  ceased  to  meiiHtruate)  152*4  grains. — Ou  the  other 
hand,  a  slender  nian  of  forty-five  yeara,  in  the  enjoyment  of  good 
health,  only  exhaled  at  the  rate  of  133*4  grains  per  hour  (Andml  and 
Gavarret). 

VI.  Nature  and  Quaniily  o/llieFood,  and  State  o/lhr.  Digeative  Proctts. 
— It  is  weU  eatublished,  that  tlie  exhalation  of  carbonic  acid  is  greatly 
increased  by  eating,  and  that  it  is  diminished  by  fasting.  Thus  Pro£ 
Scharling  staites  the  hourly  exhalation  to  have  iucretkicd  iu  one  instance 
from  145  to  1110,  Eifter  breakfast  and  a  walk;  in  another  from  140  to 
177,  after  breakfast  alone;  and  in  another  fi*om  111*!)  to  188*9,  after 
dinner.  The  observations  of  Vierordt  ai*e  to  the  same  effect.  So,  again, 
it  has  been  found  by  Bidder  and  Schmidt,  that  wliilat  a.  Cat,  fed  on  an 
allowance  of  meat  which  was  found  to  be  adequate  to  maintain  its  fiill 
strength  and  ordinaiy  weight,  exhaled  65'00  grammes  of  carbonic  acid 
per  diem,  the  same  aujmal,  consuming  nearly  double  that  amount  of 
food,  exlialed  nearly  double  the  amount  of  carlwnic  acid.  Similar  results 
were  obtained  by  MM.  Regnault  and  Reisot,  who  fotmd  that  when 
anjmab  were  over-fed  with  the  saccharine  hydrocarbons,  the  proportion 
of  the  carbonic  acid  exhaled,  to  that  of  the  other  products  of  combustion, 
underwent  sueli  an  increase,  that  it  contained  95  or  even  9!i*7  per  cent. 
of  the  oxygen  which  had  disappeared. — On  the  other  hand,  the  use  of 
Alcoholic  drinks  tends  to  diininiah  the  exhalation  of  carbonic  acid ;  and 
this  not  merely  (as  maintained  by  some)  in  virtue  of  the  Urge  pro- 
portion of  surplus  hydi*ogen  contained  in  alcohol,  but  also  (as  there 
appears  strong  reason  to  believe)  by  obstructing  the  nonnal  oxidation 
and  elimination  of  other  combustible  materials  which  the  blood  may 
contain.  For  it  is  shown  by  the  experimeota  of  Dr.  Prout,*  which  have 
btMjn  confirmed  as  to  many  points  by  thase  ')f  Vierordt,  th^it  tliis  dimi- 
nution continues  so  long  as  the  alcohol  remains  uuconsumed  iu  the 
system,  and  is  then  followed  by  a  marked  increase  in  the  per-centage  o( 
carbonic  acid  in  the  inspired  air. 

VII.  Afiiaczi/ar  Exertion  or  R(po»e. — The  effect  of  bodily  exorcise,  in 
moderation,  ia  ta  pi*oduce  a  con.'dderable  increase  in  the  amount  of  car- 
bonic acid  exlialed,  both  during  its  continuance,  and  for  some  little  time 
subsequently  to  its  cessation.  According  to  the  observations  of  Vieronlt, 
the  inci*eaae  amounta  to  one-third  of  the  quantity  exhaled  during  rest; 
and  it  laste  for  more  than  an  hour  afterwards,  lieing  manifestctd  in  die 
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grtater  quantity  of  u,ir  respired,  aud  io  tlie  larger  per-oeiitnge  of  carlioiiic 
acid  contained  ia  it.  If  tlie  uiiircisi!  tw  pi'oioiigwl,  however,  so  ms  to 
ooeasioQ  faligue,  it  is  succeeded  by  a  tlimiaislied  c^xbnJittioa — The  con- 
neol^oa  between  muscuUr  yxertjiin  and  tLe  exlialiition  of  Rarlwuii;  ncid,  is 
most  romarkalily  shown  In  luswits ;  in  wljich  (uiiinals  we  muy  witness  the 
lupid  transition  bi'tWL'en  tlie  opjicaite  conditions  of  extreme  muscuJur 
exertion,  uiui  tranquil  repose;  and  in  w)iicli  the  eiil'Cts  of  theaii  npon  the 
respiratory  proccsa  are  not  inaskiHi  by  that  exiiahition  of  carbonic  acid, 
which  is  requir^  in  warm-blooded  animals  simply  for  the  mu-intenanco  of 
a  fixed  Uiinperatnre.  Thua  a  Huinble-Bee  was  Ibtind  by  Mr.  Newport*  to 
produi*  one-third  of  a  cubic  inch  of  carbonic  acid,  in  the  course  of  a  single 
hour,  during  wliieh  its  whole  boily  was  in  a  state  of  constant  movement, 
from  the  excit«ment  i-eaulting  fi'oni  its  capture ;  and  ypt,  during  the  whole 
twenty-four  hours  of  the  succeeding  day,  which  it  passed  in  a  state  of 
comparative  rest,  the  quantity  of  cai'bouic  acid  generated  by  it  was 
absolutely  ItMS. 

vio.  A*fec;j  or  Watchfiilnesg. — The  amount  of  carbonic  acid  exhaled 
duriog  sleep,  19  considerably  les8  than  that  set-free  in  the  waking  state 
TlufliA  particularly  shown  by  thoesj>eiinieutsofSchftrling;t  who  confined 
the  Bubjects  of  them  in  an  air-tight  chamber,  within  which  thoy  could 
■leep,  take  their  meaht,  •&<:.  Thus  in  one  case,  the  hourly  cxhnlatitmtiank 
from  ICO  to  100,  in  another  fi-oni  194'7  to  122'3,  and  in  another  from 
99  to  "■'i-1.  The  cause  of  this  result  is  partly  to  besotightin  the  cessation 
of  all  muscular  exertion  (save  that  coucemcil  in  the  maintenance  of  the 
respiiBtiou) ;  and  partly  in  tho  diminution  in  the  dissipation  of  the  heat 
of  the  body  itaelf. 

II.  Period  >]f  tlie  Day. — Independently  of  these  rnriationB,  which  have 
their  iiource  in  the  condition  of  the  individual,  there  is  reaaou  to  believe 
that  there  is  a  diurnal  cyiile  of  change  in  the  quantity  of  carbonic  acid 
exhaled,  the  nuiximuni  being  (csteris  jiaribus)  before  and  after  noon,  and 
the  miuiiiiuin  before  and  oftc'r  midnight.  From  the  expcimentH  of 
Scharling  upon  the  Hiuuan  Bubject,  it  would  appear  that  the  average 
proportion  exhaled  by  day  to  that  oxhujed  by  night,  is  as  I  j  to  1 ;  and  this 
differoDCfi  does  not  seom  to  be  afl'ectod  by  sleep  or  wakefulneaa.  How  tar 
it  L§  to  be  accounted-for  by  other  difiei-eucea  in  the  condition  of  the 
■ystom,  it  does  not  seem  easy  to  determine.  But  it  is  pretty  obviously 
■Mociatfd  with  a  difference  in  tho  power  of  generating  heat;  for  accoi-d- 
ing  to  the  observattojis  of  Chossat  (ciIAl'.  X.),  there  is  a  like  diurnal 
vanntion  in  the  temperature  of  Birds ;  and  most  persona  are  conscious  of 
a  greater  difficulty  in  bearing  exptraure  to  cold  between  midnight  and 
early  morning,  than  at  any  other  period  in  the  twenty-four  hours. 

X.  JUtalf  of  UeaitJi  or  Ditfite. — Upon  this  very  imjxirtant  cause  of  vari- 
ation, few  accurate  re.aearches  have  yet  been  made.  The  ptr-ceiititi/c  of 
cariKinic  acid  in  the  expii-ed  air  has  been  found  to  be  unusually  great  in 
the  Exanthemata,  and  in  chronic  Skin-tiiseaacs  (Macgnrgor J) ;  and  it  haa 
heen  stated  to  be  diminished  in  Typhua  (MalcolniJ). — Thus,  the  average 
proportion  in  health  being  about  43  per  cent.  (Vjerordt),  it  has  been 
seeu  at  tJ  per  cent,  in  confluent  Smoll-pox,  at  5  per  cent,  in  Measles,  and  at 

"  "  Phil™.  Ttnnsnrt  ."  ISM. 

+  "Ann.  deiChem.  unJ  Phurtu,,'*  1H4S  ;  tnuul.  ia  'Ann,  ilfl  Chim.  etdePbjs,,'18J3. 
;  "Bdiab.  Munth!;  JaDTDsI,"  1S13,         |  "  Bepirt  rf  Brit.  AanK.,"  ISiS,  p.  87. 
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7-'2  jxircunt.  in  a  severp  case  of  rdithyoaia  which  temiiiintol  fii tally ;  whS 

ID  Ty]ilius  tlio  per-centagc  kis  bcien  fi^uad  to  range  Irani  1-lS  to  S-'iO, 
But  tliesi!  stiitemeut»  do  uot  indicate  the  total  (jiiautily  i;sludi-<t  in  iwh  , 
Oftse, — The  remarkuble  iiici-aiso  ol"  tho  cshuliUiuii  iu  oisos  uf  CliUiiwii,  I 
lias  ln-un  alreuly  noticed  ;  in  foci'  caacB  recnrded  hy  Hanuovnr,  tlii^  hi'urtj  ] 
expiration  was  133-G,llS-6,  llC'9,and  lOG-3  grains;  tbeabsoliiUMiitHuCittl 
dimintahing  as  the  resiiinitions  incrcaspd  in  rapidity. — In  ahruuji'  dw 
of  the  wsjiiratory  organs,  as  might  he  anticipateil,  tlie  amount  of  l^arbonic  I 
acid  eshaied  undergoes  a  sensible  diminution  (Nysten*  ai«l  Ilunnowrt),! 
— Further  reseoivh&t  are  much  neerlod  on  this  mibjcot;  but,  for  ohviooj 
roosona,  tliey  cannot  be  reiidily  maile  tn  severe  ffinus  of  di*easi:>. 

31 7.  Tlie  aeration  of  the  blond  may  take  plnce,  not  only  by  niMMt 
the  Lungs,  but  also  in  some  drqrec  through  the  medium  of  th«  Uuti 
surtiice.     Jn  some  of  the  lower  tribes  of  aniniolji,  indeed,  ihia  b  n  wm 
important  part  of  their  respiratory  procs'ssL  and  even  in  certjun  Vnn#-I 
hrata,  the  cutaaeons  respiration  ia  capable  of  mpporting  life  fi>r  a  toa-i 
siderable  time.      This  is  especiidly  tho  case  in  the  BatTachin.  wh<iseakinill 
soft,  tliin,  and  moist ;  and  the  effect  is  hero  the  greater,  since,  frvini 
aiOJil!   proportion   of  the  hlood  that  boa  passed  through  the  lung».  ( 
which  circulaU-s  through  the  syatem  bvery  imjx.'rfectly  arterialiEf-il. 
the  experiments  of  Biseholfit  wus  ascertained  that,  even  after  the  " 
of  a  Frog  had  boeji  removed,   a   quarter  of  a  cubic  inch  of  cnri" 
acid  Vioa  exhaled  from  the  skin,  in  the  course  of  eight    hours, 
penmenta  on  the  Human  subject  leave  no  room  for  douht,  lliat  a  simih 
proooBft  is  effected  through  the  medium  of  his  genei-al  surfiice,  alt 
in  a  very  inferior  degivo ;  for  by  eontining  the  body  in  a.  cliwp  cL 
into  whieh  the  products  of  cutaneous  respiration  could  freely  paaa, ' 
the  pnlmonaiy  respinilion  was  measured  by  a  distinct  apparatus, ! 
SchariingJ  aacertained  that  the  proportion  of  cai'bonic  acid  given-off  I 
Skin  is  from  l-30th  to  1-COth  of  that  exhaled  from  the  LungsduiTii_ 
aama  period  of  time.     Moreover,  it  has  been  olisorved,  not  nnft^-iiuen 
that  the  livid  tint  of  tho  Bkiii  wldch  supervenes  in  Asphyxia,  owing  tgl 
nou-arterializfltiou  of  the  blood  in  the  lungs,  has  given  place  aft<j"  da 
to  tho  iTf.sh  hue  of  health,  owijig  to  the  reddening  of  the  blood  in 
cutimeous  capillariew  by  the  action  of  the  atmosphere  upon  them;  nndl 
doea  not  seem  improbable  that,  iu  cases  of  obstruction  t«  the  due 
of  the   limgs,   the  exhalation    of  carbonic  a«id  through   the  skin 
undei^  a  considerabli!  incrcaiie;  for  we  find  a  similar   disjio^itioo 
vicarious  action  in  other  parts  of  the  excreting  apparatus.     Mor 
there  is  evidence  that  the  interchange  of  gases  between  tho  (ur  and 
blood,  through  the  skin,  ha.s  an  imj)ortant  share  in  keeping-up  the 
jieratnre  of  the  body  (chap,  x.);  and  we  find  the  temj'cratiin'  of  1 
iurfitce  much  elevated  in  many  cases  of  pneumonia,  plitliisis,  <lcc.,  in  vh 
tho  huigs  seem  to  perform  their  function  very  insufficiently. 

318.  The  total  amount  of  Carbonic  acid  daily  given-off  from  the  1 
and  Lungs  may  be  e8timat<^d  in  another  mode;  namely,  by  delenaio 
the  total  amount  of  Carbon  contained  in  tho  ingeata,  and  the  anioo 

*  "  Benbenhes  ile  FbjBlulogie  tit  de  Chimie  Patholngiqne,"  ISII. 
t  "  D«  QuButiUitv  nlutiva  ct  sbflolula  Addi  CnrlKmici  ab  EomlnG  6ano  d 
othilati,"  1845. 
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excreted  in  other  wnya,  milking  jillownnec  for  the  ililiuruiiL-e  in  weight  (if 
uny)  of  the  iKMjy.  In  thi.t  inod-.i,  I'nrf.  Liiilng  cainu  to  the  cniieluaion,  that 
the  avcmgc  amfnint  of  oarhon  exhaled  liy  soldiers  in  btuTiioIcs,wiis  13-9  to. 
(Hessian)  or  very  nenrly  It  fiz.  tmy.*  From  Hiniihir  oolk'ctivp  nhaerva- 
tions  upon  the  iiiniiitea  of  the  UridcwoU  at  Marienschloaa  (ii  prLson  where 
labour  is  enforced),  he  calciilttl^is  that  each  iudividiiiil  itxhaJed  I'V.I  oz.  of 
CBrbon  daily  in  the  fomi  of  earlwuic  acid;  while  in  a  jiriaon  at  Giessen, 
whose  imoates  arc;  dqirivt'd  of  all  exorcise,  tlie  daily  uvi/raifi'  was  but 
8-5  oit  It  has  heon  shnwQ  hy  Prof  Suharling.J  that  the  totjil  itmount 
of  carbon  cniitiiiued  in  the  daily  allowance  of  ShmI  and  ili-ink  in  the 
DanLdi  Navy,  la  somewhat  leas  than  10-5  nz.;  and  as  we  shall  pi-eaently 
■ee  that  from  1-Kith  to  l-13th  of  the  carbon  in^eated  passes-off  through 
cAhcr  channula,  scarcely  ntore  tliaii  'jS  m.  of  this  amijunt  can  be  con- 
sumed by  tlie  re3j>iratnr'y  process. — A  veiy  exact  estimate,  though  liosed 
on  more  limited  data,  luw  lieen  recently  niiwle  by  M.  liijTiU;5  who 
experimented  upon  liiiikself  (ait  3[l)  in  winter  (a)  and  in  summer  (b), 
npun  a  boy  of  G  years  old  (c),  upon  a  nian  of  •'59  yeai-a  old  (i>),  and  iijioii 
an  nnmarried  woman  of  33  yeara  (e).  The  followiiig  table  givw  tln!  i-esults 
wliich  ho  obtaijieil,  from  an  avenge  of  live  days,  in  rej^'d  to  the  disposal 
of  the  Carbon  nf  the  food ;  tlioso  which  relate  to  its  Nitrogen,  Hydrogen, 
and  Oxygen  will  be  noticed  subsequently  (§§  320,  331). 


WtigU  ^  »»(,, 

104 -S  Iba. 

33      ., 
128-1   ., 
1S4Q   „ 

Citrbo' iif  Food . 

5051'!  grs. 
40i)0'()    „ 
23?3*3    ,, 
0123-0    „ 
4520-8   „ 

rii'&oii  frertttd. 

A 

B 
C 
D 
S 

In  Fvcr^r       In  Urine.         Bj  kxIihIaUdd 
230-2  gra.     234 -fiK™-      ElH.J-3gra. 
13T-4   „      2Il-.'i  „       3741-1   „ 
148-7  ,.         07-8  ,,       2104-r  ,, 
210-0  ,,      327-3   „      46tiO-T  „ 
64-8  „      216-1   ..      4239-8  ,. 

Thns  the  average  amount  of  the  carbon  daily  consunied  in  pulmonary  and 
cutaneous  exhalation  by  RL  Barral  him.self,  was  in  winter  51»3'3  grains, 
or  10-tt  oz.  tP)y ;  whilst  in  summer  it  was  but  SUI-I  grains,  or  7-6  oz, 
troy;  this  dlfforonce  b  qiiiti;  confonnable  to  what  might  have  lioen  anti- 
cipnti-d  from  the  resulte  of  a  different  mode  of  experimenting  (§  31fi  i)  j 
tuid  it  throws  some  light  on  the  disci-e[>aneie9  in  the  resnita  of  other 
meaeurementB,  to  find  that  the  seasonal  vai-iation  ia  scarcely  less  tlmn 
onavthinl  of  thd  mean  between  these  two  amounts.  The  other  resnlte 
oorrcepond  closely  with  the  sbitomejits  of  MS{.  AndnU  and  Gavarret,  in 
regard  to  the  liigher  proportion  of  carbonic  acid  exlialed  (as  compared 
with  the  bulk  of  the  body)  liy  ehildi-eu,  and  the  smaller  ju-oiiortion 
Uiro-wn-off  by  men  aflvanced  in  ye^ra,  aii't  by  women, 

31D.  It  is  not  only  by  an  oxygenated  atmoaptici-e,  that  the  removal  of 
Carbtmic  acid  from  the  Mood  may  be  ellbcted.     For  although  it  was  for- 

•  "Animal  Chemistry,"  3nl  edit.  p.  13. — TLc  ioi>ili-  in  which  tliia  fatimnlc  was  made, 
howcTcT,  vu  Tory  far  from  euiet ;  ar  it  reatbim  tbe  iiSHiimptiiiTi  th.it  the  ciLrlHiTi  ''pf  tlicftii^a 
and  luioo  wns  no  more  tli:iii  r?qaa]  ti>  Lhat  t^t  certain  fx'ra  ikrlii'.ki^  4if  ilii:Ij  siijiixihoi]  Uj  have 
bMa  eniBmnied,  lunl  thHt  all  the  otrliou  uf  thi>  rcKular  ullnwance  of  breotl,  ijieiit,  nod 
ngetabka,  nxutluiiepiuBed-iiS'b;  the  atnmapburo.  Itii  grcntiUaouriliiiieewitbotbtrrcault' 
lusvM  linle  room  for  ilituht,  thnt  l'T«d  if  nut  bn  fn:>m  beinj;  true  tat  UiB  puUcolar  caac,  xt 
nnnut  be  ailmittied  ivi  n-jirUMuiiting  tlie  nauiU  Dvemge. 

f  0|..  cit.  p.  46. 

X  '*Aim.  der  Cbcia,  anil  rjmriD,,"  ISi't. 
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merty  snppoaed  that  tlia  exiuleil  carbonic  acid  is  pencrateil  in  Uib  lanp 
by  the  combination  of  atmosplicric  oiygen  i*"itb  tlie  CArliouoceou*  rti«ll»n 
of  the  blood,  and  that  the  jahalatiim  of  oxygen  Li  therefore  imniftlintflj 
necessary  for  its  pi-odiictioii,  yet  it  is  now  qiiito  certain  tLiit  ibiocftrbonin  ' 
acid  exists  preformed  in  venous  blood,  and  tliat  the  oxyjjen  introdowii  u 
carried  into  the  arterial  cironlation,  instead  of  being  at  olice  returned  In  i 
the  air  in  the  stiite  of  carlwnic  acid  (§  179).      Heu<M)  nn  exlinlatioo  iif  1 
carbonic  acid  may  continue  for  a  conaidemble  jteriod  (in  coUbbioodid  | 
animals  especinlly),  whilst  tbe  aninuil  is  breathing  an  atmospb^-e  iu  whid  j 
no  oxygen  exista.     Thus  it  was  shown  by  t^jiallanLatni,*  thatSniuUmighM 
be  kept  for  a  long  time  in  Hydrogen,  without  a|ip.irf  at  inj'iry  I'J  thnm;  1 
and  that  during  this  period  tbcy  dLsongiiged  a  considerable  alin-'iuilrf) 
Carbonic  ueid.      Dr.  Edwardat  BiilB«?quently  ascertained  tliat,  when  Fnip  f 
were  kept  in  hydrogen  for  several  hours,  the  quantity  of  carbonic  arid  j 
exhaled  was  fully  as  groat  as  it  would  have  been  in  atmospheric  air,  «r 
even  greater;  tliis  liitti-r  fact,  if  connect,  may  be  accounted-for  liy  tlx 
superior  displacing  power,  wliich   (on  the  laws  of  the  diffusion  of  gBMs) 
hydrogen  jwssesaes  for  carbonic  aciiL      Collai'd  de  MartignyJ  repeated thi> 
experiment  in  Nitrogen,  with  the  same  rcBidts.      In  both  sets  of  inftfri-  I 
meuts,  tbe  precaution  was  iised  of  compressing  the  flanks  of  the  iitiiiiiiJ.  I 
previously  to  immersing  it  in  thegafl,Bons  to  expel  fi-omthe  lungs  whixicvur  I 
mixture  of  oxygen  they  might  contain.     ThcHc  experiments  hare  b(«a| 
since  repeated  by  Miiller  and  Bergomann,  who  took  the  additional  (itv-l 
caution  of  removing,  by  means  of  the  air-pump,  all  the  atni'mpheric  nirl 
that  the  luuga  of  the  frog  might  prei*iously  contain,  together  wilU  lluji 
carbonic  neid  thiit  mijilit  exist  in  tlie  aUiiientary  ouial.     They  found  In  I 
one  of  their  ex|)(;rinienta,  that  the  ([uanlity  of  carbonic  acid  exlialod  iul 
hydrogen  was  nearly  a  cubic  inch  in  fi^  hours;  and  in  another,  that! 
nearly  the  same  amount  waa  given-oifiu  nitrogen,  though  this  required' 
rather  a  longer  period.      It  appears  from  the  table  of  their  reaulLs,^  tluit  . 
the  amount  was  not  ordinarily  greater  in  the  experiments  which  wenr  pr 
longed  for  twelve  or  fourteen  hours,  than  in  those  which  were  lemunnti 
in  half  the  time;  hence  it  may  be  inferrwl,  that  the  quantity  which  tie' 
blood  is  itwlf  capable  of  disengaging  is  limited,  and  tliat  the  absoqition  o£  J 
oxygon  is  necessaiy  to  enable  cai-bouic  acid  to  be  continuously  sut-fi 
from  the  body. — It  is  impossible,  however,  for  an  adult  Bird  or  Mammnll 
to  sustain  life  for  any  considerable  time  in  an  atmosjihere  deprived  of] 
oxygen;  since  the  greatly-increased  rapidity  and  energy  of  all  their  viull 
operations,   necessitate  a  much  more  constant  snpply  of  this  vivifying 
agent,  than  is  needed  by  the  inferior  tribes ;  and,  as  we  shall  presently  sec,  \ 
the  capillary  action  requisite  for  the  passage  of  the  blood  through  the  i 
lungs  will  not  take  place  witiiout  it  (§  337).  But  Dr.  Edwards  has  shovn, 
that  ymiiig  Mammalia  can  sustain  life  in  an  atmosphere  of  hydrogen  or 
nitrogen,  for  a  sufficient  lengtli   of  time  to  exhale  a  sensible  amount  of 
carbonic  acid;  so  that  the  character  of  the  (iroeess  is  clearly  ]mn-ed  to 
be  the  same  in  warm-blooded  animals,  as  in  Hi'ptiles  and  Invertebnita. 
320.  Much  disCTiasion  has  taken  jiluce,  with  regard  to  the  degree  ia  1 

•  "  Mfmoire*  mr  In  RBBpiratinn,"  tmiiuitB  pur  Seiiebcir,  Geneve,  l&O*. 

+  "De  rinfloeucB  Jos  AgeiiB  I'liysiq^ime  BOr  Id  Vic;"   Pnris,  1821, 

t  '  K«c!iercL«i  Esptrimeutolfa,'  io.  in  Migendie's  "  Jouroft!  do  Phyriologie,"  Inm.  i.\ 

8  "  MflUeT'ii  "  Elementa  of  Plij«ioli.gj,"  tran«lst«l  hj  Bslj,  vol.  !.,  p.  S»8. 
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which  the  proportion  of  A'iirorjen  in  the  (ur  is  iiiFected  by  Respiration. 
It  seems  probable  thut  th*!  alisorjitioti  aiid  exbaJatioo  of  this  gas  are  con- 
tinually  taking  place;  but  time  the  two  umounts  usiiaily  nearly  balance 
ea*h  other.*  On  the  whole,  however,  thei-e  is  adtiquate  reason  to  believe 
that  Nitrogen  ia  iiriiinurily  given-off;  this  being  the  joint  result  of  tlie 
analysis  of  the  expiredair,  and  of  the  com|iarisonof  the  amount  of  nitrogen 
given-off  in  the  other  excretions  with  that  ingested  as  a  constituent  of 
the  foo*L  Of  the  experiments  made  in  the  former  of  these  ni('lhoiis,  the 
moet  accurate  are  those  of  MM.  RL-guault  an<l  Reiset,  whose  gcuertJ  con- 
cliisions  are  as  follows: — (1).  That  warm-blooded  animals  subjected  to 
their  oniinary  regimen  exhale  nitrogen,  l)Ut  never  in  larger  proportion 
than  1-oUth,  and  sometiniea  in  lew  than  1-lUUth,  of  the  oxygen  con- 
sumed : — {'I).  That  in  a  state  of  inanition,  animals  usually  absorb  nitro- 
gen : — (3).  That  animals  whose  usual  diet  has  been  changed,  usually 
absorb  oxygen  until  they  are  accustomed  to  their  new  food,  t— Of  the 
experiments  made  according  to  the  second  method,  those  of  M.  Bouasin- 
gaiilt  upon  tnrtle-doves,  and  those  of  M.  BaiTol  upon  the  human  subject, 
appear  to  be  trustworthy.  Tiie  former  states  that  the  surplus  of  nitro- 
gen in  the  food  of  th«  bird,  above  that  excreted  by  the  kidneys  and 
intestinal  canal,  is  2J  gi-ains  daily,  or  one-third  of  the  weight  of  the 
aiute  in  its  fjod  ;J  whilst  the  latter  gives  the  following  as  the  results  of 
his  observations  upon  liiuiaelf  and  the  other  individuals  already  referred- 
to  (j  318) :— 


VriaB. 

Fec«B. 

LuD^  ADd  Skin. 

A 

433'3  en. 

liJS'3  gn. 

43-2  ipTL 

320  B  gra. 

B 

32T8  „ 

151-3    „ 

20-1    „ 

1S5-9    „ 

C 

13l-l>  „ 

47-8    „ 

27-8   „ 

48-3    „ 

D 

421-5   „ 

234-8   „ 

88-6   „ 

148-3    „ 

R 

345-S    „ 

164-*    „ 

12-3  „ 

17B-1    „ 

In  cases  a,  b,  and  E,  the  amount  of  Nitrogen  which  (being  otherwise 
tiBiic«mnte<l-for)  must  be  considered  to  have  paaaed-ofF  by  the  lungs  and 
sldn,  was  about  1-T5th  of  the  oxygen  consuined;  a  proportion  which 
accords  very  w-cll  with  that  deduced  by  MM.  Regnaidt  and  Eeiset  from 
their  experiments  on  animals.  In  case  D,  however,  it  was  only  l-97th; 
and  in  cuac  c  (that  of  a  child  of  six  years  old),  it  was  as  little  as  l-I43rd. 
— It  will  l.>c  remembered  that  Nitrogen  exists  in  rm  uucomhined  state  iu 
the  blood  (§  179);  its  per-centage,  however,  ia  continually  varying;  and 
no  constant  dillerence  is  observable  between  the  pi-oportiona  yielded  by 
nrteriul  and  venous  blood  respectively, 

J  The  alterations  effected  in  tho  Mood  by  Respiration  have  already  been 
y  considered.      See  §§  179-1^2.] 

321.  Ezhidatiim,  arul  AOnorjittoit  throiigk  the  Lungs. — The  Air  expired 
from  the  lungs  differs  from  that  which  was  introduced  into  them,  not 
merely  in  the  altered  proportions  of  its  Oxygen,  Nitrogen,  and  Carbonic 
acid,  but  also  in  having  received  (under  ordinary  circumstances  at  least) 
a  lu^  addition  to  its  watery  vajwur.      This  it  doubtless  acquires  in 

*  For  Ibe  poniiidcnitioM  wMuh  raider  ltii»  prohablE,  see  eapecmlly  Dr.  W.  F.  Edwarda 
"On  ihe  liifluenw  of  Pliysii'al  Agenlfl  on  Life,"  Pnrl  W.,  cLnp.  iii  »eut.  2,  3. 

t  "Ann.  deCl.iiu.  eUlePhjs.,"  1B4U;  aud  ■•Mem.  de  Ciiiiu.  Agric,"  18S4,  p.  31, 
:  "Cuni{>leil{«iii!Q«."  lfA<i. 
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acconlance  wHli  physical  laws,  through  its  csposiiro  to  tlio  warm  lili»l 
which  is  spread-out  over  .1  very  exteuaive  fliirface,  thi.'  iiitiL'riiit-iliiit«»  nicni- 1 
hraite  being  extrumdy  pcnueablc;  fUid  the  variations  in  its  aiuoiiot  '•ill  I 
depend  upon  the  physical!   cimiitioiw  under  which  thiit  eKjxBiiiv  t*ki»j 
place.     Thu  iiirexjiired  in  ordinitry  reapinitiou  is  charged  with  as  intidi  > 
Tviitery  vapour  as  saturates  it  lit  tho  temiierature  of  thu  hody;  and  oou- 
seqneutly  the  umonJit  of  watery  vapnur  thus  exhaled,  will  vniy  ((ur 
equnl  voloiues  of  air  at  any  givt?n  teini-crature)  in  the  inverse  pruportiun 
to  that  which  the  air  prf^viously  contnJneiL      But  when  the  air  is  wty 
cold  and  very  dry,  luid  the  reK]iiratiou  is  iinuanally  rapid,   it  may  Ml  I 
remiun  ifufiiciently  long  in  the  air-cells,  ti^he  raiaud  to  thet«njier«tnreof  1 
the  hody,  or  to  im  fidly  satiiiiitt'd  with  moisture.     The  (uiionnHif  wntciy  . 
vajiow  exhaled,  moreover,  will  of  course  ilqit-nd  in  jsirt  Hjwn  the  rpiantity  . 
of  air  whith  jiassea  through  the  lungs.      And  from  th'-so  eaiincs  of  dilfc- 
renoc,it  happens  that  the  amoniit  of  watery  vapnireihaleil  in  twetity-foor  I 
honxs  may  vaiy  from  aliont  0  ob.  t«  37  oz. ;  its  usual  range,  however,  Wdj 
between  10  iind  30  oz.— Of  the  fluid  ordinarily  exlinled  with  tliu  brtsith, 
a  ]tfirt  doiditlcsw  proceeds  from  the  m'lint  lining  i>f  the  nostrils,  fiiucCT, 
A-c. ;  liut  it  id  indisjiutaMc  that  the  greater  jiroportiim  of  it  oimiicb  from 
the  lunga,  since,  when  the  resjjitatiou  is  entirely  perfomiod  through  * 
canula  introduced  into  the  trachea,  the  RJU'>unt  of  watery  vajiour  whidij 
the  brciith  onntiuna  is  still  very  eonaiderable.     Of  the  proiwr  ptdnioiiiij] 
exhalation,  thi-ro  tan  Iw  no  donht  that  the  greatiT  [wirt  is  the  Were  wr-l 
plus-water  of  tlie  hlond,  and  cs[ecially  of  the  cruile  Jluid  which  hns  tittsf 
newly  introductxl  into  the  circulating  current  liy  the  pmceea  of  niitriti»ol 
ftlisoi^itinn.    IJut  there  is  ati-ong  evidence  that HydrogenaswellasearW] 
undeigiH'fi  comhustion  in  the  system;  and  tliat  11  ixirtion  of  tlie  exhaW] 
aqueous  vapoui'  is  the  product  of  that  combustion.      For  of  the  hyt 
which  the  food  contnins,  not  more  than  from  1-Sth  to  1-lOth 
by  the  other  excretions,  tin;  remaining  7-8tlis  or  O-lOtha  being  1 
in  the  condition  of  wiiteiy  vapour  from  the  lungs.     A  jiortion  of  tli 
ojcygen  which  this  vajiour  contains,  is  sujiplied  by  tlie  food;  but  there  ia 
UHTnillyaconsidcrahle  surplus  of  hydrogen;  and  this  can  only  bccon^ 
into  water,  at  the  esijcnse  of  oxygen  derived  from  the  atmosjiherei   TJf 
this  point  the  experimentB  of  M.  Barral  (loo.  cit)  gave  the  folio 
results : — 


0*jj™  tiluiled. 

E^iv.  qfHsttrtigwti. 

Syjrofn  oAo'aI- 

Diftnu. 

A 

384 1-4  era. 

ISO'S  gIB. 

801-3  g™. 

321 -I  gn. 

D 

2757-9  „ 

344  7   „ 

587-fi   „ 

352-8  „ 

C 

188(1-8  ,, 

236  ■!   „ 

330-4  „ 

SS  3  „ 

D 

37Bfi-l   „ 

iUi  „ 

seas  „ 

187-fl  „ 

B 

SHO-B  „ 

S92-fi   „ 

S43-S  „ 

261  1  .. 

Thus  it  appears  that,  of  the  Hydrogen  exhaled  from  the  lungs  and  1 
of  M.  Barral,  in  the  condition  of  watery  vapour,  not  less  tliao  3211  gn.1 
in  winter,  and  353'8  grains  in  summer,  must  have  been  converlt'd  inWJ 
water  by  oxygon  derived  from  the  air;  and  this  calculation  would  fjiis! 
2SS9-!)  grs.  (C  oz.  troy)  for  the  winter,  and  227a-3  gra.  (47  oz.  troy)  lor] 
the  summer,  ait  the  amount  of  water  thus  generated  in  the  combustivs] 
process.  This,  h()wevcr,  can  only  be  regankil  as  an  aiipi-oxiiuation  to  tliiJ 
truth;  since  there  Jire  many  circnmstjiuces  not  taken  into  account  111 ' 
computation,  by  which  the  estimate  may  Ik-  affected. 
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33S.  TJkj  fluid  thrown-olf  from  tlie  luuga  ia  not  pure  Wiitur.  It  holds 
in  solution,  aa  luiglit  li»ve  benn  expected,  a  considerablL'  aiiiount  of  cai^. 
liotiic  acid,  aii<l  alai)  snuie  miiitial  matter;  the  exact  naturo  of  thu  latter, 
which  aceordiiig  Mi  Codiird  de  Martigoy  (op.  c'lt)  coiatitatea  about  3 
[vvrta  in  lliOO,  haa  not  been  n«certaiued;  but  from  the  inquiriea  of  Mr. 
R.  A,  Sioith,*  it  would  apj>ear  to  be  an  aJbuminoiia  aulatimce  in  a  state 
of  decomposition.  If  the  fluid  be  kept  in  a  closed  vessel,  and  be  exposed 
U)  an  elevated  temperature,  a  very  evident  putrid  odour  is  exhaled  by  it 
Every  one  knows  that  the  breath  itself  has,  occasionally  in  sonie  persons, 
and  constantly  in  others,  a  lix'tid  taint:  when  this  does  not  pi'ocued  from 
carious  teeth,  ulct-ratioiia  in  the  air-paaBiigea,  discitBe  in  the  lungs,  or 
other  siniilar  causes,  it  must  result  from  the  excretion  of  the  odorous 
matter,  in  coinbiuation  with  wate:7  vapour,  from  tlie  pulmonary  surface. 
Tliat  this  ia  the  true  account  of  it,  seems  evident  from  the  analogous 
phenomenon  of  tlie  esoretion  of  turpentine,  camphor,  alcohol,  and  other 
odoroiw  substances,  wliieli  have  beeJi  intixjdueed  into  the  venous  system, 
fither  by  natural  absorjition,  or  by  dii'iw^t  injection;  and  also  from  the 
suddeniieso  witli  which  it  often  munifeets  itself,  when  the  digestive 
MjipuRitiw  is  slightly  disordered,  apparently  in  consequence  of  the  entrance 
of  some  mal-ussimilated  matter  ijito  the  blooil.  Among  the  substuncca 
iiccoeionally  thn'wu-off  by  the  lungs,  rhoaphorus  deserves  a  special 
mmtion,  on  acconnt  of  the  (wculiarity  of  the  form  under  which  it  is 
eliminated  ;  for  it  baa  been  ^und  that  if  pho.s-]ihoruH  be  mixed  with  oil, 
and  be  injected  into  the  hlotHl'TCSSeLt,  it  partly  eseajies  in  an  unuxi- 
dizeil  state  from  the  limgH,  rendering  the  breath  luminouai'  And  tbis 
luminous  breath  has  also  been  observed  in  ajiirit-driukers;  in  whom  the 
oxidation  of  the  efi'ete  matters  of  the  system  is  impeded,  iu  consequence 
of  the  demand  sct>np  by  the  alcohol  ingested  for  the  oxygen  introduced 
(J  316  vin.) 

323.  Not  only  exhalation,  bat  also  (under  peculiar  circumstances) 
abmrrption  of  fluid  may  take  place  through  the  Lungs.  Thus  Dr.  Madden^ 
has  shown  that,  if  the  vapour  of  hot  water  be  inhaled  for  some  time 
tngcther,  the  total  lost)  by  exhalntion  is  ^o  much  \etf&  than  usual,  aa  Ui 
indicate  that  tbe  cutaueons  tnmspiratiou  is  partly  countevbalunoed  by 
pulmonary  al)soq)tiou ;  the  pulmonary  exhalation  being  at  the  name 
time  entirely  checked.  It  is  prolwble  that,  if  the  quantity  of  fluid  in 
the  blood  had  been  previously  diniiniHhwl  by  e-Ycesaive  sweating,  or  by 
other  copious  fluid  secretions,  the  ]iulmonary  ulisorjitiou  would  have 
been  much  greater.  Still  iu  the  cases  formerly  mentioned  (§  120),  iu 
wEiicb  a  large  increaao  in  weight  could  only  be  aecounted-for  on  the 
mppoeition  of  absorption  of  water  from  the  atmosphere,  it  seems  pro- 
biil)le  that  the  cutaneous  eurlace  was  cliiefly  concerned ;  for  it  can  oidy 
be  when  the  air  inti-oduced  into  the  lungs  ia  tnturatcd  with  watery 
vapour,  thftt  tbe  usual  oxbulatiun  will  be  chocked,  or  that  any  absorption 
«aii  take  pluce. 

324.  That  absorption  of  other  volatile  matters  diffused  through  the 
air,  is,  however,  continually  taking  place  by  the  lungs,  ia  easily  demon- 
slTsted.     A  familiar  example  is  the  effect  of  the  inhalation  of  the  vapour 

•   "  Plulo*upluail  lUgaiine,"  vul.  nt  p.  478. 

t  ■■dupor'sWodhannbrift,"  ISIS,  bnnd  IG. 

:  "  Friie  B^ir  o"  Catueoa*  Abi«rptiuu,"  p.  liS. 
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of  Turpuntiue  ujmii  tJie  tu-iuary  excretion.    It  can  only  be  in  tJus  i 
that  those-  giLsea  act  upon  the  system,  which  have  a  noxious  or  ; 
effect,  wbeD   miogltKl   in  HmnJI  qunntities  in  tJie  atmoaphen' ;  rihI  it  ii| 
moHi  astonishing  to  wituess  the  extrnorilinary  increase  in  piitenry  whirfl  [ 
many  aubstaiices  exhibit,  when  tbey  arc  brought  into  relation  uiili  Um 
blood  in  tiic  gaseous  foiin.     The  most  retnarkable  example  of  this  kind! 
is  afforded   by  Aj-seniurelted  Hydrogen,  the  inspiration  of  a  few  httD- 
dredtha  of  u  grain  of  which   hus  been  prrxluctive  ctf  fatal  coni^equvtMitl 
tbe  resulting  syni|itonis  being  those  of  nrseuicul  jioisoniiig.      Next  tu  tU^I 
perliaps,  in  deleterious  fLcti\'it_v,  is  Sulplim'ett*d  Hydrugeu;  but  it  irouUl 
eeem  that  the  effects  of  this  gas  npon  the  Human  subject  arc  «c»rflcly  i 
violent  as  tliey  are  upon  animals  ;  for  though  it  bo^a  been  found  tlint  tlwl 
presence  of  1-I50(lth  pnrt  of  it  in  the  respired  air  will  destroy  a  bitd  ial 
a  very  short  time,   that    l-^OOth  part  suiliucs  to  kill  a  dog.  luid  tball 
L-3SUth  part  is  fiitid  to  a  horse,  yet  M.  Pai-ent-Ouchatelet  has  alTiraHdl 
that  workmen  habitmilly  breatlie  with  impunity  an  atmosphere 
ing  (rue  per  cciU.,  and  that  he  himself  Las  respired,  without  serii " 
tonis  enisuing,  air  which  contained  fl^rlx  per  ceiU.     There  can  be  in.  ilouU,  J 
however,  that  the  C'lntiniiid  iuhfdation  of  air  thus  eoDtanmint«il,  wimUJ 
be  Bpeedily  fiitnl.      Sulphuretted  hydrogen  and   Hydro-aulpliurBl  of  i 
monia  are  given-otf  from  most  forms  of  decaying  animal  nlid  ve 
matter;   and   it  is  undoubteiUy  to  the  accumulation  of  these  gaseai  i 
the  fatal  results  which  sometimes  ensue  li'om  enU'ring  sewers  »re  Ui 
ohiefly  attributed. — Uiirburetted  hydrogen  is  another  gas  whose  eflrdil 
are  similar;  but  a  larger  proportion  of  tt  is  required  to  destroy  lifc,- 
Csrbonic  acid  gas,  also,  apptars  to  be  absorlied  by  the  lungs,  when  I 
large  projKirtiou  of  it  is  contained  in  the  atmosphere.     The  accumnlk-l 
tion  of  this  gas  in  the  blood,  when  the  respired  tur  is  charged  wttl  it 
even  to  a  moderate  amount,  might  be  attributed  to  tlie  impedimeiit  UiUbI 
offered  to  its  ordinary  exhalation  (§  313):   but  the  following  experinienil 
appears  to  prove  that  it  may  be  actuaJly  absorbed  into  the  blond,  tutilj 
tliat  it  will  thus  exert  a  rcidly-poiaonous  influence,  and   not  merely  jii 
duce  an  asphyxiating  effect.     It  was  found  by  Rolando,  that  the 
tube  of  one  lung  of  the  land-tortoise  may  be  tied,  without  appArentl/ 
doing  any  matorial  injuiy  to  the  animal,  as  the  respiration  portbnned  1 
the  other  is  suliicient  to  malntidn  lil'e  for  some  time;  but,  ha%nng 
trived  to  make  a  toi-toise   inhale   carbonic   acid  by   one  lung,   wliilst 
breathed  air  ijy  the  other,  he  found  that  the  animal  died  in  a  few  hours,' 
— Cyanogen  is  another  gas  wliich  haa  an  sctively-jwisonous  iiiilueu 
upon  auimaln,  when  absorbed  into  the  lungs;  its  agency,  also,  is  of  i 
narcotic  character. 

32-3.  It  is  singular  tliat  tbe  effects  of  the  respiration  of  pure 
should  uot  be  disaiinilar.     At  first,  the  rapidity  of  the  pidse  and'  thaJ 
number  of  the  respirations  are  increased,  and  the  animal  appears  to  i 
little  or  no  inconvenience  for  an  hour;  but  symptoms  of  coma 

*  Tbe  fatal  reanlt  of  brentliiDg  tlie  fiimea  of  charcoal  La,  tliorefoTQ,  not  Bitupl*  i 
vai^  aa  wutild  reanlt  from  breathing  bjilrcgeo  or  ititro^u- — Other  TolatiEe  firodufti 
Mt-free  in  tbe  conjbnrtinn  (if  oLarcoal,  baiidse  ciirlKjuic  acid.  Mr.  Cualhn|>e  \Vic.  aL}\ 
Mates  theae  to  b«  CarbQniiM,  JUurisle,  andSnlpbHtcuf  Ammonin,  Citrboilic  Oiiile,  Oivgn,  J 
Nitrogin.  Water;  vH|xiur,  and  EmpyrFumatie  Oil ;  to  tlie«,  Siilpbanmi  add  nuijr  Hipwj 
b>  bo  properly  aUdcd. 
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gnuiuftUy  dcvc>lci[<e  Ihentselves,  ntid  deuth  ensues  in  six.  ten,  or  twelve 
honre.  If  the  auiiiiala  be  removed  into  the  air  before  the  insensibility 
a  complete,  they  quickly  recover.  When  the  body  is  examined,  the 
beul  is  seen  beating  strongly,  while  the  di«|jtimgm  is  inotionkfia;  the 
whole  biood  in  the  veins,  as  well  as  in  the  ai't^ries,  is  of  n  bright  scarlet 
eoluor;  and  several  of  the  membranous  surfaces  have  the  siuue  tint. 
The  blood  is  obaerved  to  coagulate  with  remarkable  I'apidity;  and  it  is  to 
the  alteration  in  its  jiroperties,  occasioned  by  hypi'r-nrterialization  {§  180), 
Uid  indicated  by  this  cotidition,  that  we  are  probably  to  attriltute  the 
fiital  result.  There  can  be  no  doubt  that  in  tliia  instance,  an  undue 
amount  of  oxygen  is  absorbed ;  and  it  does  not  seem  unlikely  thnt  one 
CKUm;  of  tbt>  £ital  result,  is  a  i^tagtiation  of  the  blood  in  the  systemic 
eajiillariefi,  conseijuent  upon  the  want  of  auflicient  ehimge  in  its  passage 
through  them  (§  275). — When  Nitrogen  or  Hydrogen  is  breathed  for  any 
length  of  tinie,  death  roiults  fi'oin  the  deprivation  of  Oxygen,  ifither  than 
from  any  deleterious  influence  which  these  gases  themselves  exert. — Death 
is  lilso  caused  by  the  inhalution  of  several  gases  of  an  irritant  character, 
such  as  Sulphurous,  Nitrous,  aiid  Muriatic  acids;  but  it  is  doubtfid  how 
fur  they  are  absorbed,  or  how  far  theii-  injurious  effects  are  due  to  the 
abiioruial  at-tion  which  they  excite  in  the  lining  nienibrane  of  the  air- 
cirUs  and  tul)es, — It  cannot  he  doubted,  that  Miasuiata  and  other  morbific 
agentti  dilfusiMl  thi-ough  the  HtiiioBpherc,  arc  more  readily  introduced  into 
the  system  through  the  pulcuonary  nurfacc  than  by  any  other;  and  our 
aim  should  therefore  be  directed  to  the  diBCOvery  of  some  counteracting 
ftgents,  which  can  be  introduced  in  the  siune  manner.  The  Pulmonary 
snrGice  ftflbrda  a  most  advantageous  channel  for  the  introduction  of  cei-taln 
medicines  that  can  be  raised  in  vapour,  when  it  is  desired  to  affect  the 
»jrKt«m  with  them  speedily  and  jwwerfally ;  such  is  pre-eminently  the  case 
with  those  Aniesthetic  agents,  ether  and  cldorofonn,  whose  introduction 
into  the  various  defmrtmeuts  of  Medical  and  Surgical  practice  constitutes 
a  tnon  important -era  in  the  history  of  the  healing  wt;  also  with  Mor- 
eniy*  Iodine,  Tobacco,  Stmmotunni,  io. 

8. — EffecU  o/Suxpeimon  or  Deficiency  of  Reapiratit/n. 

326.  We  have  now  to  consider  the  results  of  the  cessation  of  the 
Bespiratoi-y  function,  and  tlie  consequent  retention  of  Carbouic  Acid  in 
the  blood.  If  this  he  sufficiently  prolonged,  a  condition  ensuea,  to  which 
the  name  of  A e/ihi/xia  hajs  Wen  given;  the  esaeutial  character  of  which 
ia  the  cessation  of  muscular  movement,  aud  shortly  afterwards  of  the 
Circulation;  with  an  aceunnilation  of  blood  in  the  venous  system.  The 
time  which  ia  neceasni-y  for  liie  to  be  destroyed  by  Asphyxia  varies  much, 
not  only  in  different  animals,  but  in  different  states  of  the  same.  Thus, 
wsrtu-blooded  animals  ai-o  much  sooner  asphyxiated  tlian  Reptiles  or 
I n vertebra ta ;  on  the  other  liaud.  a  hybemating  Mammal  supports  life 
for  iRDUV  months,  with  a  respiration  sufficiently  low  to  pnjdiice  speedy 
a^I'hvxia  if  it  were  in  a  stnt«  of  activity.  And  among  Mammalia  and 
Birds,  there  are  many  species  which  are  adapted,  by  peculiarities  of  cou- 

•  Tbe  liraeficiiiJ  remilu  of  the  mtrnductiun  of  MercBrj  bj  inlisUtion,  are  rtrikinglj  set 
6vth  in  Mr.  ljin^t<iD  FnrlierH  Stat)  an  "  Tbe  Tmtroenl  of  Secoadar;,  Conititatiuns], 
mad  CoDlimieil  SnihlUii." 
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formation,  to  Bustain  a  duprivntion  of  air  I'or  mucli  irioit'  than  the  average 
periud*  Exclu'liug  thc3i>,  it  may  bo  stated  lut  a  gcueral  fact,  that,  if  a 
warm-bloodL'd  auima)  iii  a  state  of  activity  bo  doprived  of  reaiiinitoiy 
power,  ita  muacular  movements  (with  the  esoeption  of  tlie  coutraction  of 
tbo  heart)  will  cease  withJa  five  uiiiiutca,  of^n  within  three;  and  t}iat 
the  circulaticjii  generally  fails  within  ton  miuuteH.^ — Many  persons,  how- 
over,  are  ca[>ablo  of  aiiHtainiiig  a  deiuivatiou  of  air  for  two,  tlirec,  or  oveu 
four  miimteSjt  without  iuseusibility  or  any  other  injury ;  hitt  tliis  power, 
which  seuina  possessed  to  the  greatest  degree  by  the  thvei's  of  Ceylon, 
can  only  be  acquired  by  liabit.  The])eriiid  duringwhich  remedial naeana 
may  bo  successfid  iti  reatoiing  the  activity  of  the  vital  and  animal  fuoC' 
tions,  is  not,  howttvor,  restricted  to  this.  There  is  one  well-autlniuticated 
case,  in  which  recovery  took  place  after  a  continuous  submersiou  of 
fifteen  minutes: J  and  many  othei's  are  on  record,  of  the  revival  of 
drowned  iHirsiiua  after  an  interval  of  half  an  hour,  or  even  more;  but 
there  is  not  the  same  certainty  in  regard  to  these,  that  the  individuala 
niiiy  not  have  occasionally  risen  to  the  surface  and  taken  bre-ath  there. 
It  is  not  iniprolMiblo,  however,  that  in  some  of  tlicse  eases  a  state  of 
SyucojK!  had  coiiie-on  at  the  moment  of  immersion,  through  the  iuiluenee 
of  fear  or  other  mental  emotion,  uoucussiou  of  the  brain,  >kc. ;  so  that, 
when  the  circulation  was  thus  enieebled,  the  depiivalion  of  air  would  not 
have  the  sanic  injurious  efl'cct,  as  when  this  functiun  was  in  full  activity. 
The  case  would  theu  closely  resemble  that  of  a  hybernating  animal ;  for' 
in  both  instances  the  being  might  bo  said  to  live  very  slowly,  and  would 
therefore  not  rcqiure  the  usual  amount  of  respiration.  The  condition  of 
thestill-lioniiiifautis  in  some  respects  the  same;  and  re-animatiun  has  b(>cit 
mcceasfully  attem])ted,  when  nearly  half  an  hour  had  intervened  between 
birth  and  the  employment  of  resuscitatiiig  means,  aud  when  probably 


*  ThnR,  the  Cota«:ii  cudUId  fur  mnrc  liloud  in  their  vcssgId,  limn  <<(i  any  oLWrMamiaalUi 
aiiil  tliese  vtEseli  nre  bo  Hmui)(«i,  that  Iwtli  arteries  ooiil  vtiiis  are  Ip  aiuuectiiui  »ilb  lsr|ce 
nuiervi'irH  at  ilivurtinuln.  Tlio  rvMrruini  k-tituging  lu  tlio  funiier  nn:  uaun.lJy  Tnll ;  Lut 
wLtiD  the  AVhiili?  n.-]imLQH  long  uudur  w^atvr,  tbo  hlood  wtii(;h  thrj  ixidIjub  in  gruduullj'  iutni- 
<luceJ  iaUf  ibtF  {;lr[rulut[{jii,  anil,  aft^r  bocLriuing  veDuaH,  accnmii]a(«»4  id  thu  roiierv-iiirB  (N>ii- 
oijctinl  witli  tbu  veu"un  ajuWin.  By  ni«m8  «f  lUin  proTiaion,  tbo  Wbilo  caa  rouiiun  under 
vnter  furmuD^  Uiauun  liuur. 

t  Dr.  HiilchiiuHiu  itulcs  Ibat  any  tnim  of  unliaory  '  vital  ospnoitj'  cnii  pans  twa  minatcii 
withoQt  br^ntbing,  if  l^c  lirst  laakca  fi^v  or  six  fb^rpibfe  iiiHpirBti[>UA  and  « ipiratioaB,  4u  u 
lo  uImuisb  tlio  Imiga  uf  tlie  old  nir,  n-nd  tiien  fills  bis  cbest  ai  com(ilol«ly  na  he  csn.  "  Pot 
the  fiisL  15  secnads,  a  giildisiMa  will  be  Gipi'ricneed :  but  vrhvn  tbis  leareg  as,  oa  du  uia 
fuel  the  liliglitflBt  ineonycnieneu  fur  want  "f  air."  (See  "Cyclop.  wtAiuit.  uod  Phys." 
vol.  iv.  p.  lOli'J.) 

Z  Tbe  fulktwJDg  are  Uie  (iv^ia  of  tbi^  caae,  aa  nurated  by  Marc  {^*  MaDuel  d^Autopma' 
Cftdavirique  Mfelioo-Ltgale,"  [i.  1B6)  on  the  antburily  uf  I'raler. — A  wvnuau  oonriclod  of 
inCu1Cil^id>^  vm  eondemiied  to  die  by  druwniug,  Tbis  puiUEbuient  wag  fiimxirly  inflicted  in 
Ucnuany  necunliu^  Uj  the  dot  tjbfh^tete  Caroline  law,  the  culprit  being  iaoleaeU  iu  a  nok 
vitb  a  cuck  luul  a  ait,  and  nuali  lo  tlic  bottom  of  the  walnr.  Id  thii  inKt&nce.  the  vomaa, 
■Iter  baving  been  eatiiDergCil  fi^r  a  quarter  of  aD  liuur,  vaa  dmnn-up,  asd  ajinnCunruuWy 
reeovered  her  bcdhga.  .Sbu  iitaloil  that  she  bftd  lieo-ime  iuaenHilrle  at  the  niviiuunt  of  bar 
BnUtiierHiiiD ;  jl  circumHtance  vbicb  adds  c^Djiiderable  weii^bt  to  tbi!  4nppfl?iitton,  bawd  upon 
the  poBt-UKjrtcui  agijieanuivea  id  ojuiy  casea  uf  ilmwoiDg,  that  death  oftcD  lAkes  pUceu 
much  by  Sypcngie  (ur  pritDary  failure  <if  the  heart'i'  action,  coues'iiieut  upuu  ludden  knd 
lioleot  emotioD,  or  uptD  pbyiicol  shock)  u  by  Aapbyiis.  If  the  reality  :■{  tliis  stale  of 
Syacitfjal  Aipbyiia  be  admitted,  tliere  ilvn  not  weDi  auy  adequiit^  rcaoiui  for  limiting  the 
pufflible  peraintence  uf  vitality  in  u  aubmerged  body,  even  to  half  ad  hoDr:  eB)<e<aally  if  tlN 
tcmporaturv  uf  tbu  wal«r  be  such  an  not  lo  cauw  aay  rapid  al>atnKtiiiu  uf  ita  heat. 
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much  longer  tunc  had  I'lnpsei]  from  the  jferiod  of  the  susponuioa  of  the 
circulntiiiii. 

32".  It  liaa  now  been  aufficiently  proved,  both  by  experiment  and  by 
I>3thol"gical  observatioii,  that  the  first  effect  of  the  non-urterialijatiou  of 
die  blood  iu  the  lun^  ia  the  retardation  of  the  fluid  in  their  capillaries ; 
of  which  tho  accuiiiulatioii  iu  the  venous  Byxtem,  and  the  defici<>at 
nipply  to  the  arterial,  are  the  neoasary  couaeqnences.  It  is  some  time, 
boweTBT,  before  a  comitate  stagnation  takea  pUww  from  thin  cauBo;  siuee, 
as  long  OB  the  projurtion  of  oxygen  which  runuiiuii  in  tho  air  iu  tho  luuga 
is  couBidemble,  and  tliat  of  tho  carbonic  acid  ih  email,  so  long  will  some 
imporfectly-art^irializeil  blnod  find  its  way  back  to  the  heart,  and  be  trans- 
nutted  to  the  syaU'm.  This  blood  oxorta  a  depreasing  influence  ujmii  tho 
ncrvoua  iHtttti-t.^,  wliich  is  aidtxl  by  the  iliuiinution  tliat  gradually  takes 
place  ill  the  ipiaiititj-  of  bliiod  propelled  to  tbeui;  andthua  thejiowtTs of 
thi.'  StTisorial  Cf-ntrcH  are  suspended,  ho  tliat  tho  iniliWdual  becomes  luicon- 
Kiauaof  external  inipressious ;  whilst  the  activity  of  the  Medidia  Oblon- 
gata also  beei'nica  itiniinishcd,  so  that  the  reapiratory  inovumentB  arc 
eniiBebltxL  The  piv^fresaive  iixhaustioD  of  the  oxygon  of  the  air  in  the 
lungs,  and  the  accumulation  of  carliouic  actd  in  the  blood,  increase  tho 
ubtitructiiiD  in  the  pulmonary  capillaries;  less  and  less  bh>oii  is  delivered 
to  the  syKteuiie  arteries,  and  what  is  thus  transniittcd  becomes  nioi-e  and 
lourv  veuons ;  tho  nervous  centres  are  now  cuniplctely  paralyzed,  and  the 
nspimtury  movements  oense ;  and  the  deficient  BU])ply  of  blood,  with  tlio 
dupmvation  of  its  ijuality,  act  injiuriously  u]iou  the  muscular  system  also, 
and  <;9^wciutly  weaken  the  contractility  of  tiie  heart  In  t\da  enfeebled 
state,  the  final  cessation  of  its  uiovcments  sccmis  attributable  to  two 
distinct  causes,  acting  on  tho  two  sides  respectively;  for  on  the  right 
ade  it  is  the  result  of  the  over-diatonajon  of  the  wijls  of  the  ventricle, 
owing  to  the  accumulation  of  venous  blood ;  and  on  the  left  to  defieieucy 
of  tlie  stimulus  neoensary  to  excite  tlie  movement,  which  is  no  longer 
mstained  by  its  s]K.>utaneouB  motility  (§  242).  The  heart's  contractility 
is  not  finally  lust,  however,  nearly  as  soon  as  its  movements  cease;  for 
tlie  action  of  the  right  ventricle  may  bo  renewed,  for  some  time  after  it 
has  rtopijed,  by  withdniwiug  a  portion  of  its  contents, — either  through 
tlie  jmlmonary  artery,  tlieir  natural  channel, — or,  more  directly,  by  an 
fjpening  taa<\v  in  its  own  parietes,  in  the  auricle,  or  iu  the  jugidar  vein 
(§  247).  On  the  other  hand,  the  loft  ventricle  may  be  again  set  in  action, 
by  renewing  its  apjiropriate  stimulua  of  arterial  blood.  Hence,  il'  the  sto[>- 
page  of  the  circulation  have  not  been  of  too  long  oontinuonce,  it  may  Ije 
renewed  by  artificial  respiration;  for  the  rciilacemout  of  the  carbonic  acid 
by  oxygen  in  the  aiiM^Ils  of  tlie  lungs,  restores  the  circulation  through 
tlie  pulmonary  capillaries;  and  thus  at  the  same  time  relievos  the  dis- 
touion  of  the  right  ventricle,  and  conveys  to  the  left  the  due  stimidus  to 
itt  sodoQs. — Of  the  mode  iu  which  the  Pulmonary  circulation  is  thus 
TtegnafH  by  the  want  of  oxygen,  and  renewed  by  its  ingress  into  tho 
Inn^  no  other  consistent  explanation  can  bo  given,  than  tliat  which  is 
baaed  on  the  doctrine  ali-cady  laid-down  in  regard  to  the  cajiillary  circu- 
lation in  general  (5  275);  namely  that  the  iierfcinuanco  of  tlio  nomiiil 
ruK-tiun  lietweea  the  blood  and  the  auiTomiding  medium  (whether  tliis 
I*  air,  wat«r,  or  scilid  organized  tissue)  is  a  condition  necessary  to  the 

n^ular  inuveiuent  of  the  blood  through  tho  extreme  veaaels.     That  no 
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mccliFtnical  impediment  to  its  {laaBiigi!  is  created  (as  some  have  maintoiDed) 
by  tlie  want  uf  distension  of  the  lunga,  hna  beeti  fully  proviid  by  the  ex- 
periments of  Dr.  J.  Reid  on  the  induction  of  Asphyxiii  by  the  respimtion 
of  azote.  And  that  a  contraction  of  the  amall  arteries  and  capillaries, 
unrfiT  tlie  stiniuhia  of  venous  blood,  cannot  1ki  Ifgitiraately  assigned  as 
tho  cnuHC  of  the  obstruction,  is  evident  fi-oin  the  consideration  brought  to 
hear  upon  it  by  the  same  excellent  experimeater ;  namely,  the  xm/tlfa- 
ueaii  with  which  the  fiow  is  renewed  on  the  admission  of  oxygt.n,  as  con- 
tnisted  with  the  sloimiess  with  wliicli  arteries  dilate  after  the  removal 
of  the  cause  of  their  contmction  (§  2-5G).* 

328.  It  cannot  be  necessary  Lore  to  dwell  upon  the  fact,  that  by  the 
repented  pRKsage  of  the  same  aii'  thi-ough  the  lunga,  it  may,  though  origi- 
n;illy  pure  and  ^vholesome,  be  so  strongly  impregmitcd  with  carbonic  acid, 
and  may  lose  so  much  of  its  oxygen,  as  to  be  rendci-ed  utterly  unfit  for 
the  continued  maintenance  of  tho  aerating  process ;  so  that  the  individual 
who  continues  to  rosjiire  it,  shortly  becomes  asphyxiatiid.  There  are 
several  well-known  eases,  in  which  the  sjjeedy  death  of  a  number  of 
persons  ciintinod  together,  has  resulted  from  neglect  of  the  most  ordinary 
precautions  for  au]>plying  thetn  with  air.  Tliat  of  the  "  Black  Hole  of 
Calcutta,"  which  occurred  in  \~5li,  has  acquired  an  unonvialjle  prt-t'ini-  m 
nenee,  owing  to  the  very  large  proportion  of  tho  prisoners, — 123  out  of  H 
146, — who  died  during  cnienight's  confinement  in  ii  room  IH  feet  square, 
only  provided  with  two  small  windows ;  and  it  is  a  remarkable  confirma- 
tion of  the  views  formerly  statcil  (§  22(1),  and  presently  to  be  again 
advertcd-to,  that  of  the  3U  who  were  found  alive  in  the  morning,  many 
were  svibseijuently  cnt-off  by  '  putrid  fever.'  Such  eat.iftrophes  have 
occurred  even  in  this  country,  from  time  to  time,  though  uautdly  upon  li 
smaller  scjile ;  tliera  has  happened  one  at  no  distant  date,  however,  which 
rivylled  it  in  magnitude.  On  the  night  of  the  first  of  December,  1848, 
the  deek-passengerh  on  hoard  the  Iiish  steamer  Londonderry  were  ordered 
below  by  the  Captain,  on  account  of  the  stormy  chainttor  of  tlie  weathef ; 
and  although  they  were  crowded  into  a  cabin  fur  too  small  for  their  accom- 
modation, the  hfttcheK  were  closed-down  upon  tlieiu.  The  consequence 
of  this  was,  that  out  of  loO  individuals,  no  fewer  than  70  were  suffocated 
before  the  morning. 

339.  It  cannot  be  too  strongly  impressed  upon  the  Medical  prwv 
titioner,  however,  and  through  hiiti  ujion  tlie  Public  in  genern.1,  tluit  the 
continued  respiration  of  an  utmosphere  charged  in  a  far  inferior  degree 
with  the  exhalations  fr'im  the  Lungs  and  Siskin,  is  among  the  must  jiotent 
of  all  the  '  ]iruiliRi>osing  causes"  of  disease,  and  especially  of  those  ii/iimlie 
diseases  whose  propagation  seems  to  depend  \i\yon  the  ]>resenee  of  fer- 
mentible  matter  in  the  blood.  That  such  is  really  tho  tiict,  will  appear 
from  evidence  to  lie  pi-eaeiitly  referred-to ;  and  it  is  not  difficidt  to  find  a 
complete  and  satisfactory  explanation  of  it.  Fur,  as  the  pi'esence  of 
eren  a.  flmall  per-oentage  of  carbonic  acid  in  the  respired  air,  is  sufficient 


I 


J 


*  For  s,  fuller  iliHcn^sion  of  the  pntholo^  of  Aflphjxia,  wa  tlie  '^Cjolop-  of  AjiAt.  v)d 
PhyB.,"art.  '  Afiphptia,'  liy  I'nif.  Allnon  ;thfl  "Lihrsijof  PlsotiL-dlMaiiiwin!,"  vol.  iii.,  ut. 
'  Aapliyiia, '  liy  iLp  Author;  tbu  Eiiwrimenlal  Siwaj  bj-  Dr.  J.  Reid,  ■  On  the  Onler  oT 
Soooesnion  in  whii'h  tbe  Vital  Ai'tiotu  nn  airoslcd  in  Anphyiiik,'  in  tbe  "  Edinb.  Mcd.uid 
SiirK.  Journ.,"  1841,  ami  in  hia  "Aunt..,  I'byaiol.,  nnd  Fntbol.  Rmnuvliea;"  ud  tha 
Elporimenlal  Inqniry  l>j  Mr.  Erioliscu.  in  tlit  "Bdinb,  Med,  nnil  Surg.  Joum.,"  1845, 
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to  muse  a  serious  diminution  in  the  amount  of  cni-bonic  acid  tlirown-off 
and  of  oxygon  aliai.rljed  (§  -H.t),  it  fijilows  tlmt  those  oxidating  processes 
which  minister  t>j  the  eliniiiuitiim  of  eti'etc  matter  from  the  system,  must 
be  impertectly  |wrformi!cl,  and  that  an  accumulation  of  substances  tending 
lo  putrescence  must  take  place  in  the  blood.  Hence  there  will  probably 
be  &  considerable  iuci'CJiac  in  the  amount  of  such  matters  in  the  pulmomiry 
md  cutaneous  eichalfttion;  and  the  uoi'enewed  air  will  beoouie  cb/irgcl, 
not  only  with  carbonic  acid,  but  alao  with  organic  matter  in  a  state  of 
decoui position,  and  will  thiid  favour  the  accumulation  of  both  theae 
marbifit'  substances  in  the  blood,  instead  of  effecting  that  constant  and 
complete  removal  of  them,  wlueh  it  ia  one  of  the  chief  ends  of  the  reapi- 
mtory  proceai  to  accouiplish. — It  has  been  cuatoniary  to  consider  the 
oaiisec|Qe-nDes  of  imi>erl'uct  re-spiration,  as  being  exei-ted  merely  in  pro- 
moting an  luxumulatiou  of  carbonic  acid  tu  the  system,  and  ia  tliua 
depresaing  the  vital  powers,  and  rendering  it  prone  to  the  attacks  of 
disease.  Bttt  the  deJiciency  of  oxygenation,  and  the  consequent  increase 
of  putrescent  matter  in  the  body,  must  be  admitted  as  at  lenst  a  concur- 
rent agency ;  and  when  it  ia  borne  in  mind  that  the  atmosphere  in  which 
a  naniber  of  persons  have  been  eon6ned  for  some  time,  becomes  actnally 
offeruiive  to  tlie  smell  in  consequence  of  the  accumulation  of  such  exhala- 
tions, and  that  (as  will  pre^-utly  appear)  this  accumulation  exerts  pre- 
eiseiy  the  name  influence  upon  the  spread  of  zymotic  disease,  ns  that 
which  u  affi)rded  by  the  diffusion  of  a  sewer-atmosphere  through  the 
mpired  air,  it  scarcely  admits  of  reasonable  doubt,  that  the  pcmiciouH 
«ffMt  of  ov«r-crowding  is  exerted  yet  more  through  its  tendency  to 
promote  putrescence  in  the  system,  than  tliroiigh  the  obstruction  it 
ertMiea  to  the  due  elimination  of  carbonic  acid  fi-om  the  blood.  For  it 
is  Ui  bo  remembered,  that  whilst  the  comp/ett  oxidation  of  the  effete 
matters  will  earrj-  tliera  off  by  the  lungs  in  the  form  of  carljonic  acid 
xiid  water,  leaving  urtm  and  other  liighly-iizotized  products  t<>  pass-off 
by  the  kidneys,  an  hnperfict  oxidation  will  only  convert  them  into 
thost!  pecuharly  offensive  products  wliich  characterize  the  fjecal  excre- 
tion (§  llJit).' 

330.  Of  the  remarkable  tendonty  of  the  Respiration  of  an  atmosphere 
charged  with  the  emanations  of  the  Human  body,  to  favour  the  spread 
of  Zj-inotifi  diseases,  a  few  characteristic  examples  will  now  he  given. — 
All  those  who  have  had  the  widest  opjiortunilics  of  studying  the  con- 
ditions which  ]>redispose  to  the  invasion  of  Cholera,  are  agreed  that  oi'er- 
cravxiim]  is  among  the  most  [>oteut  of  these;  and  from  the  numerous 
auts  ia  which  this  was  most  evident,  contained  in  the  ■'  Report  of  the 
GefiRTol  Board  of  Health"  on  the  epidemic  of  1848-9,  the  two  following 
maybe  selected. — In  the  autumn  of  I84!t,  a  aiulden  and  violent  outbreak 
of  Cholem  occurred  in  the  Workhouse  of  the  town  of  Taunton;  no  case 
of  cholera  having  either  previously  esisted,  or  subsequently  presenting 


*  tl  i*  a  remstk.ablB  eon6niiati(>ii  of  Prof,  Liebi2'i  Bnn1i)gj  fjetweeii  llje  imp^rfeot  oiicia- 
tion  of rfelo  matlcm  iritbin  tbulnulj,  nml  tIiatCL.mliui>tu>n  in  a  Inirji  iir  riimn^e  insn&'IeDtl; 
Mpplivd  vith  air  witirh  ULiueA  a  (ifpoail  of  oont  jind  v:muLi6  tmpyreiiijintiE'  pruJui^tP,  tjmt  n 
■t  of  ■flt'lB  liAve  been  foDud  by  StJideler  in  tbi.'  anofl  of  tbe  cow,  bearing  .1  rciuurkn-bte 
vt^OC  to  wcl1-kQgmpr[>i]ur^U"f  fl»{tn;GtiTcdUtiIiatiuii,aiid  mieof  tbcmactanJlj  iJcDli^ol 
vHh  the  mtitiU  arid  ptvviutisl;  known  u  onu  of  the  inj^redienU  of  smoke. — See  Pruf. 
QngurT'i  "Hnuiibook  of  Orgnnk  Ciieaiistrj,"  p.  460. 
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itaeIC  ADiang  the  inliahitante  of  the  Uiwa  in  general,  altbnugh 
W08  prevoJeot  to  a   con^dursble  extent.      The  buildint;  waa  ilt 
bodl^  constmoted,  and  the  ventilation  defiicieat;  l-ut  this  w»b  i 
the   oisf   with   the   schiwl-roomB,   there    tieing   ouij    about 
feet  of  iiir  for  eaeh  girl,  aud  even  less  for  the  boys.     On  Sat.  X  ' 
of  the  inmateii  wiis  attacked  with  the  disease;   in  tcu  minutes 
the  time  of  the  seizure,  the  suffenr  pussed  iut»  a  state  of  h«[<iant 
lapse  i  within  the  spaoo  of  forty-Bight  hmiTB  from  the  &tst 
cases  (uid  19  deaths  took  phicc;  and  in  the  coniBe  of  tme  week, ' 
inmates,  or  ncurly  22  [wr  cent,  of  tlio  entire  nninljer,  www 
while  abn<^  every  one  of  tbo  survivors  tmllurcd  luore  or  Ic 
from  cholera  or  diarrhuao.     Among  the  fatal  codes  were  thnse  of  J 
and  9  boys;  iind  th«  comparative  iinniunity  nf  the  latter,  uutwtt 
the  yot  more  limiteil  dinn^miions  of  their  Bohool-room,  atliirds  > 
able  oonfirmntiou  of  the  ginioral  doctrine  here  advnnoed;  fort 
that,  ftUli'iuah  "i^ood  and  obediont  in  other  rcsi)ect8,  they  orinliU 
ki'pt  from  hreakiri^  the  winilown,"  so  that  many  of  them  pmb 
their  livett  to  th(.>  bettor  ventilation  thus  L-cjtuliluihL'd.     Now  iti  thii 
of  the  Haiue  town,  in  which  every  priisoner  is  uliowed  frwm  SIB  to) 
cnliio  feet  of  air,  and  thia  is  continually  being  renewtd  by  an  i 
system  of  ventilation,  there  wua  not  the   alightest  iudicatiouj 
epidemic  influence  (Ojk  cit,  pp.  37  and  71).— The  other  case  tf»\ 
citijd,  ia  that  of  Milllmuk  Prison,  in  which  the  gooil  eSeets  of  the  < 
tiou  of  previous  overorowrliiig  were  extremely  marked.      In  ths  i 
of  July,  18'1D,  when  the  Li>idemic  was  becoming  general  and  sen-re  at 
Metropolis  (espociiilly  in  tjiose  low  ill-drameJ  [liirts  on  both  siJea  rfi 
river,  in  the  inidNt  of  which  this  prison  is  situated),  the  niuolieri 
priaoncra  was  reduced,  by  the  tranafer  of  a  large  projiortion  of 
Shomcliff  barracks,  from  1U39  to  402;  the  nuinlier  ni  fejiydt 
on  the  other  liiind,  not  oi  Jy  iimlerwont  no  nwluotion,  but  yna  nti 
from  120  to  131,     Uow  the  Cholera-mortality  of  London  geniTiilIy,' 
was  O^O  j>er  1000  in  Jimo  iuid  July,  iticraatol  to  4'o  i>er  IW)  in 
and  September;  and  the  mortality  iimnng  thojeiiui^!  jirisouors  un 
a  similar  mtTwise,  from  S-3  to -')3'1  per  l"iXI;  but  tht- mortMlit^3 
the  Jiwi!  pri*ini-r8  oxhihitcJ  the  extninrdinaiy  •tintimUt<ni,  from  23"I| 
1000,  which  was  its  mtc  during  June  aud  July  wheu  the  ]iriwai 
crowded,  to  0-9  per  IWiO,  which  waa  its  rate  during  August  and 
tembor  after  the  reduction  ha^l  taken  phice  (Oji.  cit.,  App.  B.,  p.  1 
It  is  scarcely  i>osRible  to  imagine  tt  more  jin^Uive  case  than  this; 
it  shows,  in  the  drat  place,  the  marked  influouco  of  the  crowded  i 
of  the  pritum  upon  the  fatality  of  the  iliaease, — secondly,  the  diminn 
of  mortality  among  the  nuile  prisoners,  consetpicnt  uj-in  '■ 
the  overcrowding,  notwithstanding  the  ijuintupliiig  of  the   -^ 
tftlity  of  the  SletroiHilia  during  the  same  ])eriod, — and  thinllv,  iIh  , 
greater  increaao  of  iiiort-ility  amoug  the  female  prisoners,  which  [ii 
that  the  diminution  among  the  males  e^^uld  uot  be  attribotol  to  I 
rectisaion  of  the  epidemic  influence  fi-om  the  locality. 

331.  The  cholera-ex jjericDce  of  the  Indian  army  is  fir-.rtJle  in  w 
of  the  same  kind,  whose  jicculiai'  character  Tnnkes  them  evi-n  mcni 
markable.      It  is  U>  be  n-membered  that  the  normal  lUnonnt  of  Ro^i*' 
tion  ia  muoh  lower  in  a  hot,  tliau  in  a  temperate  climate  (§(  IdO,  316 1);.. 
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Hiently,  any  iloficioncy  of  oxygouution  will  teinl  iii  a  yet  higher 
_  '  til  promot-e  the  (tccumuliitinn  of  jmtrvscent  matter  in  tlie  ajHteni, 
nod  this  ca[i?ciiilly  when  there  has  been  any  UDiuuai  source  of  'wiist*?,' 
Mich  a»  that  indiiwrl  by  excessive  roiiscular  exertion. — Thi' t:irtniuistauc*« 
ath^ndant  upon  tLo  ontbreak  of  Cholei-a,  in  1S46,  at  Kiiirauhce  in  Soinde, 
ill  whii.'h  /''«  per  cent,  of  an  army  of  G360  men  were  earried-off,  jdttcc  tlie 
influence  of  these  conditions  in  a  Tery  Htriking  point  of  vidw.  lu  order 
that  tho  eoniparison  may  be  fairly  nnulo,  thfl  diita  specified  in  the  follow- 
ing Table  will  hu  takiin  only  from  Euixipwin  regiiuentw,  ainiiliir  to  each 
nther  lu  clitt,  elothioiij,  rcgimcTi,  Imbiis,  and  overy  other  conceivable 
pnrticulAr,  suvo  i«iich  as  wdll  be  mentioned: — 


PlglUlinil. 

stm^ui. 

0«tb>. 

Dcutx 
p«igoo. 

Prtmiion 

txtx^oa. 

Ofi««i^Ladin  . 

42 

0 

0 

ira 

Good 

Nil. 

Ovio(fB 

soo 

3 

15 

OrdioBTf 

Hustlj  gUDll 

Nil  or  alight. 

florsp  Brigade   i 

ISA 

5 

87 

Ortlmajy 

Q<K)d 

Hodente. 

6Wh  Billa    ,     , 

990 

75 

70 'S 

finlinary 

Brul 

Nil. 

Artillei?  .      .      . 

875 

37 

96 -fi 

OnJitinry 

OtKirt 

Sphtb. 

Rxnlaj  Facilier* 

76i 

63 

108 '6 

Ordinorj 

ViTjhnd 

Nil. 

SMim'  WiiBs  . 

lfi0 

23 

144 '6 

Nil 

Itf ofltt J  •mrj  bad 

Fftrtly  Bercre. 

Do.af  8i1th  Bf({t. 

— 

— 

18B'<} 

Nil 

YersbeA 

Very  stveri;. 

S6lk  B(«iine[it  . 

1091 

23S 

213 

Onliiuiry 

Voqrbul 

Vorj  SBTBte. 

3748 

404 

124 

Nixr  most  of  the  Officers,  iUid  all  tho  Ladies,  were  quartered  in 
WBll-vcDtibited  in>artmont8;  anti  the  oidy  predisposing  cauae  from  which 
tlie  former  could  lje  considerojl  a.s  liable  to  aiitTer,  wns  tlm  esimsiire,  in 
common  with  the  soldiers,  to  the  huniiug  beat  during  thd  liours  of  di-ill. 
Of  the  9  officurs  attacked  with  cholera,  of  whom  3  di(.il  (only  one  of  the 
fetid  CBWS  being  an  tuic«niplicated  one),  4  l>elongi'd  to  tlie  Eomliay 
Fosiliera,  and  had  been  living  (lifco  their  men)  in  tenta.  Tho  Ilnrsie 
Brigade  wore  Imiged  in  good  Imrracka,  but  had  recently  come  olT  a 
nukrvb  of  1 100  miha ;  l»eing  mounted,  however,  they  iniist  liave  suffered 
oomiiaratively  little  fatigue  fi-oni  thia.  The  G''th  RiJleiH  were  (pmrttirL'd 
in  bMrracka ;  bnt  the  ventilation  of  these  was  very  imperfect,  aii<l  thu  men 
were  much  crowded.  The  battalions  of  Artillery  were  ijnartoi-etl  in  gnnd 
barracks;  but  three  out  of  tho  four  ha<l  recently  mailo  tho  niarch  of  lHnO 
miles  on  foot.  The  Bombay  Fuailiera  were  ipnarteved  in  tentii,  whoso 
sccomnimlation  was  ao  liniited,  tliat  10  or  13  men  were  crwip»l-up  in  a 
Rpaco  14  feet  squiirc,  with  the  therm omettr  ranging  fiiini  90"  to  loi)",  and 
without  any  adeqiuite  p-oviston  for  ventilation.  The  6Gtli  Regiment  was 
qoart^red  in  i>reci»ely  the  wime  manner;  and  hail  I'ceently  uuide  the 
Duuvh  of  1000  milea  nmler  i^cry  lUilavouraLle  circumstances,  lie.sides 
having  previoiLiJy  Buffered  from  the  debilitating  influence  of  severe 
Murvice.  Tlie  coudition  of  the  Soldiers'  Wivua  as  regards  their  accoranio- 
dation  would  be  the  §ame  as  that  of  their  husltuuds,  but  they  would  not 
be  subjected  to  the  &tigue  and  eaqjosure  of  drill ;  on  the  other  hand,  their 
fiitiguc  aiid  exposure  during  a  mai'cli  would  be  scarcely  inferior  to  tliat 
of  tbw  men ;  and  it  was  among  the  womeu,  ad  among  the  soldiers,  of  the 
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86th  Regiment,  that  the  chief  mortiiiity  occurred,  thrir  loaa  IwvSagI 
1  in  (i,  or  160IJ  per  lOOl'.— Tbiia  we  see  that  tlie  hig/,afl  nt«of  I 
presents  itself,  wliti-t.'  the  thrt'S  cuiutti  were  in  ooncurreiit  MCknj 
al>3tiKe  of  niortulity.   wheii.'   neither  of  them   was   iu   ojicrkUoiL 
difference   between   the   mortality  of  the   Bomlmy   Fusiliers  (lOH-C 
lOUIJ)  lUiJ  that  of  the  StJth  Regiment  (218  per  lu'OO),  which  *.■■-   i^m!" 
preuiRely    the   ^lue  conditions  as  regards  exposure  oiiil    '> 
flhowu  the  extrBordioarjr  InSuenoe  of  previous  exertion ;  but  ^^^ 
vould  not  of  itself  auco tint  for  the  high  rHt«  of  mortality  iu  tlia  i 
shown  by  the  smaller  proportion  of  deaths  in  the  Artillery ;  llie  ix 
of  the  ^me  march  iijifju  three  out  of  its  lour  battalicns,  having  bMB  il| 
great  degree  kept-Jown  by  the  adequate  provinon  for  their  i 
so  that  theii'  mortality  was  less  thou  that  of  the  Bomliay  FiuilMin, ' 
had  not  suffered  fi-om  previous  exertion,  hut  were  orer^rrinvdnl  m  I 
ventUftted  teat«. — It  is  ecnroety  po^sihle  to  ima^iie  any  mon-  Bati« 
proof  of  the  preveniibilUi/  of  ii  large  [art  of  this  terrible  mortAlily,  ' 
is  afforded  by  the   analysis   of  tliis   euse;*  but   if  any  eotifiTliukliua 
required,  it  is  afforded  by  the  ciis«  of  Bellitry.  a  fortress  aU-iii  i;.'"  inii 
north-west    of  M,idms.       Although  by  uo  menus    uuheulthih   mli: 
thii)  station  wa^  not  free   from  Cholera  for  a  ritn<^Ie  year  betWM-a  I8|| 
and  IHll ;  and  violent  outbreiiks  took  place  occasionally,  surh  as  lliati 
1839,  in  which  the  Sflth  Regiment  vas  reduced  in  five  mi>nthi  from  73 
men  to  Ii45,  the  number  of  deaths  being  90,  or  123|  per  10(H). 
bUTSck-niMximmodation  in  Ihia  fort  was  extremely  insuf&dMit  fnr  1 
garrison  regularly  quartered  in  it ;  yet  small  as  it  was,  it  wa.t  oeouio 
encFoaehed-upon  fltill  further  by  the  introduction  of  troopa  niwn 
march ;  and  afler  piieh  ocoaaiona  of  sfiecial  overcrowding,  a  targe  i 
iu  the  mortality  almost  iuvariablv occurred.     But  since  the  bamtck-i 
modation  has  been  improved,  the  troops  quartered  at  BeUary  h*ve< 
to  suffer  from  cholera  in  any  exceptional  degree,  and  the  ordinaiy  ntll 
mortality  has  l>een  considerably  diminislied. 

332.  The  only  condition  of  atmosphere  which  can  be  compsTed 
that  arising  fi-om  overcrowding,  in  its  effect  upon  the  spreiid  of  Choh 
is    that   pi'0<luce<l    by   the    diffusion    of  the    elllu\-ia    of  driiini.  s«vf 
ehiughter- houses,  manure- manufactories,  etc.,  which  correspond  cloeelt  ■ 
their  nature  and  effects  with  the  putrescent  emanations  from  the  lii 
human  body.     So  remarkably  has  the  localization  of  the  disoue  i 
itself  to  be  connected  with  this  condition,  that  the  knowledge  of  I 
eKJstenoeof  the  latter  makes  it  safe  to  pi-edicl  the  fomier;  such  apredic 
being  scarcely  ever  falsified  by  the  result. ^.4.a  a  characteristic  illii 
tion  of  the   operation  of  this  cause,  the  outbreak  of  Uholeni  at  Alh 
Terrace,  Wandsworth-road,  in  IS+'J,  may  be  specially  referred-to. 
place  consisted  of  17  hou.ses.  having  the  appearance  of  commodious  mid 
class  dwellings;  the  population  does  not  seem  to  have  ave 
than  7  individuals  per  house,  so   that  there   was  no  overcrowi 
out  of  the  total  119  or  130,  no  fewer  than  42  persons  were 
with  cholera,  of  whom  30  (or  25  per  cent.)  died.     It  was  not  diffinilt  i 
account  for  this  fearful  result,  when  the  circumHtances  of  the  cue ' 
iuquired-into.      About  200  yards  in  the  real"  of  the  terrace  was  an  i 
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aewer,  ■whoae  effluvia  wevu  most  offtnsive  at  the  backs  of  these  lioiiatis, 
wbeoever  the  win  J  waftol  them  in  that  direction;  and  the  drainagu  of 
the  houses  themselves  was  so  bad.  that  a  Htencb  wna  coutitinallj'  [ler- 
ceived  to  arise  from  different  [Mirta  of  the  kiteheu-floor,  and  more  espe- 
cially from  the  back-kitchen.  Moreover,  in  the  house  in  which  the 
first  case  of  cholera  occurred,  there  was  an  enormous  accumulation  of 
most  offensive  rubbish,  exhaling  a.  putrid  effluvium.  And  there  was 
also  reason  to  believe,  that  the  water  supplied  to  some  of  the  houses  had 
scciiientallj-  become  contaminated  with  the  contents  of  a  sewer  and  cesa- 
pool.* — The  accumulation  of  night-soil  and  other  rubbish  in  a  triangular 
■pace  of  about  tliree  acres  in  Witham,  a  Huburb  of  Hull,  ha<l  been  repre- 
Aeotcd  to  the  local  authorities  as  almost  certain  to  induce  a  severe  out- 
break of  cholera  in  the  neighbourhood;  the  prediction  wiw  iliaregarded ; 
but  it  was  most  feai-fully  verified  by  tlie  accurreucc  of  no  fewer  than 
91  deaths  in  its  immi'iliate  neigh bourhood.t — Numerous  examples  of 
the  same  kind  might  be  cited ;  but  tlie  following  sliows  the  elhcacy  of 
preventive  measures.  The  ColillHtth-fiehis  House  of  Correction,  situated 
in  the  neighbourhood  of  some  of  the  most  overcrowded  and  ill-drained 
parts  of  the  roetrnpolia,  hml  siitiered  severely  from  Cholei-a  in  the 
ejiidemic  of  1832-3;  for  out  of  11+8  prisoners,  '2l>7  were  attackeil  with 
cholera,  of  whom  45  died,  and  31!)  more  suffered  from  diarrhiBa.  At 
that  period,  however,  it  was  discovered  that  the  whole  dntinage  of  the 
prison  was  in  a  most  defective  state,  and  steps  were  taken  to  have  it 
completely  and  effectually  renewed;  at  tlie  same  time  the  diet  was 
aomewhat  improved,  and  more  attention  was  paid  to  tempentture  and 
rentilation.  In  the  epidemic  of  18-48-9,  with  1100  priaoners,  there  was 
not  a  idngle  case  of  cholera  in  this  prison,  although  the  disease  was  raging 
in  ite  vicinity;  and  the  cases  of  diarrhtEa  were  few  in  number,  and  were 
mild  in  their  eharacter.J 

333.  The  Cholera-experience  of  the  United  States,  during  the  Epi- 
demic 'if  lS49-50.5ftlI'orded  some  of  the  most  striking  examples  that  have 
been  anywhere  ilisplayed,  both  of  the  dire  effects  of  neglect,  and  of  the 
Complete  efficacy  of  preventive  measures.  The  contrast  ia  well  shown  in 
the  manner  in  which  tile  epidemic  affected  the  town  of  Jjouisville,  in 
Kentucky;  which  is  situated  by  the  Ohio  river,  on  a  plateau  about 
70  feet  above  low-wat*r-niark,  coniposeil  of  sand  and  river-gravel,  inter- 
min^ed  with  tenacious  clay,  and  reposing  on  a  friable  shale.  This  com- 
pound is  peculiarly  tenacious  of  moisture ;  and  large  ponds  formerly 
existed,  in  the  midst  of  which  the  first  houses  were  built.  While  this 
Hate  of  things  continued,  Louisville  was  one  of  the  most  sickly  towns 
in  the  Mwsissippi  valley,  and  was  commonly  termed  "  the  graveyard  of 
the  West."  Intennittent  fever  was  a  regular  visitant;  and  epidemics 
of  fever  of  other  types  frequently  raged  witli  great  severity.  Thu.si,  in 
the  summer  of  1 822,  after  &  hot  rainy  seaain,  333  persons  died  of  biliouB 
fever,  out   of  a   population   of  about  dOOO ;  in  a  family  consisting  of  30 

"  "  Beport  of  tli«  Oenersl  Buard  at  He&lUi  on  ibe  Eiiidemic  Cholei*  of  1818-9,"  p.  43. 

t  Op,  rit..  p.  *5. 

i  op.  fit.  App.  B,  p.  68. 
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persona,  19  iren  rack  nt  one  time,  and  in  some  familioB  every  ludiviiliall 
dieiL  At  ihis  period,  only  one  street  in  Louisville  waa  poved ;  anil  irilliial 
ite  limits  were  at  lenst  eight  ponds  of  givater  or  less  diniensiona,  mint  > 
■which,  in  the  oouree  of  the  autumn,  were  dried-up,  expo»ng  foul  1 
to  the  sun.  Previously  to  the  Cholera-epidemic  of  1S32-3,  it«  oan 
bad  been  somewhut  improred;  atill  the  principal  part  of  the  tovn  i 
eeverely.  Much  more,  however,  has  hoen  subaeijuently  eflected|  m  ( 
from  being  reputed  one  of  the  most  unhealthy  towns  in  the  west,  , 
ville  has  oome  to  be  esteenied  one  of  the  meet  healthy:  at  the  nune  i 
its  population  has  inoreasod  from  10,000  in  IS30,  to  50,000  in  1( 
Entire  squares  are  now  pointed-out,  whioh  occupy  the  beds  of  pond"  i 
Isrge  and  deep  enough  to  float  a  steamboat  Still  much  at' ' 
part  of  the  city  is  in  a  very  foul  condition;  the  ground  on  wi. 
hnilt  being  saturated  with  water  to  a  cunsiderable  deptL  afiwr 
rains,  and  being  also  the  receptacle  of  the  filthy  wtshlngs  of  lb*  ! 
elevftt«d  portion  i  lusides  Laving  many  nuiBunces  of  its  own, 
aecnniulationa  of  decaying  hemp-offiJ.  It  waa  in  this  part  th«l ' 
first  mad^  ita  appearauce  in  1849,  in  the  identical  square  in  wliidil 
earliest  cuses  had  appeared  in  1833;  and  to  this  part  it  whs  >In 
entirely  restricted.  "  TTiote  ptacee  in  LouimrilU,"  a«y»  the  M' 
Reporter,  "  irhieh  hart  tlie  brunt  of  tht  Cliotera  in  1633,  luui  toUdk  i 
betrt  improved  »o  an  to  be  dry,  dean,  and  tir>/,  hav«  been  a*  ^^wf  j 
Cholera  a»  from  the  oritnlal  plague.  Sul  iho»e  placet  in  (Aia  Mty  i 
«wrs  toouTged  in  1 833,  and  which  reauiin  noio  in  the  Mate  the;/ 
ih^n,  have  been  ncnm/rd  again  in  \HiO-5(i." 

3.'^4.  A  yet  more  remarbibte  contrast  is  presented  by  the 
rative  experience  of  the  City  and  of  the  AJnishouse  of  Bait 
During  the  spring  of  1 649,  wheti,  from  the  prevalence  of  Cholera  in  1 
great  towns  to  the  north,  it  appeared  next  to  certain  that  the  ep 
would  visit  Baltimore,  not  only  its  public  anthoritiea,  but  its 
generally,  exerted  themselves  with  commendable  i«U  to  ward-flff  i 
severity  by  active  measures  of  sanitary  purification,  Although  in  i 
respects  superior  to  the  average  of  large  towns,  Baltimore  waa  by 
means  free  from  those  collections  of  filth  invariably  found  to  a  gr 
or  less  eitcnt  among  the  most  di^raded  portion  of  their  po]>iilBXi<m; 
and  of  llie  evil  results  of  these,  the  constant  presence  of  typhoid  ierrJ 
among  the  miserable  coloured  inhabitants  of  its  worst  localities,  had  hi 
furnished  a  standing  proof.  During  the  summer  months,  when  the  > 
was  completely  surrounded  by  the  Choleraic  atmosphert;,  diarrho 
kindred  affections  became  very  prevalent  in  fiiiltimore ;  and  Dr.  Wyi 
further  mentions,  as  of  universal  occurrence  in  those  who  had  not 
positive  attack  of  diarrhcea,  "an  undefinable  sense  of  oppreesiou. 
amounting  to  pain,  over  the  whole  region  of  the  abdomen,  rec 
the  person  constantly  of  the  existence  of  such  apart  of  the  body," 
state  of  tilings  impressed  the  Medical  authorities  with  tlie  belief ' 
the  Choleni-poisou  waa  brooding  over  the  town,  and  that  an  ootbnikl 
might  be  continually  expected.  Yet  it  entirely  passed  awAy,  witbott] 
giving  rise  to  more  than  four  attacks  of  genuine  Cholet« ;  two  of  thrt»  f 
being  in  the  persons  of  Germans,  who  occupied  a  wretched  tenenieut  ii 
a  very  filthy  condition;  the  third  case  being  that  of  a  tuan, ' 
sleeping  apartment  looked-out  upon  an  alley  which  had  been  BuSiralK 
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remniii  in  a  very  foid  state;  whilst  the  fourth,  which  occurred  in  the 
largest  M»<i  most  fashionable  hotel  in  the  city,  whs  obviouHly  an  iniported 
case, — Yet,  as  if  for  tlie  reiy  purpose  of  demoUHtratiiig  that  the  im- 
raimitj  which  the  City  itself  eLJriyetl,  was  entirely  due  to  the  sanitary 
precautious  which  its  inhabitants  had  so  wisely  taken,  a  fearful  outbraai 
of  Cholera  took  place  in  the  Almshouse,  only  two  miles  out  of  town, 
which  proved  fivtal  to  99  persons  out  of  a  population  of  <)33,  or  neurit/ 
one  in  aix;  and  it  was  only  kept  within  this  limit,  by  the  promptueaa 
with  which  thfi  Bourees  of  this  terrible  mortality  were  remove<I,  wheu 
once  tliey  had  been  dLseovered. 

33S.  The  circuniataucea  of  this  outbreak  were  bo  peculiar,  aa  to  need 
*  soniewbut  detailed  description. — ^Tbe  main  buihhng  of  the  AlinahouHe 
was  originally  the  country -Beat  of  a  wealthy  eiti7,*n,  who  erected  a  costly 
mansiun  ou  an  elevated  site  which  ho  bad  specially  chosen  for  its  lieauty 
and  heal thfuln ess ;  it  had  subsequently  been  much  enlarged,  for  the  accom- 
modation of  its  six  or  seven  hundred  inmates:  hut  it  still  remained 
entirely  isolated,  being  surrounded  by  a  farm  of  200  acres,  for  the  most 
part  devoted  to  cultivation.  From  the  original  centre,  two  principal 
wings  extended  on  either  side,  one  for  the  male  and  the  other  for  the 
(eomle  side,  forming  an  extensive  range  of  building,  whose  front  had  a 
■Duthem  aspect,  whilst  the  hack  looked  towards  the  north.  Hebiud  this 
were  other  wings  running  north  and  south,  with  varions  offices,  aprend 
OTer  an  area  of  about  4^  acres,  which  vfns  encltjaed  by  a  wall  Lite  tjie 
rity  ilBdf,  the  Almsbouae  had  received  a  thorough  pur ih cation,  under 
the  superintendence  of  the  visiting  physician;  whoso  <lirectionB,  as  regarded 
tilation  and  internal  cleanliness,  seem  to  have  been  strictly  complied 
[■wjth.      Nevertheless  an  unequivocal  case  of  Cholera  presented  itself  on 

uly  Ist,  anothi^r  on  July  7th,  four  more  during  the  ensuing  week,  and 
«n  July  14th  thirteen  of  the  inmates  were  attacked  at  onoe.  All  tbo 
putients  were  old  inhabitants  of  the  establishment,  and  had  unet^nivo- 
cally  coDtmcted  the  disease  on  the  spot ;  but  although  fully  imprc&W 
with  the  conviction  that  some  special  cause  must  exist  for  this  rapidly- 

icrcftsing  mortality,  the  visiting  physician  did  not  succeed  in  detecting  it 
^tmtil  the  19th,whon  he  e.ttended  his  survey,  forthe  first  time,  beyond  tho 
enclosure.  He  then  discovered  that  the  whole  triangular  sjioce  included 
between  i(«  posterior  boundary- wnU,  and  a  ravine  which  apjjroached 
within  nine  feet  of  its  western  angle,  but  wliich  was  Be[>arated  from  its 
«Bat*m  angle  by  an  interval  nf  about  seventy  feet,  was  one  putrid  and 
petlilenlial  moM,  capable  of  generating,  under  the  ardent  rays  of  a  ntid- 
nnnmer  sun,  the  most  poisonous  emanations ;  for  although  the  ravine 
w«a  admimbly  adapted  to  carry-off  the  ilrainngo  of  the  eatablialiment, 
tJiia  had  never  been  properly  conducted  into  it;  the  overfiowings  of 
eesepools,  pigsties,  ic,  having  been  allowed  to  spread  themselves  over  the 
intervening  area,  which  they  kept,  of  course,  in  a  state  of  constant  pol- 
lution, snpcrticially  couoeided  by  a  rank  weedy  vegetation.  Some  difficulty 
was  experienced  in  procuring  men  to  remove  this  nuisance,  so  that  it 
retnained  untouched  till  the  23rd.  The  pools  of  filth  were  then  drained 
by  trenches  into  the  ravine,  and  were  washed-out  by  a  stream  of 
frf^  water;  lime  was  spread  over  the  whole  surface;  and  this  again 
ir««  covered  with  a  thick  layer  of  earth.  The  men  employed  in  this 
work  were  attacked  with  Cholera,  bnt  recovered.     The  day  q/Ier  it  toiM 
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compiled,  the  Dumber  of  c»sea  in  the  AIiDshoDse  siidileQij  dropped  btmi 
tUism  to  Ihn* ;  iind  within   a  fortnight  more,  the  disease  had   eotiRlj'J 
dirappeareil. — But  this  b  by  no  nu'ans  oil.     The  attacks  of  Cholen  ' 
fiir   t'nini   being  uniformly  distributed  through  the   buililing,  but  ' 
ftlmost  eiciiisively  n«trict«d  to  those   parta   of  it  which  wore  ilinollf 
espoac'd  to  the  etuunalious  coaveyt'd  from   this  pestilential  s}H>t,  \ij  1 
northerly  wind  which  blew  steadily  duriiic   the  whole  tiaie  of  the 
valence  of  the  disease.     Thus,  in  the  centre  building,  the  Uiuia|:i7,  »l 
slept  in  a  room  looking  to  the  north,  wai  attacked,  but.  recoverwl ; 
his  fiimily,  whose  rooms  looked  to  thi?  mnilli,  no  case  of  tb« 
occurred.     Four  meiHcal  students  who  occupied  rooms  benefttli ' 
the  iliinager,  and  with  the  some  expasure,  were  attacked,  but 
four  others,  lodged  in  ainiilar  rooms  with  n  southern  exposure,  (Wt 
eHCaped.     The  Apothecary  and  coauh-driver.  who  occupiisd  rnotiiJi  in  ' 
men's  wing  with  windows  opening  to  the  north,  were  both  ntt^i^-'"-! 
both  recovered.    Among  the  pauper  inioatesof  the  wings,  ibnv 
were  seized  who  slept  in  the  northern  wania;  and  it  waa  ol>MTt;ii 
the  male  aide  suffered  geueruily  much  moro  severely  than  tlip  frn 
difference  not  attribntjtble  to  anything  in  the  building  or  its  it 
but  at  once  explained  by  the  fact,  that  whilst  no  barrier  existed  betl 
the  male  side  and   the    putrid   marsh,  the  female  wing  was 
from  the  peatiteutiaJ  current  by  three  intenening   rows  of  tr«*«" 
the  female  side,  however,  a  building  ran  in  a  north  and  south 
of  which  the  lower  storey  had  a  door  in  the  north,  opening  ., 
the  putrid  niai'sh,  nhikt  the  upper  storeys  had  only  a  blank  wftll  at 
end:    this  lower  storey  waa  tenanted   hy  sefentfen  lunatieSf  aU  of  i 
were  attacked  willi  Cluotera,  ami  iiM  died,  whilst  not   a  single 
Cholera  took  place   among  the  inmates  of  its  upper  storeys, 
addition,  it  waa  noticed  that  the  removal  of  the  Cholera  pntimta  to  I 
ward  above  the  black  people's  hospital,  where  the  miasmatic  iufln 
was  entirely  unobstntcI«d,  vaa  attended  with  a  marked  aggnmtinal 
their  malady. 

336.  Now  although  the  Cholera-epidemics  have  been  here  rrfei 
as  affording  the  roost  remarkable  examples  of  the  influence  of  a  i 
nated  atmo^iliere  in  pre<lisposing  the  individuals  habitnallj  livitig  Ht 
to  the  invasion  of  Zymotic  disease,  yet  the  evidence  is  not  Ie«e  rtnwgl 
re^rd  to  the  uniform  prevalence  of  oniinary  Fevers,  &c.,  in  tite 
localities ;  the  places  in  which  Cliolera  ■was  the  most  serere,  haTtBg  1 
almost  invariably  known  as  '  fever-nests '  in  other  periods,  and 
distinguished  by  a  veiy  hi;;h  rate  of  mortality.  Thus  the  avenge  tfH 
ell  persons  who  die  in  Witham,  is  only  18  years;  whilst  the  arengai 
at  death  in  the  town  of  Hull  {itself  distiuguifhed  by  an  unusual 
of  life)  is  23  years.^In  the  '  Potteries'  at  Kensington,  a  loculity  in ' 
filth  and  overcrowding  prevail  to  an  almost  unequalled  degree,  the 
tality  for  three  years  previously  to  the  invasion  of  cholera  had  becB  > 


*  These  prohitblj  acted  not  mere';  mechuiicnlljF,  Ij  uhetractiDg  tlie  cnmnl,  W 
GbemicallybfdecnmpoiiDgDroiiilatiD):  lliu  m^iiniu  enuuiatiuui.     For  it  hub«B 
TenuTkeil,  that  ■  screen  or  belt  v(  amlirageuiin  Ireei  nSrcbailj  atcaret  tlie  dmllm 
borden,  mod  vvsn  ua  the  Je^vard  iiide,  of  the  lao^t  pestiferouH  manfaM,  bam  the 
their  mkUrin.      Btiw  &t  tbcj  Lstg  tLe  nnii:  iuflucDce  on  aniatal  dnfia,  we  ara  Ml 
in  >  poritton  to  state. 
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;  the  ftverage  age  at  tleiith  was  only  1 1  yra.  7  mo. ;  nnd  in  tlie_A'j-»(  ten 
of  1 8+1),  out  of  a  ]jo]jiilution  of  about  1  ClOU,  there  were  50  deaths, 
of  which  21  were  from  eholt'ru  uaU  diarrhffift,  ami  29  from  typhus  fever 
and  other  dise»sea.  It  is  ilhistrative  of  the  common  points  between  cholera 
and  other  lyraotio  disenaes,  that  the  former  appeared  there  not  ouly  in 
the  aaine  streets  and  in  the  aame  houses,  but  even  in  the  aame  i-ooma,  which 
luLcI  been  tignin  and  again  visited  by  typhuit;  and  there  were  xeveiu] 
tciuntis  of  such  rooms,  who  only  recovered  from  fever  in  the  spring,  to  full 
Tietima  to  cliolera  in  the  summer.  Sul.isequently  to  this  epidemic,  this 
average  age  at  death  has  been  further  redueeJ,  by  an  increaae  of  infantile 
mortality,  to  as  low  as  10  years. — By  way  of  contrast,  it  may  he  stated 
thai  in  one  of  the  "  Moilel  Lodjjing- 1  louses,"  containing  ahoiit  ,'J6(I  iu- 
mat«a,  among  whom  was  an  tmusually  large  proportion  of  children,  the 
ml*  of  mortality  iliiring  the  three  years  ending  May,  1651  (including  the 
whole  period  of  the  cholera-ejiidemic),  was  searcx'ly  more  than  20  in  1000; 
the  proportion  of  dfsatha  under  ten  years  of  ngts  was  only  hitlf  thiit  of  the 
nielropolis  in  general ;  there  was  not  a  single  attack  of  clioleni,  and  there 
were  only  a.  few  cases  of  choleraic  diarrhceo,  althongh  the  disease  waB 
nspng  in  the  immediate  vicinity;  and  from  the  time  that  the  sewerage 
had  been  put  into  comi'Iete  onier,  typhus  fever  had  entirely  disappeared, 
a  few  cases  having  occurred  stion  after  the  opening  of  the  buildings,  which 
were  distinctly  traceable  to  a  defect  in  the  drainage."— The  following  case 
may  be  added,  in  jiroof  of  the  jwtency  of  an  atmosphwe  charged  with 
putrescent  emanationn,  in  rendering  the  system  liable  to  the  attacks  of 
Zymotic  diseases  of  various  kinds.  A  nuinufaetory  of  artificial  manure 
formerly  existed  immediately  ojiposite  Christchurch  workhouse,  Spital-. 
fioUIs,  which  building  was  occupied  by  about  iOO  children,  with  a  few 
adult  paupwB.  Whenever  the  works  were  actively  carried-on,  [larticu* 
larly  when  the  wind  blew  in  the  direction  of  the  house,  tlicre  were  pro- 
duced numerous  cases  of  fever,  of  an  intractable  imd  tyfihoid  form;  a 
^rphoid  tendency  was  also  ohaervable  in  measles,  siuall-pox,  and  other 
inikutile  diseases,  and  for  some  time  there  prevailed  a  most  unmanageable 
■nd  ftttjil  form  of  aphthre  of  the  mouth,  eniliug  in  gangrene.  From  this 
last  cause  alone,  12  deaths  took  place  among  the  intants  in  three  months. 
In  the  month  of  December,  1848,  when  cholera,  had  already  occurreil  in 
the  neighbourhood,  CO  of  the  children  in  the  workhouse  were  suddenly 
seued  with  violent  diarrluea  in  the  early  morning.  The  proprietor 
vas  compelled  to  close  his  establishment,  and  tlie  children  returned  to 
their  ordlDary  health.  Five  months  afterwards,  the  works  were  rocom- 
menced  ;  in  a  day  or  two  sub9('i[nently,  the  wind  blowing  from  the 
msnniactory,  a  most  powerfiil  stanch  pervaded  the  building.  In  the 
night  following,  4o  of  the  Imy.'*,  who.'ie  durniitories  directly  faced  the 
manufactory,  were  again  suddenly  seized  with  severe  diarrhuea;  whilst 
tht  girls,  whose  dormitories  were  in  a  more  distjiut  jwrt,  and  faced  in 
aurtther  direction,  escaped.  The  mauufactory  having  been  again  sup- 
i|)nsMe<il,  there  was  no  subsequent  return  of  diarrhi.i'u.+ 

337.  It  may  not  be  amiss  to  add  a  few  examples  drawn  from  the 

•  •'  Op.  eit.,"  App.  B,  pp.  48  and  77  ;  iiDil  Mr.  Ominspr'a  flnhjwiinent  "  Hcport  on  lh» 
pttamt  itata  or  certain  pkrta  of  tlie  Melropolia,  aaci  an  Uic  MuUal  Lodging-HLiaseg  of 

Lona«ii."  pp.  29.  as. 
t  "  ItApvn  of  the  Buard  uf  Health  uu  Ckulern,  1S48-9,"  P-  4'2. 
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experience  which  our  Indisu  poseeasioua  have  aSblJtxl,  of  the  iiiA 
of  an  insuffiaicDt  supply  ol'  pure  air  upon  the  ordinary  mortaliit/  i 
army  and  among  the  people  under  our  controL — There  are  varitnui 
taiy  stations,  which  have  lain  under  a  most  iU-di?»erved   tv\ 
nnhealthineas,  in  consequence  of  the  very  imperfect  barradc-anc^s 
tion  afforded  to  the  troo[>s  quartered  in  them.     Thos  at   Secuaij 
in  the  Madras   conuuaad.  the  average   annual   mortality  for  the 
yenra  previous  to  1S46-7,  was  ~a  fier  1000;  this  being  nearly  tfooUtl 
average  of  the    whole  presidency,  and  nwre  timn  iloiihU  that  rf 
remainder  of  the  stations.     Now  the  complaints  made  year  ofl^r  year,  I 
tbt>  medical  olGcera  of  the  troops  which  have  been  suco^aively  qiar 
at  this  station,  leave  no  room  for  doubt  as  to  the  chief  caose  of  i 
excees ;  for   tbe   regimeuta  of  the  Line  quartered  at  SecimdeiahiMl 
been  always  crowded  in  barracks  quit«  insufficient  for  their  acoand 
tion.  one-tliird  of  the  men  having  bet-n  obliged  to  sleep  in  the  wr 
and  the  remainder  getting  by  no  means  a  due  allowance  of  fi  iwli 
whiLit,  on  tlie  other  hand,  the  Officen  of  these  very  re^mento,  vbo  i 
belter  accommodat«d,  and  the  detachment  of  Artillery  quart«nd  IB  1 
roomy  barracks  at  no  great  distance,  have  never  partidp«t«d  tn 
unusual   mortality,  thereby  clearly  showing   the  ab»Bnce  of  any 
causes  of  diseuee  at  this  station,  which  might  not  be  tiasily  ntiuov 
The  Bmrackpore  station,  in  tba  BengiU  command,  is  even  worse  i 
foregoing ;  for  every  regiment  quartered  there,  seema  to  anffer  an  i 
complete  «fccti/ia/io«  annuaJly.     Yet  there  is  ample  evidence,  that 
also  the  chief  fault  lies  in  tlie  barrack-acooramodaiion, — But  one  of  I 
most   terriljte  instances  of  the  contmuonce  of  a  high   r^te  of 
which  is  almost  entirely  attributiible  to  an  insuificient supply  of  air.  ill 
which  is  furnished  by  the  Gaols  under  British  conti-ol  in  India.    lo 
are  usually  confined  no  fewer  than  40,000  prisoners,  chiefly  nattva; 
the  average  annual  uiortiUity  of  the  whole  was  recently  10  jkh 
rising  in  some  cases  to  26  per  cenL,  or  more  than  one  injiiw,     Tib] 
easily  accouuted-for,  when  it  is  known  that  in  no  case  is  there  an  i 
of  more  than  3U0  cubic  feet  of  air-sjHkce  for  each  iudividool,  vhiU  J 
some  instances  TO  cubic  feet  is  the  miserable  average I'f' 

338.  One  more  set  of  cases  will  be  cited,  an  showing  the  mnrkodi 
of  the  habitual  respiration  of  a  contaminated  atmosphere,  not  mcnJji 
engendering  a  liability  to  zymotic  disease,  but  in  directly  pnxla 
special  form  of  iufiintile  spasmodic  disease,  of  the  most  fearful  nat 
The  dwellings  of  the  great  bulk  of  the  population  of  IctJand  ft*m  i 
constructed  for  the  express  purpose  of  jxiisoning  the  air  which  th^  I 
tain.     They  are  small  and  low,  without  any  direct  provision  for  ' 

*  It  is  A  reuiiirluibic  oanfinoBtion  of  tie  ticw  formerl;  t\m*A  i%  65).  Mtalbel 
of  the  habiltuiL  tvn  uf  AlcutiuUi^  liquon  to  tDduce  a  '  fumenlible '  cuHiUtiaQ  of  t^  I 
obftructiiig  tbe  eliniiDation  of  tlie  eSetc  matier^  b;  Lhe   respiraMrr  proocM  ({  IIS  ■ 
thatwlieD  tbe  Sitb  liegt..  wfaieh  is  JislinguiGbcd  fgr  its  (obnel;.  vuqnaitend  al  Si 
deislnJ  \a  1347-S,  it  1<irt  anlf  39  meu  out  u[  ll^e,  or  34 '2  per  luOl),  tin  »tni>  I 
Ulit;  uf  tht^  niher  atatinoH  in  the  FrandsDcr  beiiig  alxJUt  tbe  nnieaii  niiisL     Ob  (f 
band,  the  03rd  B^t.,  vbicb  was  ^&oiii  dtterviug  a  repalatioD  fur  tempemottt.  I 
75  nien  during  the  fint  nine  montltg  of  the  preceding  jear,  or  at  tbe  nts  of  TS'S  pa  ]i 
during  tbp  entire  jai. — AU  tbe  tsoW  here  alatod  in  regard  to  SBCUitdenbod,  tin*  I 
obtained  hf  the  Author  direct  fmio  the  Arm;  Uedictl  Balumt. 

t  Dr.  Haukinnon'E"  Treatise  oD  the  Public  Health,  kn.,  of  Bengal, "  CkwBpo^  IH^I 
chap,  1- 
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tioQ,  the  door  SL-rving  iJike  as  wiuilow  and  chimney;  the  walla  and  roof 
let-in  the  riijn,  which  the  floor,  chiefly  coinjiOHed  of  hardened  aheep-dimg, 
suefcB-ui' ;  the  sainB   room  guiienilly  Btn-ea  for  all  the  uaea  of  the  whole 
family,  and  not  only  for  the  human  part  of  it,  but  frequently  also  for  the 
sheep,  which  are  tbu3  housed  during  the  severer  part  of  the  winter.    The 
fiiel  ©mployud  in  the  coiuitry  districta  chiefly  conaiata  of  cow-dung  and 
shoep-dung,  caked  and  dried;  and  neai-  the  sea-coast,  of  the  bones  and 
rcfriae  of  dah  and  sea-fowl ;  producing  a  stench,  which,  to  those  unacoiis- 
tomed  to  it,  is  completely  insupportJible.     In  tuldition  to  this,  it  may  be 
mentioned  that  the  people  are  noted  for  their  extrfinie  want  of  persouftl 
cleanliness ;  the  same  garments  (cliiefly  of  black  flannel)  being  worn  for 
moothawithout  being  even  taken-off  at  night,  Such  an  assemblage  of  uniit- 
VDurable  conditions,  combined  with  the  cold  damp  nature  of  the  climate, 
might  have  been  expected  to  induce  tube-rcular  diseases  of  various  kinds; 
but  from  thijse  the  Icelanders  appear  to  enjoy  a  special  exemption  (§  57  III). 
Syphilis,  also,  ia  wanting,  or  nearly  so;  and  yet,  notwithatandiug  that 
tie  number  of  births  is  fully  equal  to  the  usual  average,  the  jiopuliitiou 
is  siationary,  and  in  some  |»rt8  actually  diminishing.     This  ia  pwtly  due 
U>  tlie  extent  and  fatality  of  the  epidouiio  diBcimia,  of  which  some  one 
or  other  ajireiids  through  the  ialaiid  nearly  every  year;  but  it  is  chiefly 
owing  to  the  extraordinary  mortality  of  infantB  from  TriminumtuceiUivm, 
which  carries-off  u  large  proportion  of  them  between  the  tifth  and  the 
twelfth  days  after  their  birth.      It  is  in  the  little  island  of  Westmanuoe 
Utd  the  opposite  jiarts  of  the  coast  of  Iceland,  where  the  biiTl-fuel  is  used 
all   the  year  nuuid,  instead  of  (as  elsewhere)  during  a  few  months  only, 
that  this  disease  ia  most  fatal;  tjie  average  mortahty  for  the  last  twenty 
yeara,  duriug  the  first  twelve  days  of  infantile  life,  being  no  less  than  6i 
per  cent,  or  nearly  Iwo  uut  uf  three.* — Now  it  is  not  a  little  remarkable 
that  the  very  same  disease  idiould  have  prevailed,  under  conditions  almost 
Idpntieally  the  same,  in  the  island  of  St.  £ilda,  one  of  the  Western 
Hebrides;  the  stat^  of  which  was  made  known   by  Mr,  Maclean,  who 
visited  it  in  183S.     The  population  of  this  island,  too,  was  thminishing 
nther  than  increasing,  in  couseiiuence  of  tlie  enormous  intantile  mortality; 
Jiittr  Old  of  every  Jive  dying,  from  Trismus  nascentiuni,  between  the  eighth 
and  twelfth  <LiTs  of  tht'ir  esLitenoe.     The  great  if  not  the  only  cause  of 
this  mortality,  was  the   cont4unination   of  the   atmnsphero  by  the  filth 
aini<lst  which  the  [jeo]>le  lived.     Their  huts,  like  those  of  the   leelanderu, 
were  amail,  low-roofed,  and  witliout  windows ;  and  were  used  during  the 
winter  aa  stores  for  the  collection  of  majiure,  whioh  was  carefully  laid-out 
QpOQ  the  flooi*.  and  tro<lden  imder  toot  to  the  dejith  of  sevenil  feet.      On 
the  other  liand,  the  clergyman,  who  Lved  exactly  as  diil  those  around  him, 
exoept  aa  to  the  condition  of  his  house,  had  brought-up  a  family  of  four 
childnini  in  perfect  health  ;  whereas,  according  to  the  average  mortality 
amiuid  him.  at  least  three  out  of  the  four  would   have  been  dead  within 
the  first  fortnight. — Of  the  degree  in  which  this  teai-fuldiseiise  is  dependent 
upon  impurity  of  the  atmosphere,  and  is  preventible  by  adequate  ventila- 
tion, abundant  proof  is  aflbnied  by  the  experience  of  Hospitals  and  Woi'k- 
haiues  in  our  own  country.  Thus  in  the  Dublin  Lying-in  Hosjiital,  up  to 
iheyear  lT82,the  mortality  within  thefirst  fortnight,  almost  entirely  from 

•  gw  "Iilonil  UDdetsi>et  ba  iKesridenilubeU^  Sjnspunct."    Af  P.  A.Subluiner,  H.D. 
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Trismus  naawntitim,  wiis  1    iu   every  G  children   boni.      Tlie 
luider   tlie  diivction   of  Dr.  Joseph   Clarke,  of  nn  imppcved 
ventiiatiou,  reductd  the  proportion  of  deaths  from  this  cause  to  1  in  I) 
And  t'lirthtir  imjiroi  ementci  in  '\'oiitUatioi),  with  increased  attcDti«&  tal 
deitutiuees,  during  the  ^ven  years  In  whloh  Dr.  Colliiis  was  MmW  i 
this  Iiistitutiou,  reduced   the  number  of  deatba  fi-om  this  dise&w  t»  I 
more  thim  threeor  four  ye&rly.* — ABiintlarajneliomtioDtookpUcoi 
a  wmtury  ago,  in  the  condition  of  the  London  Workhouses,  in  which  1 
out  of  24  inDinta   had  previoiisiy  died  within  the  first  year,  Blitl  a  I 
proportion  of  these  within  the  fij^  moiitli :  for  owing  to  a  {larlianionfi 
inquiry  which  was  called-forth  by  thia  learfti]  stnte  of  tilings,  tbe  ] 
tioQ  of  doatbi)  was  speedily  reduced  {chiefly  by  improvement  in  Teut 
from  2iJ0U  to  4  jO  annually. 

339.  Tlius  it  appears  that  In  all  climates,  and  under  all  condition*  < 
life,  the /lunYi/ q/' (/<e  atiiiorjiltere  hahituully  respired  la  esfscutial  lo 
nuiintenance  of  that  power  of  resisting  disease,  which,  even  more  than  I 
ordinary  state  of  health,  is  a  measure  of  the  real  vigour  of  the  i 
For,owing  to  thoextnuirdinary  capiibility  which  the  human  body  ] 
of  acoommcidiiling  itself  to  circum-stflutes,  it  not  unfrequmtly 
thut  individual'*  continue  for  years  to  breathe  a  mast  unwholesnme  iti 
sphere,  without  aiijiarently  suffering  from  it;  and  thiLi.  wlien  they  U I 
succumb  to  some  Epidemic  disease,  thoir  death  is  attribiit<>d  sololy  i 
the  latter ;  the  previous  preparation  of  their  bodies  for  the  recejition  i 
development  of  the  zymotic  poison,  being  altogether  overluuknl  It  I 
imposible,  however,  for  any  one  who  carefully  exominoi  the  eviden«i  ( 
lieaitiito  for  a  momant  in  the  oonctusion,  that  lliu  fatality  of  Epidemiee  i 
almost  invariably  m  precise  proportion  to  the  degree  in  which  an 
atraoqihere  has  been  habitually  respired ;  that  an  atmosphere  loaded  t 
putrescent  miiismata  may  afford  a  nidus  wherein  amnotic  poison  un 
goes  a  miirked  increase  in  quantity  and  intensity,  the  putrescent  ex 
tions  from  the  imigs  and  skin  of  the  living  subject  being  nt  least  i 
effectual  in  fumishiu;:;  such  a  'nidus,'  as  are  the  emanations  from 
discharges  or  from  other  decomposing  matters;  that  the  habitual  j 
tion  of  such  an  atm"si>hero  tends  to  induoo  a  condition  of  the  bl 
which  renders  it  peculiarly  aa'weptible  of  perversion  by  the  intnubiotiti 
of  ^Tnotic  poisons,  and  which  favoiira  their  multiplication  «'ithin 
syHtem;i'  and  laiitly,  that  by  due  attention  to  the  various  means  of] 
moting  atmospheric  purity,  and  especially  by  efficient  ventilatiuo 
sewera^'e.  the  rat«  of  mortality  may  be  enormously  decreased,  the  uiuuu 
and  severity  of  sickness  lowered  in  at  least  an  equal  proportion,  and  I 
fatality  of  epidemics  almost  completely  annJhilatecL  And  it  cannot  1 
too  strongly  home  in  mind,  that  the  efficacy  of  such  prrrfnlivt 
bas  been  most  fully  substantiated,  in  regard  to  many  of  the  very  ' 

•  See  Dr.  ColUob'a  "Practical  Treatise  on  Midwifarj,"  ji.  513. 

f  A  rsRful  fonsiileratiun  of  the  Terj  eatiaf&etury  evideace  vUch  hai  bfen  aTldl] 
collected  oa  Ihis  pouit.  iuubC  (in  the  Aulhur'n  tpiniou)  sstisf]' an;  (^Hnf>«tnU  (lid  ■ 
juf/iVrff  iDqnJrer.  that  Eudenuc  Perers,  urigiuat^itg  in  Itxal  canwa  ^mu«b  ouutiutati 
like),  anil  at  tint  affoetiag  thou  oalf  who  are  exposed  to  such  niuea,  ma;  ftoJ,  hjt 
cruwding-tD^fethLTof  iafectcdaubjeati,  a  mdiu  fur  derelopment  within  the  HniiBaqaM 
»  Uiat  tlieu  diaeama  Mm  Iwcomc  commanicnble  hy  hnmun  intermarK,  klthmid)  aitwl 
origiiialtjr — Pora  digcaexwu  "f  thia  EubJF^t,  fuii  thu  Articles  on  '  Yellow  Petsr' aal  di  f 
'Fererof  Bo*  Vista,'  ia  the  "Brit,  aad  Pur.  Hed.-Chir,  Bev.,"  vola.  L  E  sad  tr. 
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in  which  the  ciirat'iee  power  of  Medical  treatment  hfw  sueiiied  most 
iloublfiil  1  as  for  extmiplt!,  iu  Cholera  aiiJ  Maligtiant  Fovere, — Tlie  [irnc- 
tinil  impirtauce  of  tlii»  iiulijcct  may  be  estimated  from  the  Htm-tliny  fitct, 
which  t'liiiuiries  prosecuted  under  the  direction  of  the  Board  of  Ilenlth 
hnve  recently  brought  to  light;* — viz..  that  the  d'lfffTtiice  in  tho  imniiiil 
wte*  of  mortality,  between  the  most  h(!althy  and  the  most  unh<-althy 
looilities  in  England,  amounting  to  no  less  than  34  in  lUIIU,  m  almost 
entirely  due  to  Zymotic  diseases,  whieh  might  be  nearly  (if  not  com- 
[iletely)  eit«rminn.ted  by  well-devifted  sanitary  arrangements.  The  Uiwent 
actual  mortality  ia  11  jut  1000,  while  the  higlieat  ia  45  per  1000;  and 
between  these  extremes,  there  is  e^ery  inteiiuediate  degree  of  range. 
Bnt  what  may  be  termeil  the  iiu^vituhlc  mortftlity, — aiising  from  disejises 
which  would  not  be  diri;ctly  affected  by  Sanitary  injiiroiemeutH— is  a 
nf^rly  conalaiU  quantity  throughout;  uamely,  the  11  jjer  1000  of  those 
dintricta  which  are  free  from  Zymotic  diseaae.  The  average  mortality  of 
all  England,  in  onlinary  years,  ia  about  32  per  lOUO,  or  just  double  that 
(o  which  it  might  lie  reduced;  so  that,  taking  the  population  of  England 
and  Wales  (as  by  the  last  Census)  at  nearly  18  milliotiH,  the  average 
■nti'iftl  mortality  muKt  be  31)3,000,  of  wliich  only  lltt^iOOU  a  i/uivUttbU, 
•a  niual  amount  being  /rrcvi-ntible. 


CHAPTEB  Vin. 

OF    NDTlilTION. 

1. — General  Camiderations, — formative  Power  <>/  Indivitlual  Paris. 

340.  The  function  of  Nutrition,  considered  in  the  widest  at'ceptatiou 
of  the  term,  includes  that  whole  series  of  ojjerations,  by  wliich  the  alijnen- 
tary  materials, — pre|tared  by  the  Digestive  process,  introduced  into  the 
qriterD  by  Absorption,  and  carried  into  its  peitet-ralia  by  the  Circulation, 
— «re  oonvert^il  bito  Urganized  tissue :  but  in  a  more  limited  sense  it 
in»y  be  under«torHl  as  referring  to  the  last  of  these  o[)erationB  oidy,  that  of 
Uiiloijenenit  or  tissue- formation,  to  which  all  the  other  organic  functions, 
in  to  in-r  as  they  are  concerned  iu  maintaining  the  life  of  the  individual, 
are  suluwrvieut,  by  preparing  and  keeping  in  the  requisite  state  of  purity 
the  materials  at  the  expem*  of  which  it  takes  jilace.  It  is  shown  else- 
where (Prisc.  op  Gen,  I'iiys.),  that  every  integral  part  of  tlie  living 
body  posse!«!H  a.  ('ertiin  capacity  for  growth  and  development,  in  virtue 
uf  which  it  piviBW  tlirough  a  series  of  BUCf-easive  phases,  under  the 
iulluence  of  the  steady  Heat,  which  in  the  warm-blooded  animal  ia  con- 
vtaiilly  acting  upon  it;  this  capacity  being  an  endowment  which  it 
durivuH  by  direct  descent  from  the  origiiud  germ  (cHAI".  XVL),  but  undergo- 
ing n  gradual  diminution  with  the  advance  of  life  (oiLAP.  XVIli.},  until  the 
power  of  iiutinteiiaiice  ia  no  longer  adequate  to  antagonize  the  forces 
thai  tend  to  the  dhtiu/egroMott  of  the  system.  It  haa  been  also  shown 
(chap,  v.),  that  notwitliBtAnding  the  diversities  in  the  structure  and  com- 
poflitiou  of  th«  several  tissues,  the  Blood  Bupplies  the  materials  wliich 

*  3«B  '■  SnmaittTT  iif  KjjioricinL'c  on  Diseitw,  uict  Companitiva  Ratei  of  Mortititj,"  bj 
Vniliua  Lee,  SapciiuleiuUug  Uupei-loi,  ISSl. 
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each  reqmrea ;  every  tissue  possessing  (eo  to  speak)  an  eleeliee  affimlf  bt  | 

some  particular  constitueats  of  tb&t  fluid,  in  virtue  of  wbicb  it  iiiMliiclftI 
them   from  it,  aad  appropriat^a  them  to  ita  own  uaeH. — But  it  hw  I 
Bhown,  on  the  other  hand,  that  the  '  forraatire  capacity'  does  not  elol  n 
the  tissues  ft]ouo.  but  ia  shared  by  the  Blooii,  which  must  itaelf  be  I 
aa  deriviiig  it  fivim  the  original  gemi;  for  there  are  certain  siinple 
of  tissue,  which  appear  to  take  their  origin  directly  in  its  plastic  i 
ponents  {§  19S).     Of  otiiers,  wlilch  cannot  be  suid  thus  to  originate  in  i 
blood,  the deveiopmeul seems  ta  he  entirely  determined  by  theqiianlilv* 
their  xpeciat  /ml/iitii  which  it  may  coutain.     ThuH,  an  increase  of  Adij 
tissue  takes  pluee,  wlieu  the  blood  Labituatly  iuciudes  an  unusual  i 
of  fat;   an  augmeutation  iu  the  proportion  of  the  Red  Corpusclca  i 
Moud  may  be  distinctly  observed  (eepeciully  if  it  has  been 
diminished  undtdy),  when  an  additioniU  supply  of  iron  ia  affordod  ({ ] 
and  when  one  of  the  Kidneys  has  been  removed,  or  is  prevented  li;  < 
from  performing  its  normal  function,  the  other,  if  it  remain  ba 
undergoes  an  extraordinary  iucreat«c  in  size,  so  as  to  perform  tbaj 
of  both  organs,  the  augmented  development  of  ite  secreting 
being  here  also  fiiirly  attributable  to  the  accumulution  of  ita  ap|i 
materials  in  the  blood.*      Even  of  those  tisanes  which  must  be  ooiiuder 
■B  most  independent  aud  self-sustaining.  th«   development  is   uot  iiulj 
checked  by  the  want  of  a  due  supply  of  their  appropriate  nuklcnalx,  1 
it  is  modified  in  a  very  remarkable  degree  by  the  presence  of  abn 
substances  in  the  blood,  which  siugle-Kiut  particular  parts,  and 
det«rminate  alterations  in  their  nutrition,  in  such  a  constant  manner  i 
to  show  the  existence  of  a  peculiar' elective  affinity'  between  them  ($317) 
— In  so  far,  then,  as  the  process  of  I^utiition  is  dependent  upon  the  • 
supply  aod  norma!  state  of  the  Blood,  its  conditions  have  been  air 
sufficiently  discussed ;  and  we  have  now  only  to  consider  it  in  ita  rolj 
to  the  Tiseuea, 

3il.  The  demand  for  yutrition  primarily  aiises  from  the  tendeoey  i 
the  organism  to  simple  tncreaee  or  GrotH/i.     Of  this  we  liav«  the 
characteristic  illustration  in  the  multiplication  of  the  first  emhryn 
cell,  by  the  simple  process  of  '  duplicative  subdivision :'  whereby  n  multi- 
tude of  cells  is  produced,  every  one  of  which  is  similar  iu  all 
particulars  to  the  original.      But  after  the  different  parts  of  this  ho 
geneous  embryonic  mass  liave  taken  upon  themselves  their  respcottw' 
modes  of  development,  so  as  to  generate  a  diversity  of  tissues  and  orgms, 

*  Tbia  lainclple  ia  one  most  fertile  ta  Pathalu^od  spplicatioDa ;  for  tbtn  on  be  litlb 
doutrt  ihnt  itie  derulupnivut  (if  miui;  umrliii]  |:r<.m-ths  ii  dae,  not  u  maeh  to  ■  pcvtffM  J 
loml  ^tiTO,  tn  U'  ih^  iitesenee  orcerUiD  morbiil  mnttrrs  iu  the  blood,  vliicb  iliitiiliiiinl 
the  firm.tliou  of  tiraueu  that  uee  thfm  elb  their  appropriate  pabajmn.     8ncb  ■■  yllMj 
obviously  the  «0e  wiUk  those  disorder^   thicL  (like  the  Exuitheronbt)  are  nninnBlIf 
oiLmitlod  (u  be  of  '  cooBIitulJoDar  eharneter,  anil  which  are  diitlnetlj'  tnceable  togfii**  , 
introduced  thcongh  the  bliLiod.  vhoce  tint  influeate  is  exerted  in  modifjdnf;  tlia  pkymat  1 
and  vital  pruprrties  nf  ibnt  fioidj:  and  the  eTidenrc  has  been  of  late  soeumiUatinH,  tM  N  ( 
i<  true  a.]n'  of  the  vanouH  frrms  of  Cancel,  the  l^icnl  deToIopmentof  on  abuonaal  nrnrtun  , 
being  in  this  case,  Alan,  nothing  ein  (bao  the  man  ilea  rmiuu  of  ihr>  eiktam  of  that  iwi- 
liar  ruabl«r  in  the  blood,  wbjoh  u  the  appropriate  uutrrmeut  of  its  oomponent  litfi^ 
[i  2S1)  ;  or,  aa  Mr.  Simon approprinttljdoai^-nates  ii,  "a  neoeiirvlurT organ,  vhicbtN^ 
eBentiatlj  tu  acta  of  eliminatiTe  Bccretiou,  jnst  ss  diEtinot!;  aa  the  beallhj  Gt«r  or  ■!> 
boilthjr  Itiibiej." — See  Mr.  SiiDoo'e  "  LeclUTea  on  General  Patholog;."  pp.  ST,  Hi;  uJ 
Mr,  Pagct's  "  Lvctnrea  on  iJurgical  Piitbolutj,"  vol,  i.  p,  441.  and  vid.  ii.  pp.  S3S  elaf 
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each  one  of  theflt>  oontiuuea  to  iDcreaae  after  its  own  plan;  and  thus  the 
child  Ixjcomea  tlm  adult,  with  oomjHU'atively  littlo  change  but  that  of 
groirth  (oHAP.  svi.,  Sect.  4),  Ad  excess  of  growtli,  taking  place  eon- 
fomubly  to  the  nonuaj  plan  of  the  tutsue  or  organ,  constitat^s  Uyper- 
Irophy ;  whilst  il  diroinution,  without  degeneration  or  alteration  of 
Rtnicture,  ia  that  which  is  properly  distinjfuifihed  as  Atrophy. — But 
Growth  is  not  coudned  to  the  period  of  increase  of  the  body  generally; 
for  it  may  manifest  itself  in  jmrticular  organs  or  tissues,  as  a  norniiil 
operation,  at  any  nubaequent  part  of  life;  as  when  an  extraordinary 
demand  fur  the  functional  activity  of  a  |iarticular  set  of  MuBciea 
is  supplied  by  an  increase  in  the  amount  of  their  oontnictile  tissue. 
— And  further,  even  where  thero  ie  no  Buch  manifestation  of  in- 
creaae,  there  is  really  a  coutiuunJ  growth  in  all  the  tissues  actively  con- 
cnmed  in  the  vital  operations,  and  this  even  to  the  very  end  of  life ; 
although  it  may  be  so  far  counterbalanced,  or  even  Biirjmsaed,  by  changes 
of  an  oppasit«  kind  (f  32),  that  instead  of  augmentation  in  bulk,  there  is 
absolute  diminution. 

312.  The  evolution  of  the  complete  organiam  from  its  gortn,  however, 
does  not  couaist  in  mere  growth ;  for  hy  such  a  process  nothing  woidd 
be  produced  but  an  euonnons  aggregation  of  simple  cell.s,  poss(»!jiiiig  little 
or  DO  mutual  dependence,  like  those  which  constitute  the  shajieleas  masses 
of  the  lowest  Algse  (See  P»i»c.  of  Gen.  Pirvs.)  In  addition  to  increase 
there  must  be  Decelopnient,  that  is,  a  passage  to  a  higher  condition,  both 
of  furm  and  structure;  so  tliat  the  part  in  which  tliirt  change  takes-place 
becomes  fitted  for  some  special  function,  and  is  advanced  towards  the 
alnte  io  which  it  eii?t«  in  the  highest  or  most  completed  form  of  its 
specific  ty|)e.  Thus  the  develojiment  of  ti*mie  consists  in  the  cliange  from 
a  simple  moss  of  cells  or  fibres  into  any  other  form ;  as  in  the  production 
of  Dentine  from  the  cellular  substance  of  the  tooth-pulp,  or  iu  the  forma- 
tion of  Bone  in  the  sub-{>eri osteal  membrane.  Ho,  again,  the  develoji- 
meittal  change  is  seen  in  the  [lassage  of  an  entire  argaji.  from  a  lower  to 
a  higiier  condition,  by  the  evolution  of  new  parts,  or  by  a  change  in  the 
relations  of  those  ali'eady  existing,  even  though  the  change  in  its  texture 
should  consist  of  little  else  than  of  simple  increase ;  thus  in  the  develop- 
ment of  the  Heart,  wo  have  the  original  single  cavity  subdivided,  firat 
into  two,  and  at  last  into  four  chambers ,  and  in  the  development  of  the 
Brain,  we  find  the  sensory  ganglia  to  be  the  parts  first  formed,  the  anterior 
\o\iva  of  the  cei-ebrum  to  be  evolved  (as  it  were)  from  these,  the  middle 
lobes  sprouting-forth  from  the  back  of  the  anterior,  and  the  posterior 
from  the  back  of  the  middle ;  yet  with  all  this  there  is  no  production  of 
any  new  kind  of  tissue,  the  new  parts  being  generated  at  the  expense  of 
histological  components  identical  with  those  of  the  pre-existing. — Now  it 
is  in  the  early  period  of  embryonic  life,  tliat  the  devdopineiUal  process  is 
most  remarkably  displuyiMl;  for  it  is  then  that  we  see  that  transforma- 
tion of  the  primordial  cells  into  tiasues  uf  various  kinds,  which  originates 
•  special  ninus  in  each  pirt,  whersiby  the  production  of  tlie  same  tissue, 
in  wnlinuitj'  with  that  tirst-formod,  conies  to  be  a  simple  act  of  growth  : 
and  it  ia  then  also  that  wc  observe  that  uiarkiiig-oiit  of  all  the  prinei[HU 
organs,  by  the  development  of  tissue  in  particular  directions,  which 
makes  all  subsequent  evolution  but  a  completion  or  fiUing-up  of  the 
plan  thus  sketched-out,     Thus,  during  the  first  days  of  incubation  in 
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tiLe  Oliiek,  the  foundation  is  laid  of  the  vertebml  column,  the  nttwa' 
centres,  the  organs  of  seuae.  tlis  heart  aail  cironJatiDg  STtit<;ni,  tlir  ilinwfti-' 
tary  cUDal,  the  ivspiratciiy  appai'atua,  the   liver,  the  kidneys,  oud 
Other  parts ;  and  at  the  termination  of  tluit  period,  the  chiuk  emenn  il 
such  a  state  of  com pli" tineas  of  develop meiit,  that  little  else  tluui  !«««•■ 
b  wanting,  save  iu  the  plum;ige  and  flexual  organs,  to  niae  it  to  il 
perfect  tyjie.     The  ^me  may  bu  said  of  the  Human  organisnt ;  Miv 
the  i>t!riod  of  its  deTidujinicnt  is  relatively  longer,  in  ac«onLuio« 
the  higher  grade  which   it  is  idtimately  bJ  attain;  its   eartiwt 
boiug  posaed-tlirough.  however,  with  extraordinaiy  rapidity.     Th^ 
pleter  evolution  of  the  generative  organs,  of  the  tiaseous  akeleton.  aai 
the   teeth,   constitute   the  priiacijml    developmental   changrs  which 
Human  organism  undergoes  in  its  progi-ess  from  the  iuikutile  lo  tit 
adult  condition ;  almost  eveiy  other  alteration  consisting  ia  simple  iai 
of  ite  several  component  tissuis  and  organs,  without  any  c^seutinl 
ill  their  furm  or  structure.   And  when  the  adult  tyjie  has  lieeti  < 
pletelj  attained,  every  aiihsequenl  change  is  one  rather  of  de].. 
than  of  development,  of  retrogression  rather  than  ofiulvancev 

343.  The  ililTerence  between  these  two  processes  of  Growth  and 
lopment  is  most  characteristically  shown  in  those  cases,  iji  whioh 
is  a.  partial  or  complete  aiTest  of  one  of  them,  without  any  eomi^ii 
ing  imjiairmeut  of  the  other.  Thus  a  dwarf,  however  small  in  jbitutv,] 
may  i>resent  a  jwirfect  development  of  eveiy  part  that  is  chaiw^-risiic 
the  ctimidete  human  organism ;  the  dettcieney  being  solely  in 
capacity  lor  i/mwlU.  On  the  other  hand,  the  usual  aize  at  birth  may 
attained,  and  every  orgau  may  pieseiit  its  ordinary  dimensioDs,  anil 
some  important  part  may  be  found  in  a  condition  of  nrrf^Ud 
mtnl:  thus  the  Heart  may  consist  of  a  single  cavity,  or  the  inl 
ventricular  or  inter-auricular  septa  may  be  incomplete,  so  thai  il 
not  passed  beyond  the  grade  of  development  which  it  had  attdiued  at 
early  period  of  embrvonic  life,  although  its  growth  uav  hare 
tinned;  or  the  Bi-ain  may  in  like  manner  exliibit  a  deficiency  of 
posterior  lobes,  or  of  the  corpus  callosiim,  or  of  some  other  part  whi 
formation  normally  takes  place  in  the  latter  months  (if  intra-ut«rin«  lilie. 
altliough  the  parts  already  |a-odnced  may  have  continued  to  grow  »i 
their  usual  rati;. — Numerous  instances  of  the  same  kind  might  be  cited, 
but  these  must  sulBce. 

344.  The  demand  tor  Nutrition  arises,  however,  not  mensly  from  llio 
exercise  of  the  formative  powers  which  are  concerned  in  the  building-up 
of  the  organism,  but  also  Iroui  the  degeneration  and  decay  which  an 
continually  taking-place  in  almost  every  part  of  it,  and  the  efftvta  nf 
which,  if  not  antagonized,  would  speedily  show  themselves  in  ite  coDi- 
plete  diaiul^gration.  A^  each  com^xment  cell  of  the  organism  has  to  t 
certain  degree  an  independent  life  of  its  own,  so  has  it  also  a  linuied 
duration ;  and  its  duration  usually  hem's  an  inverse  ratio  to  its  fuuctioual 
activity  (See  pRisc.  of  Ges.  Phys.).  This  is  particularly  striking,  wlien 
we  compare  the  ratio  of  change  in  the  organisms  of  coid-bb>oded  aniiunlt 
at  low  and  at  high  tem]*raturea ;  for  they  live  slowly,  need  little  nutn- 
ment,  givc-ofl'  but  a  small  amount  of  excretory  products,  and  roipun  * 
long  time  for  the  jierformaQce  of  the  rcjiai-ative  proceasee,  under  tlw 
former  conditiou ;  but  live  fast,  require  a  coniparativoly  large  aupplj  of 
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natriment,  give-ott'a  far  greater  amount  of  carbonic  acid  am!  other  ex- 
cretioiia.  resulting  from  the  ■  waate'  of  tissue,  and  exhibit  a  far  luore  rapid 
repamtion  of  injuriiM,  lu  the  latter  atnte.  The  conattvutly-high  tempei-a- 
tnre  of  Man,  as  of  other  warm-blooded  animals,  prevents  this  dillereuee 
trom  being  displayed  in  him  in  a  similar  maimer;  but  it  is  well  seen  when 
■we  contrast  his  different  tiaauoa  with  each  other,  aiid  study  their  resffc- 
tive  histories.  For  whilst  there  are  »ome  (i.)  wliich  ap[H-ar  to  \m<is 
through  all  their  stages  of  growth,  maturation,  and  decline,  within  a 
limited  fieriod,  there  are  others  (ii.)  whose  existence  fleems  capable  of 
almo-~it  iiideiinil*  prolongation,  and  others  (ill.),  again,  which  are  liable  to 
have  a  periwi  jiut  to  their  Ufe  at  any  time,  by  the  direction  of  their  vital 
force  into  other  channels. 

I.  Of  thosii  belonging  to  the  first  category,  which  are  aotively  con- 
cerned in  the  purely-wVa/  ojierationa  of  the  organism,  a  chanieteriHtic 
cxunple  is  presented  by  the  OiTile ;  which,  if  not  fertilized  witliin  a 
limited  p<>riod  after  its  maturation,  speedily  declines  and  decays;  and  tlitt 
tame  law  of  limited  dnratioo  doubtless  extends  to  a  large  i>roi)ortiou  of 
euch  tismcs  aa  aa-e  actively  conceraed  in  the  miiintenance  of  the  organic 
functions;  a,*  for  example,  the  CoqjuBcles  of  the  Mood  (§  16C),  the  Epi- 
thelial cell?  of  many  glaudi)  which  are  instrumental  in  the  process  of 
Secretion  (§  379),  the  cells  forming  the  parenchyma  of  the  Absorbent 
and  Vascular  Glands  (§§  131,  142  in.),  aud  many  others. 

II.  The  contrary  cxtivme  to  this  may  be  found  in  those  tissues,  whose 
fiiuctiuns  are  rather  pliijirieal  than  vital ;  and  esijccially  in  such  as  undergo 
oonsolidation  by  the  dcjiosit  of  solidifying  matter,  either  in  combination 
with  the  auiinid  membrane  or  fibre,  or  in  its  interstices.  Such  tissues 
are  more  withdrawn  from  the  general  current  of  vital  action;  and  there 
Mems  to  bo  no  definite  limit  to  the  duration  of  some  of  them,  exccipt  such 
as  is  im[>osed  by  the  chemical  and  mechanical  degradation  to  which  tliey 
may  be  subjected.  This  appears  to  be  the  case  with  the  ainijile  Fihrim.'! 
tinues,  especially  tlie  yellow,  even  in  their  soft  or  unconsolidated 
state  ;  but  it  is  far  more  obvious  in  the  dentine  and  enamel  of  Teeth, 
which  are  formed  iiy  the  combination  of  caicaioous  salts  with  an  animal 
matrix,  and  which  retain  their  condition  apparently  unchanged  through 
the  whole  remainder  of  life,  under  circumstances  which  show  that  if  any 
nutritive  action  take  place  in  them,  its  amount  muut  be  extremely  small. 
In  the  dentinal  structui-CK  of  the  young,  however,  there  is  obviously  a 
determinate  limit  of  existence ;  as  is  shown  by  the  exuviation,  at  a  certain 
definite  e()och.  of  the  first  set  of  teeth,  which  exuviation  is  usually  pro- 
eeded  by  the  death  and  partial  disintegratiim  of  their  texture.  In  Hair, 
Nails,  and  other  Kjiidermic  apjicndagea,  again,  whose  substance,  when 
once  it  haa  undevgouo  consolidation  by  the  de[>osit  of  homy  matter,  may 
rnunin  unchaugwl  for  centuries,  wo  must  recognise  the  same  principle  of 
indefinite  duration,  in  connection  with  the  cessation  of  vital  activity ; 
th«  chemical  constitution  of  these  textures,  moreover,  being  such  as 
raklers  Ibcm  bnt  little  prone  to  be  actcd-upou  by  owljiiary  decom[)osing 
agnnpi<«-  The  limit  of  existence  seems  more  determinate,  however,  in 
Bone;  for  not  only  do  we  find  that  in  the  first  development  of  this  sub- 
stance,  a  considerable  [lart  of  the  tissue  originally  generated  by  tlie  eon- 
aolidatioa  of  its  osseous  or  oartilaginous  matrix  speedily  disa[ipeai-s,  luid 
Ihdt  during  the  whole  period  of  growth  of  the  shafl  of  a  round  bone. 
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there  U  a  contiaiutl  removal  of  its  inner  and  older  portions.  vhcfr-Vij  tli« 
medullary  cavity  is  progreaaiTely  enlarged;  but  there  is  rtroBL'    "  '- 
that,  even  after  the  bone  has  att^ed  its  full  dimenaiuOB,  a  r 
of  old  Haversian  sj-BtemB  by  new  is  continually  in  progreas  (}  ill-tij 

m.   In   the  ca^e   of  the   Muscular   anil    Nervous  tiwUM,  howcivw. 
trace  the  operation  of  CQUsea  that  dilFer  from  any  of  thoee  already 
These  tisanes  arc  doubtless  subject,  like  all  others  that  are  distiu^ii 
by  their  vital  activity,  to  the  law  of  limited  duration ;  for  we  Bud 
wJien  not  called  into  use,  they  undergo  a  gradual  disintegration  or 
ing,  which  ia   not  adeqiiiitely  repaired   by  the  nutritive  proceass*. 
their  existence  aa  living  structures  appears  to  be  tenninnble  at  any 
by   the  eiereise  of  their    functional   j)owera;    for  the    developniMil 
muscular  contractility  or  of  nervous  force  soems  to  involve,  as  ila 
aory  ci:'udition,  a  metamorphosia   (so  to  speak)  of  the  vital  power 
was  previously  exercising  itself  in  the  nutritive  operations ;    and 
materials  of  these  tissues,  now  reduced  to  the  condition  of  dead  m«ti 
ludei^    those  regressive  changes  which    speedily  convert    them 
excpementitiona  products.     But  the  very  mauifestntion  of  theif 
vital  endowmeute,  determines  an  afflux  of  blood  towards  the   piirte 
called   into   speoial  activity;  and   from  this  it  comes   to   pass,  tliat 
nutrition  of  these  textures  is  promoted,  instead  of  being  impkind, 
the  losses  to  which  they  ai'e  thus  subjeirted ;  ao  that   their  ooi 
exercise  occasions  an  augmentation,  rather  than  a  diminntiun,  of 
substance, — a  due  supply  of  the  requisite  materiaLi  being  always 
supposed. 

345.  Thus  it  comes  to  pass,  that  during  the  whole  period  of 
life,  a  demand  for  Nutrition  is  created  by  every  exertion  of  the  vi 
powers,  but  more  especially  by  the  evolution  of  the  Nervous  and  M 
cular  forces.  The  production  and  nppUcation  of  theae,  indeed,  ms; 
be  considered  us  the  great  end  and  aim  of  the  Unman  organism,  w) 
at  least  as  the  individual  ia  concerned;  tiie  whole  apparatus  of  O 
life  being  subservient  to  the  huilding-np  and  niaint«nnnct!  of  the  N 
tnnscular  apparatus,  and  of  those  parts  of  the  fabric  («.  g.  the  bottri, 
cartilages,  fibrous  textures,  &c..)  which  it  uses  as  its  mechanical  instni-. 
ments.  Thus  the  activity  of  all  the  Organic  opemtions,  when  oncn 
full  measure  of  growth  has  been  attained,  is  mainly  determined  by 
of  the  Animal  functions;  and  iis  the  'rat«  of  life"  of  all  the  parts  wi 
minifiter  to  the  former,  will  be  proportioned  to  the  energy  with  whiiA 
they  ai'e  called-upon  to  perform  their  fiinctious,  their  duration  will 
diminish  in  the  same  propcirtion,  and  hence  occa.sioD  will  arise  for  th*ir 
continual  renewal.*      But  since,  in  tho   attainment  of  the  adult  cua- 
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*  Such  «■  excellent  illDEtntion  it  aflbrded  by  tbe  phenanieDft  of  VeRCtatina.  of  Ail 
doetriora  hera  propODnilei),  that  it  acarcelj  ippeara  deeiiubls  to  yata  It  b;  in  thii  plan.  ] 
althoDgh  it  haa  beeu  elsuwhere  mure  fully  referred-tu  ("PuKC  of  Cuiir.  Puts.,''  ^  mi, 
i5&).—Tbe  leaves  nf  Floiiti^  aiirve,  like  tbe  abwirliiug  and  aaBimibktJiig  ctlla  n!  AninaW  j 
for  the  introilDctiun  nud  dubiirutiuii  uf  tbe  uutrittsc  nmleriali  which  are  to  be  ap|il>*d  tr  ] 
Uie  eitenaiuQ  of  tbe  fatric;  the  mure  permanent  and  Inac^ve  jnrta  at  whidi  an  tl 
generated  at  the  eipense  of  materiaie  prepared  by  tbe  vital  n|ie™tion»  vf  the  ncirt  In 
■itaryaDil  energetie  {%  20).  Now  there  is  on  otiviuuB  limit  tntbedumtiun  of  tha  Ivaf-Mlbl  ' 
i  hit  ihia  limit  ia  nut  precisely  due  of  (idif,  bnng  rather  dependuut  npon  the  mmfUiiim  tf 
\iktir  teria  ofrilal  arliont.     Thuii,  althoagh  we  are  aceuHtomed  to  luuk  upoa  the  '  Ui  <^ 
the  leavea'  (which  is  aobliing  elae  than  an  eiaTiation  coDaeigueDt  opon  death)  aa  a  fitrnf 
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the  productive  oapacity  has  undergone  a  gradual  diminution, 
the  exercise  of  the  animal  jiowers  has  become  vuatly  increaacd, 
the  fnnmttive  processes  are  only  capalile  of  nuiintahiing  the  orgaaism  in 
it«  state  of  completeness  and  vigour,  by  making-good  the  losses  con- 
M<jiient  ufion  the  continual  disint4;gni.ti(>n  to  whieb  it  is  subjected  by 
ila  nervo-muaciilar  activity.  And  with  the  advance  of  years,  the  further 
diminution  of  the  productive  capacity  involvea,^ — on  the  one  hand,  a  pro- 
greesive  decrease  in  the  substance  of  the  tissues  and  orgnus  most  im- 
portant to  life  (their  bulk,  however,  frequently  remaining  unchanged,  or 
eren  increasing,  in  consequence  of  the  accumulation  of  fat), — and  on  the 
other,  a  gradual  weakening  of  its  powers  of  action.     (See  chap,  xviii.) 

S4G.  The  perfonuanee  of  the  function  of  Nutrition,  the  demand  for 
which  arises  out  of  the  causes  that  have  been  now  discussed,  is  ilepondeiit, 
not  merely  u[K)n  a  due  sujiply  of  pure  and  well-elaborated  blood,  but 
also  upon  the  normal  condition  of  the  part  to  he  nourished,  and  espe- 
cially upon  its  posBesaion  of  a  right  measure  of ' formative  capacity;'  in 
virtue  of  w}iicli.  the  ucwly- produced  tissues  are  gcneratwl  in  the  likeuess, 
as  well  an  in  the  ptiioe,  of  those  which  have  become  effete.  Tlie  exactness 
of  this  replaccruent  is  most  remarkably  shown  iii  the  retention  of  the 
cbarscteristic  form  and  structure  of  each  separate  organ  or  part  of  the 
body,  and  thus  of  the  entire  ot^onism,  through  a  long  series  of  years; 
no  changes  being  apparent  (so  long  as  the  state  of  health  is  preserved), 
but  such  as  are  couforraable  to  the  general  type  of  that  altei-ation  which 
the  organism  undergoes  witli  the  advance  of  life.  And  not  only  is  this 
to  he  noticed  in  the  conservation  of  all  those  distinguishing  points  of 
structure  which  mark  the  species,  and  are  essential  to  its  well-being; 
but  it  is  still  more  remarkably  displayed  in  the  continuous  renewal  of 
those  minor  {leciiliarities.  which  constitute  the  characteristic  features  of 
the  indjviduid,  ajid  which  serve  to  distinguish  him  from  his  fellows. 
And  how  much  this  depends  u[ion  the  fonnative  capacity  originally 
derived  from  the  genu,  is  fvident  from  this,  that  a  similar  moulding  (so 
to  speak)  of  the  nutritive  material  takes  place,  in  its  ori^nal  development, 
at  hist  into  the  form  characteristic  of  the  species,  and  afterwards  into  that 
which  nuirks  the  individual ;  and  that  the  peculiai'itics  of  the  individual 
are  frequently  such  as  have  been  distinctive  of  one  or  other  of  the 
parents,  or  present  a  combination  of  both.  But  it  is  curious  that  the 
formative  power  should  often  be  exercised,  not  only  in  maintaining  the 
original  type,  hut  also  in  keeping-up  some  acquired  peculiaiity;  as.  for 
esumple,  in  the  perpetuation  of  a  cicatrix  left  after  the  hewing  of  a 
wound.  For,  as  Mr.  Paget  has  remarked,  the  tissue  of  a  cicatrix  grows 
and  laBimilates  nutrient  material,  exactly  as  do  its  healthy  neighbouring 
tisraes;  so  that  a  scar  which  a  child  might  have  said  to  be  as  long  as  liis 
own  fore-finger,  will  still  be  as  long  as  his  fore-finger  when  he  becomes 
a  num.  And  when  the  mode  of  nutrition  in  any  |>art  has  been  altered 
\rj  Aseaae,  there  is  frequently  an  obstinate  tendeucy  to  the  [>erpetuation 


\  of  ngBlu  «o»Boiud  reenrrenca,  and  to  regaid  their  ropl»ceni«it  bj  a  ne"  groirtli  M 
MOWcing  li  k  not  leu  constADt  ioifiral,  jf\  tii\ieiieoee  ihows  that  these  inl«rvatii  are 
•Btinl}  regnlal«l  bj  lemperature ;  fi>[  if  one  ii(  l\it  wnitnarf  iteoiduuus  irtee  nf  temperaln 
rliwWW  be  tiwufrmid  to  a  tmpical  climale,  it  v-ill  lire  mui^h  Instcr.  its  Icuteb  being  abed 
br  tOAVt  froqneriUy,  and  l^iDg  replaced  mnch  iDr>re  speedily  ;  ho  that  Lwn,  or  even  Ibree^ 
t  ttmriaUoiu  and  T«pnidac^ona  of  ita  fuliage  may  take  place  within  a  jear. 


3S0 


OP  NUTRmOJT. 


of  the  same  alteration ;  or,  if  the  health^  action  be  for  b  time  i 
there  is  a  jicculiar  lendeDcy  to  ibe  renewaJ  of  the  morbid  prm-ms  in  tti 
part;  oud  this  is  stronger  tlie  more  frequently  it  recurs,  until  nt  Iwt  ill 
becomes  inveteraWly   eatablislied.      There  is,   however,   in   thi-  Til 
generally,  an  in  the  Blood  (§  223),  a  general  tendency  to  ii  return  I 
normal  type,  alter  it  haa  undergone  a  temporary  perversion ;  and  I 
ia,  that  we  find  the  typical  atnicture  of  parU  gradually  restored,] 
the  morbid  teiideney  has  been  overcome ;  and  that,  tven  cicatrices  i 
durations,  notwithstanding  tlioir  usual  obstiual*  persistence, 
disapptar.     The  noruiai  type  is,  perhaja,  leas  likeJy  to  be  thus  i 
when  the  departure  from  it  is  very  slight,  and  consiats  rather  in 
wrong  plan  (»*o  to  speak)  on  which  the  new  matter  ta  laid-Jowti,  tliu  i 
a  perveridon  of  the  nutritive  process  itself 

347.   Of  the  mode  iu  which  the  subatitutioij   of  new   tissiK"  far  ' 
which  has  become  effeti;,  is  effected  iu  the  process  of  Nutrition,  i 
knowledge  b  at  present  liniit«d;  but  there  can  be  little  doubt 
nearly  always  tjikea  place  in  a  manner  closely  conformable  to 
developmout  of  each  tissue.      In  some  iiiatiuices,  there  is  an  ob 
r^itaeement  of  the  old  and  dead  by  the  young  and  atttive  clcmenLn-. 
is  the  case,  for  example,  in   the  constantly-rcpeuttd  produrtiiin  pf  I 
Epidermic  and  Ejiithi'lial   layers;  for  whether  they  ure  developed  (d 
genas  imbedded  in  the  subjacent  bftsement-niembrane,   or   frum  unci 
formed  de  jtovii  in  the  blastema  on  its  fi-ee  eurtae*-,  or  by  the  iiiipli«rti»l 
subdivision  of  pre-existing  cells,  there  is  a  continual  suoceitsioti  of  i 
cells,  which  take  the  place  of  those  that  are  cast-off  as  de-fuact  aiid 
So  in  the  growth  of  Hair,  tliQ  tncn^a^c  of  wliicli  takce-plaw  ciutv  oti 
base,  we  can  trace  at  any  period  the  same  development  of  newly-fi 
spheroidal  cells  ijito  homy  fijsiform  fibres,  as  that  wliicb  ■ 
first  the  hair  began  to  sprout  from  the  aggregation  of  epidermic  i 
the  bottom  of  its  follicle.     So,  again,  in  the  vesicular  tissue  which  i 
Btitutes  the  essential  part  of  the  Nervous  centres,  there  are  a]>pea 
which  indicate  tliat  its  peculiar  cells  are  in  a  state  of  continual  denJc 
ment,  newly-formed  ganglionic  vesicles  taking  the  place  of  those  wh 
have  undergone  disintegration.     But  there  are  other  textitres, 
nutrition  ia  more  completely  {nfcrnlillal :  their  elements  being 
closely   coherent,   and  their   newly-formed  portions    being    devdu]* 
throughout   the   substance  of  the  ohl,  instead  of  (as   in  the  case  of  tJ** 
epidermis  and  its  appendages)  Siiperjkialhj  or  in  mere  coutinuity  until  it 
Such  is  the  case,  for  example,  with   Muscle,  the  mode  of  wlir,se  nuiriti"!; 
has  not  yet  been  elueidatoiL      We  can   only  infer  from    annlogv,  ihil 
here  too  each  fibre  or  fibril  will  pass,  in  the  course  of  its  develo|ii. 
through  the  same  stages  which  those  of  the  embryo  did  when  its  aiu- 
wcre  first  formed.     And  this  analogy  seems  to  derive  support, 
the  presence,  in  all  well-nourished  muscles,  of  bodies  which  beu  i 
appearance  of  nuclei;  for  these,  as  Mr.    Paget  remarks,   "are  ncrt 
loitering  impotent  remains  of  embryonic  tissue,  but  germs  or  organ*  i 
power  for  new  formation."     Aad  it  is  further  confirmatory  of  thw  ?i«J 
that  losses  of  substance  of  muscle  which  involve  the  destruetit>n  nf  tlif*l 
centres  of  nutrition,  are    not    replaced,  like    losses  of  cuticle,   by  b"*! 
tisane  of  the  same  kind;  the  power  to  fonn   it  not  being  inherent  in  itel 
blood  or  in  the  neighbouring  parts.     Nevertiielesa  it  must  be  admitW  [ 
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that  DO  intcmiodiatv  atAges  of  development  can  be  traci;d  in  the  fibres 

eren  of  those  iiiuscleii  <j1'  the  a<Iiiit  which  are  in  most  LHinstuut  use,  ftnd 
of  which  the  nutrition  is  the  most  active,  that  arc  at  all  comparsiblp  to 
tliaee  wliich  are  met-with  in  the  muscular  tissues  of  the  embryo. — With 
K^Krd,  again,  to  the  iuterstitinl  nutrition  of  Bonea  aud  Teeth,  we  know 
nothing  whatever.  That  some  movement  of  nutritive  fluid  is  conti- 
Dually  lakiug  place  through  them,  is  made  apparent  by  the  effects  of 
madder  in  gradually  tinging  even  the  boucH  and  teeth  of  the  adult, 
though  for  such  a  change  a  much  longer  pt^riud  ia  i-equired  in  the  adult 
than  in  the  youug  animal ;  how  far  this  movement,  however,  is  sub- 
KTvient  to  any  continual  change  of  auljstanoe,  still  reuiaiuH  doubtful.  If 
the  supply  of  blixid  he  withdrawn  from  a  tooth  or  from  a  bone,  or  eveu 
from  a  jMirt  of  the  latter,  the  atmcturea  thus  cut-off  from  connection 
witJi  the  act  of  nutrition,  soon  die,  bocomo  ilotiiched  from  the  living 
porta  around,  and  are  thrown-ont  of  the  body.  Of  tliia  we  have  a  very 
good  example  in  the  iiunuol  exuviiitiou  of  the  antlera  of  the  Deer,  whiuh 
is  brought-about  by  the  choldiig-up  of  the  Havei'siim  canals  that  give 
pWBtge  to  blood- veasela,  with  concentric  oaaeoua  dejxisit.  Something  of  tiiis 
kind  scema  to  Iw  continually  taking-place  in  ordinary  Bone,  upon  a  more 
liinitixi  scali? ;  individual  Haversian  systems  I leing  removed  by  abaorjition, 
and  beuig  replfl*?ed  by  new  formations  of  the  same  kind,  probably  during 
ita  whole  life,  without  any  change  in  external  configuration  (J  348). 

348.  Of  the  modes  in  which  the  effete  jHirticles  of  tismies  whose  term 
of  lift-  has  expiretl,  or  whose  vital  energy  haa  been  esliauated,  are  removed 
and  diapoaed-of,  our  present  knowli^ge  ia  no  less  imperfect  In  the  case 
of  those  tiaiiues  which  are  iiuperjieinll,y  nourished,  a  continual  losti  of  aub- 
Mance  ia  obviously  takiug-pliice,  by  the  exuviation  of  dead  jiarticles  en 
moMie;  this  ia  the  ca.se  with  the  whole  aeries  of  Epithelial  and  Epidermic 
cells,  which  are  throwu-oti'  with  little  previoua  change,  lite  the  leaves  of 
tre«^  their  decay  not  Uking  place,  for  the  most  part,  until  after  tliey 
have  betome  detached  from  the  oiganism.  But  the  fact  is  altogether 
(hfferent  with  regard  to  those  whose  nutrition  is  inlertt'itial,  es]jceially 
the  Nervous  ao<I  Muacular  tissues ;  tor  tho  decomfwsition  of  these  would 
teem  ta  occur  in  their  very  substance,  its  products  being  takon-up  by  tho 
blood,  and  subsequently  eliminated  from  it  by  organs  appropriated  to 
that  pur|K)se,  as  is  indicated  by  Chemical  evidence.  For  on  the 
di^t^ration  of  the  albuminous  constituent  of  Muscle,  it  appears  to 
resolve  itself  into  two  closaea  of  oomjwundB ;  one  of  them  rich  in  carbon, 
the  other  in  nitrogen;  the  former  is  represeutRd  in  the  'juico  of  flesh'  (the 
peculiar  '  estractive'  of  wliich  is  much  increased  in  amount  by  exercise 
of  the  muscle)  by  inoaite  or  muscle-sugar,  by  lactic  acid,  and  under 
certain  oonditions,  by  fat;  the  latter  by  creatine  and  cniatinine.  The 
former  class  of  jiroducts  is  taken-up  into  the  blood,  to  be  eliminated 
from  it,  jmrtly  through  the  intermediation  of  the  liver,  by  the  respiratory 
proeeas;  the  latter  ia  in  like  manner  conveyed  by  the  circulating  cur- 
rent, to  the  kidneys,  the  creatine  Iwing  for  the  moat  part  converted  into 
tij«v^A3  rcgarcbi  the  Nervous  siil)st8nce,  however,  no  eiiually  definite 
pri>of  of  this  kind  can  at  present  be  afforded;  since  its  normal  consti- 
tution ia  not  yet  sufficiently  underetood,  to  enable  the  proilucts  of  ita 
disintccn^ion  to  be  certainly  distinguished. — A  remarkable  indication 
has  bean  recently  aflbrdeil,  by  the  microscopic  exajnination  of  Bone,  that 
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the  oWor  portions  of  its  suVistaiioe  are  removed  from  time  to  timr.  j 
tliftt  apace  is  thus  provided  for  the  deposit  of  newly-formeii  tL^ae  in  il 
Btsod.     For  tnmsverae  sections  of  long  hones  uaoally  exhibit,  in  r — ' 
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■B  Bimriitm  qiut,  •.  with  ili  ubuactc rising 
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part  of  their  area,  irregularly- ahftpeil  Bpiices,  having  an  emsrgiiuitril  I 
toone^  and  often  jagged  outline  (Figs-  52,  53),  Bimilar  to  tluit  found  ( 
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the  surface  of  bone  which  baa  been  removed  by  exfoliation,  or  to  that  ( 
the  fang  of  a.  tooth  wLicli  has  been  partly  absorbed.  There  is  eve 
indication,  from  a  comparison  of  the  Tarious  conditions  presented 
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tliew  '  Havereimi  spacea,*  both  a»  to  form,  size,  anil  situation,  that  thej 
kre  loft  by  tho  partial  or  complete  removal  of  '  Haversian  systems,' 
whicli  previoualy  oci;upieJ  the  samu  situations.  Tiiey  are  cxix-ediugly 
numerous  ani.1  lurge  in  uewly-formed  bone  aituato  I  near  OBBifying  car- 
tilage, Bo  OS  fretjuently  to  afl'oitl  room  for  the  develoimieiit  of  two  or 
more  '  Haversiiin  ayatems'  in  tiieir  interior;  while  in  older  bone  they 
arc  fiir  less  nunieroua,  and  generally  less  in  siee,  so  that  by  the  excava- 
tion of  one  of  these  spnces  within  an  old  '  Haversian  system,"  n  new  one 
may  be  formed  of  much  smaller  dimensions  {Fig.  54,  c\.  The  peraistenc© 
of  portions  of  those  older  '  Haversian  systems'  which  have  uadergone 
partial  ahaorfjtion,  appears  to  account  lor  the  presence  of  the  '  interstitial 
lamins'  (h,  b),  which  fill-up  the  spaces  between  the  existing  '  Haversian 
systems,'  and  of  which,  na  they  have  not  any  obvious  centres  of  nutritive 
■apply,  no  other  satisfactory  explanation  can  bo  given.  Such  appearances, 
indicative  of  alternate  aets  of  absorption  and  reproduction,  are  seen  in  the 
bones  of  old  as  well  as  of  young  or  middle-aged  subjects;  but  their  fre- 
quency diminishes  with  the  increasing  age  of  the  individual.* — So  far 
M  can  be  gathered  frocn  the  foregoing  facts,  and  from  others  of  the  same 
order,  the  process  of  interstitial  decline  and  death  usually  takes  place 
loo  rapidly  for  its  slagBS  to  he  perceplible,  and  is  imineiHalely  followed, 
in  tie  normal  condition  of  the  aystem,  by  the  removal  of  the  I'tfete  par- 
ticles; so  that  it  is  only  when  this  removal  is  froin  any  cause  obstructed, 
aa  happens  in  tlie  cases  to  be  presently  cited,  that  we  see  any  indication 
of  the  »taffeJi  through  which  the  disintegrating  tissues  {lasd.i' 

340.  There  is  one  remarkable  form  of  degeneration,  however,  which  ia 
OODimoD  to  nearly  all  the  tissues,  and  which  seems  to  occur  as  a  normal 
alteration  in  many  of  them  at  an  advanced  period  of  life;  this  con- 
■lata  in  the  conversion  of  their  albuminous  or  gelatinous  materials  into 
Bit,  thus  constituting  what  ia  known  aa  JlUty  (kgerifration.  That  this 
change  is  not  due  to  the  removal  of  the  normal  components  of  tlie 
tiaiu«s,  and  the  substitution  of  newly-deposited  fatty  matter  in  their 
place,  bnt  is  (in  most  cases  at  least)  the  result  of  a  real  conversJon  of  tho 
one  class  of  substances  into  the  other,  may  now  be  considered  cut  well 
aiicertained.I  And  tliere  are  certain  fiicts  which  indicate  that  this  kind 
of  degeneration  is  a  part  of  the  regular  aeries  of  ])roceHacs,  by  which 
tumies  that  have  served  their  purpose  in  the  economy  are  |>repnred  for 
being  removed  by  abaoiiition ;  one  of  the  most  remarkable  being  the 
obaervationa  of  VirchowJ  and  KiliaQ||  with  regard  to  the  fatty  degene- 
ration of  the  muscular  tiBSue  of  the  utenia  after  parturition.  8o,  as 
Mr.  Paget   has   pointed-out,  tho   fibrinous  and  corpusciUar  products  of 


*  Sw  the  Memoir  by  Meanis.  Tomes  md  Do  Morgan  '  On  the  Stnictnre  uid  Devolop- 
DCiit  of  Bone,' in  ''Fhil»s.  Transact.,"  1SS3,  p.  111. 

t  Polly  remgniiiag  the  irapgrtiinw  of  Dr.  Lyun'a  ingenious  onquirita  on  '  Hifltolyais' 
<•««  "Proreed.  of  Kojal  Irish  AliiiI.,"  vyl,  y,,  purt  iii.,  sod  "Brit,  and  Por.  Mfd.-Ohit. 
BcT.."  vol.  xii.,  p|>.  454,  632),  the  Anthor  CAooot  reganl  tbti  rhangsH  wliich  take  place  in 
limOtM  dKvntujHtijng  '^ut  of  the  bo<ly,  aa  throwing  uiach  light  upon  the  procet^nf^  of  degene- 
nUoD  that  take  plare  ilurinu  the  laltcr  period  uf  their  life. 

;  P(.t  a  icry  pomplete  view  of  the  pre«ent  stale  of  our  kbowledge  of  the  whole  Bnbject 
of  Patty  Degeneration,  lee  Dr.  Uandfield  Jones'n  Articles  in  the  "  BriL  and  Far-  Med.- 
Ckir.  Bev,,"  vol.  li..  p.  327,  and  vol,  tii.,  p.  30. 

f  "  Verbuidlongen  der  UeBelladiaft  filr  Uehnrtihulte,"  Berlin,  »cL  iii.  p.  ifii. 

t   "  nenl6  and  Pfanffer'e  ZeilBchrift,"  vol.  ix.  p.  1. 
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infliimmntion  are  often  binuglit  into  a  state  fit  for  absorptioD,  hj  \ 
tlmiugli  this  intermediate  stiige;  the  tibrinoua  substance  beiugi 
to  be  dott«d   hy  gnmules,  which  are  known  to  be  oil-pArticles  bjH 
peculiar  shining  black-edged  appcanuice,  and  at  the  same  time  ' 
toughness  and  elasticity,  and  being  no  longer  rendered  traas 
acetic  acid ;  whilst  the  Iviuph-cells  presient  a  similar  increa^se  of  : 
black-edged  porticlea  lite  minute  oil-drofw,  wliich  accutnnlnt^  until  I 
nearly  till  the  cell-cavity,  their  nuclei  at  the  same  time  gnidnatly 
and  disuippearing.*      Thue,  then,  if  the  fat,  which  b  one  of  the  [mxla 
of  thia  regressive  metamorphosis,  be  absorbed  as  fiist  as  it  is  fi>nnn(,  i 
the  effete   tissue   be  replaced   by   a  now  production  (as  seeni»  to  I*  I 
cn«e  with  Muscles  in  a  stale  of  hoaltliy  activity),  there  ia  uo  ayi-n 
of  dei^ijue ration,   and  the  nutrition  is  kept-up  to  its  normnl   ^I&uiii 
80  if,  from   the  advance  of  age,   or  from  the  inpufficient  exercise  of  I 
muBclea,  their  nutrition  take  place  lesa  riipidly  thau  their  waste, ' 
the  products  of  their  degeneration  ure  (<till  rcmov.-d,  simple  nt 
the  result     If,  on  the  other  hand,  the  ^-Jienvl  cdcditiona  liciiig 
the  fflt  profluced  in  degeneration  \<e  not  abaorlioi,  but  remun 
tissue,  an  obviouB  'fatty  degeneration'  ia  the  reault     This  seen 
likely   to    happen   either  (1)   when   the  (at   is  thus   produced   in 
eiceasive  amount,  that  th&  ordinary  rate  of  its  absorption  (corrwpooda 
with  tlmt  of  its  elimination  by  the  combustivc  process)  docs  not  prorii 
for  its  removal;    which  will    occur  when  a  large  amuiint  of 
undergoing  degeneration  at  once,  as  in  the  case  of  tlie  utenis 
tiiritioa;— or  (2)  when  the  blood,  being  already  highly  chor]^ 
rcspiiiitory  material,  is  indisposed  to  receive  an  additional  amonnt  of) 
and  it  is  probably  in  part  from  this  cause,  that  the  habitual  1 
Alcohol  in  the  blood  strongly  predisposes  to  iiitty  de^nein 
j-rovcd  by  the  very  large  projwrtion  of  intemperate  individuals  amn 
the  siubjects  of  the  more   aggravated  forms  of  this   disorder.     Fo 
extraordinary  aptitude  for  the  combiistive  process  which  is  clia 
of  Alcohol,  gives  it  such  a  preference  in  this  operation  over  the  1 
combustive  material,  that  the  convei-aion  of  the  latter  by  oxid 
carbonic  acid  and  water  is  kept-back,  so  long  as  Alcohol  is 
thus  the  blno<l  of  dnmkanls  becomes  so  highly  charged  with  bit.  lUl 
might  bo  itself  considered  to  be  in  a  state  of  fetty  degeneration. t 
distinct  indication  of  the  operation  of  AJcohol  habitually  reoeiT 
the    blood    in  large  quantities,  aflords  an  obvious  indictttitin 
habitual  consumption  of  even  a  much  smaller  amount  will  t«id  to  [n 
fatty   degenemtion   at   more   remote   periiKla   and   in  a  leas  aggnv 
degree ;  and  the   participation  which  this  state  has  been  shown  to  1 
in  the  production  of  a  large  proportion  of  the  diseases  of  Old  Ag 
especially  by  the  changes  it  induces  in  the  texture  of  the  heart  iind  of  t 
walls  of  the  bloodvessels  (which  are  particularly  liable  to  it), — fully  I 
out  this  idea. 

•  See  Mr.  Pnget'i  "  IiMtnree  on  Surgifal  Pathology,"  vol.  i.  p.  STl. 

+  Tiie  iiBBntity  uf  (at  in  tbc  Hood  of  Jrunkards  has  beeu  ransd  in  kid«  -n —  IA  1 
raneh  M  117  part?  in  1000  (IiFcnuu),  the  lii^hist«xtuD&teof  tLe  quiuititj  in  hahk  I 
8'S5  parte.  Soharliiii  lina  tonnil  an  niQoh  as  30  per  cent,  niure  curlua  in  tbe  bind  1 
itrunkiu-J,  thiu  in  tliat  uf  a  bcikltJi;  nuui. — See  Dr.  Bns'i  tnatue  on  "  Al«l 
Chronieut,"  Rnkitflitiakjr'B  ^'HflnJhu^hjlpT&lfgwnaimaTi  Y'l'i^nT^yf^K*^  ft  atitmnif /' ^ 
and  "Brit,  aud  For.  Med.-Clur.  Rer.,  Tol.  »ii.,  pp.  33,  si 
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150.  It  may  be  aUtted  as  a  general  rule,  that  no  absorption  of  the 
malcriida  of  tissiiea  can  taki'-yilace,  witliout  a  previous  deg«neration  such 
this,  or  a  more  complete  d^eompositioii.  There  is  no  evidt'iice  that 
ly  healthy  tissue  is  ever  thus  absorbed,  or  that  any  pretematura] 
activity  of  thu  absorbent  vesBelB  caii  ever  (bs  formerly  aupposad)  be  the 
ocengion  of  a  loss  of  substajjM ;  ia  fact,  ao  long  ns  the  vital  force  is  in  nctivo 
opentttoa  in  a  [art,  and  its  processua  of  growth  and  dovelopiuent  are 
being  normally  canietl-on,  BUth  absorption  may  be  considered  to  be  ini- 
powible.  On  the  other  hand,  if  a  part  die  ea  niasse,  it  ia  not  removed  by 
nbsorptioii,  but  becomes  isolated  by  the  separation  and  rccedeuce  of  the 
living  jiarts,  and  is  then  cast-out  altogether,  oven  from  the  interior  of 
the  body,  as  we  wg  in  the  case  of  a  necrosed  bone ;  its  condition  being 
then  essentially  the  same  aa  that  of  the  outer  layers  of  the  tegumentary 
organs,  which  are  cut-off,  by  their  distance  from  a  vaacidar  surfaeo,  from 
all  fmther  nutrient  change.  The  difference  between  these  two  modes  of 
removal  is  well  seen  (as  Mr.  Paget  has  remarked)  in  the  case  of  the 
Teeth;  for  the  &ngs  of  the  deciduous  teeth  undergo  degeneration,  when 
the  cnrrent  of  nutrition  ia  diverted  towajtls  those  which  arc  to  succeed 
tliem.  their  aiati?rials  being  slowly  decomposed  ao  na  to  become  soluble, 
id  being  gradually  removed  by  absorjitiou,  so  that  nothing  is  left  at 
Inst  but  the  crowns  of  the  teeth ;  on  the  other  bond,  the  permanent  teeth, 
which  are  not  to  be  succeeded  by  others,  when  no  longer  recei^'ing  their 
due  nutrition,  die,  and  are  cast-out  entire, 

351.  Among  the  conditions  of  healthy  Nutrition,  a  due  sujiply  of 
Kervoua  powur  ia  commonly  enumerated;  and  it  cannot  be  questioned 
that  the  want  of  such  a  supjily  is  frequently  the  source  of  a  perversion 
«f  the  normal  operations.  This,  however,  by  no  means  proves  that  the 
formative  power  is  derived  from  the  nervous  system;  and  such  an  idea 
is  at  once  negatived  by  a  number  of  ineoiiteatible  facts  (§  33).  Yet  it 
may  be  freely  admitteii  that  the  right  direction  and  application  of  thia 
power  in  Nutrition,  may  aonietimes  de[iend  ujK>n  giiidauce  and  direction 
afforded  by  the  Nervous  ceutrea,  in  the  same  manner  aa  the  Secreting 
process  is  capable  of  being  thus  affected;  in  fact  we  can  Bcarcely 
explain  in  any  other  mode  that  iiiiluencc  of  mental  states  uj>on  the 
nutrient  operations,  which  fre'|Uently  leada  to  veiy  important  minliiica- 
tibos  of  tlicm. — The  whole  of  this  subject,  however,  will  be  moi-e  appro- 
■priat«ly  couaidei-cd  hereafter  (chap.  )tv).* 

2.    Vartfing  Aclivili/  of  the  NiUritive  Frowtses. — Reparative  Operations. 

352.  Without  any  change  in  the  character  of  the  Nutritive  processes, 
Itbere  may  be  considfruble  viiriationa  in  their  t/eyrce  of  iieliviii/  ;  and  this, 

\l9  either  the  eutire  oi-gauiHrn,  or  individual  parta,  though  most 
oonly  the  lattei-.     These  variatifins  may  Ije  ao  couaiderablu  as  to  con- 
stitute Disease;  though  there  are  Bome  which  take  place,  as  piu-t  of  the 
^regulftr  series  of  Physiological  phenomena.     Thus,  as  we  have  seen,  it  is 
the  excess  of  foniiative  activity,  that  the  increase  of  the  orgauiHrn 
tlie  earlier  [teriod  of  life  is  due,  its  '  waete '  being  at  the  same  time 

*  Ia  the  tnatoiCDl  uf  this  mbject,  the  Anlhor  Iiob  uiiule  use  "f  many  TulnsUe  illnslra- 
|CiiD*  mmttinei)  in  Lbe  lint  IIitkb  uf  Mr,  Pagrfa  "  Lecturia  on  ffutKiial  Palhiilugj  ;"  iho 
ennal  doetjian,  Luwever,  being  tmcb  at  be  bwl  himsvlf  exprenewl  i>a  lunux  prcii'iiia 
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flXtreiDL^Iy  rapid ;  whilst  it  is  to  a  porrespoading  reduction  in  tliB  regaiimi' 
tiwe  power,  wid  not  to  positive  escess  of  '  wa£t«'  or  decay  (lliis,  imle 
taking  plnce  very  alowly),  that  the  gradual  decline  of  the  orgouistn 
advancing  years  is  to  be  attributed.  So  also  we  lind  that  local  na  well  i 
general  variationB  may  take  place,  as  a  part  of  the  regular  een^  of  vil 
phenouona;  and  this  during  the  period  of  adult  life,  ns  well  ns  10 
earlier  aad  later  epocha.  Thus  all  those  iliilerences  in  the  pr 
development  of  the  several  parts  of  the  organism,  which  mark 
tinctioD  between  the  adult  and  the  obild,  even  where  (as  in  the  cue  of  ft 
dwarf),  there  is  no  difference  in  stature,  result  from  a  decline  in  the 
formative  capacity  of  those  which  are  peculiarly  adapted  to  the  want*  of 
the  earlier  stage  (the  Thymus  ghmd,  for  example),  and  trom  au  iucns»d 
activity  of  nutrition  in  those  which  are  destined  to  the  use  cf  the  aiiull. 
the  Generative  organs  more  particularly,  And  the  iutermitti-nt  actitii 
□f  the  sesual  apjmratua  of  the  female  affords  a  remarkable  example  of  i 
same  principle;  this  being  marked,  not  merely  in  the  enormous  i 
ment  of  the  uterus  and  mammary  glands  as  a  consequence  of  cone 
but  in  the  periodical  change  which  t^kes  place  in  the  ovaries,  wherebri 
ova  are  matured  and  thrown-off  at  certain  regular  intervals.  Tliedrvlii 
in  the  formative  power  of  these  same  oipina,  moreover,  when  as  yut  ibo 
organism  in  general  shows  but  little  indication  of  deterioratiou,  ia  nn'iHrtr 
characteristic  example  of  the  variation  in  Nutritive  activity  nwul'i'.; 
from  the  inherent  endowments  of  the  part,  and  essentially  irrespective  nl 
the  condition  of  the  blood,  of  the  circulation,  and  of  the  orguiiatD  at  * 
whole;  although,  as  formerly  shown  (4  219),  the  production  and  ouun- 
tenancB  of  other  and  apparently  unconnected  organs  are  a/mplementaUg 
dependent  upon  the  formative  activity  of  the  Generative  apparatus. 

353.  The  abnormal  excess  of  Nutritive  change  which  properly  oonsti- 
tutes  Ifi/pertrophff,  af)pearH  to  depend  upon  a  dejmrtttre  from  one  or  other 
of  the  conditions,  under  wliich,  as  already  specified,  the  change  nornwlly 
takes  place;  namely,  the  right  composition  of  the  blood,  a  due  supply  Af 
such  blood,  and  a  proper  formative  capacity  in  the  part  itself. — Of  tbr 
excess  of  nutrition  resulting  from  the  preseuce  of  an  excess  of  the  pewilitf 
materials  of  certain  tissues  in  the  circidating  fluid,  examples  hare  virmijf 
been  given  (§  340);  it  is  important  to  remark,  however,  that  altboo^ 
hypertrophy  may  be  thus  induced  in  any  of  the  tissues  which  Mustinto 
the  instruments  of  organic  life,  yet  there  is  no  evidence  that  either  iB* 
Nei'vous  or  the  Muscular  apparatus  can  be  forced  (so  to  speak)  to  in 
augmentation  in  bulk,  by  the  mere  abundance  of  their  nutritive  matcriuli 
— -With  i-egard,  in  the  next  place,  to  the  supply  of  blood,  there  can  bcM 
doubt  that  in  general  an  increased  flow  of  hlood  towards  a  part  ia  coiae- 
quent-upon,  rather  than  a  cauae-of,  an  excess  in  its  nutritive  actin'tj;  but 
still  there  are  cases  in  which  its  causative  agency  may  he  traced.  Voriom 
examples  of  thw  have  been  su]>plied  by  the  experiments  and  observati'ias 
of  John  Hunter,  the  records  of  which  are  left  in  his  Museum.  Tbia 
if  the  spur  of  a  cock  be  traus])lnute<l  from  the  1^  to  the  comb.  whic^J 
ia  a  part  far  more  vascular  than  that  with  which  it  was  ori^nallv 
nected,  it  undergoes  an  extraordinary  augmentation  in  size;  having  i| 
one  instance  grown  in  a  spiral  form,  until  it  was  six  incJies  long;  and  il 
another,  curved  forwards  and  downwards  like  a  horn,  so  that  its  vai 
needed  to  be  often  cut,  to  enable  the  bird  to  bring  ita  beak  to  the  gFouol, 
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in  feeding.  80,  o^oiii,  it  was  remarked  by  Hunter,  and  has  been  fre- 
((Dently  observed  since,  that  an  increased  growth  of  hair  often  takes  place 
on  surfaces  to  which  tbere  is  au  increaaed  detennination  i)f  blood  as  a 
conaequencc  of  inflammation  in  some  neighbouring  paii,  though  not  trom 
the  surface  of  the  inflamed  part  iteelf  80  it  sometimes  hapiiens,  that 
when  an  ulcer  of  the  integuments  of  the  leg  has  long  existed  in  a  young 
peraon,  the  subjaoeut  bone  may  share  in  the  iutrcaaed  afflux  of  blood,  and 
may  enlarge  and  elongiito.  And  it  seems  not  improbable  that  we  are  to 
attribute  the  increased  tliicknusa  of  the  cuticle,  on  parts  which  are  esposed 
to  continual  pressure  or  friction,  to  the  augmented  afflux  of  blood  which 
is  determined  to  the  irritated  aurfaee,* 

3o4.  The  greater  number  of  cases  of  Hypertrophy,  however,  must 
undoubtedly  be  referred  to  the  preternatural  formative  capacity  of  the 
part  itself;  and  this  may  either  be  congenital  or  acqiiired.  Of  this  con- 
genital excess,  we  havo  a  remarkable  example  in  the  abnormal  growth  of 
an  entire  limb,  or  of  fingers  or  toes,t  which  cannot  with  any  probability 
be  referred  to  an  original  excess  in  the  sujiply  of  blood,  the  etdargcment 
of  the  arteries  leading  towards  such  parts  being  abnost  certainly  «)n8e- 
<jnent  upon  their  unusually  rapid  growth,  Justus  in  the  cose  of  the  uterine 
and  mtimmary  arteries  of  the  pregnant  female.  The  moat  remarkable 
instances  of  the  acc|iiirement  of  increaaed  formative  activity,  are  presented 
to  IIS  in  that  augmented  growth  of  the  nervous  and  muscular  tissues. 
which  is  «)nse<[uent  upon  the  exercise  of  their  functional  powers.  This 
may  be  considered  as  to  a  certain  extent  a  normal  adjustment  of  the 
nipply  to  the  demand ;  but  there  are  some  instances  in  which  it  takes 
plaoe  to  snch  an  extent,  as  to  become  a  positive  disease.  Thus  it  not  un- 
freqnently  happens,  that  if  young  persons  who  naturally  show  precocity 
of  intellect,  are  encouraged  rather  than  checked  in  the  use  of  the  brain, 
the  increased  nutrition  of  th<j  organ  (which  grows  faster  than  its  bony 
case)  occasions  pressure  upon  its  Tessels,  it  becomes  indurated  and 
inactive,  and  iatuity  and  coma  may  supervene.  Now  although  in  such 
<aac8  thfro  must  probably  have  been  some  congenital  tendency  to  preter- 
nntnral  activity  of  the  brain,  which  manifests  itself  in  the  precocity  of 
intellect,  yet  there  is  no  doubt  that  this  may  be  augmented  by  the  '  forcing 
system '  of  education  ;  whilst,  on  the  other  hand,  it  may  he  controUed  by 
a  system  of  management  adapted  to  the  peculiar  circumstances  of  the 
ease.  Kxcess  of  muscular  development  ia  peculiarly  prone  to  show  itself 
in  the  involuntary  muscles;  but  this  production  is  in  almost  every 
instance  the  result  of  the  demand  for  increased  muscular  exertion,  which 
i»  consequent  upon  some  obstruction  to  the  usual  function  of  the  part 
Thus  an  extraordinary  hypertrophy  of  the  muscular  coat  of  the  urinary 
bladder  is  often  seen  as  a  consequence  of  obstruction  to  the  exit  of  the 
uriDe,  through  the  presence  of  a  stone  in  the  bladder  or  of  a  stricture  in 
the  uiethra;  bo,  again,  hypertrophy  of  the  muscular  coat  of  the  gall- 
bladder may  take-phu.'e  us  u  conaeijuence  of  obstruction  of  its  duct  by  a 

•  It  i»  oommonlj  mid  tint  locul  Hjpt'rtroplij  maj  bo  imliiceU  bj  long.cuntinnBd  Cnn- 
fcCitiiin.  but  thia  is  not  true  hTpcrtrDiih;  ;  for  thi!  balk  of  tliu  orgim  is  not  nagmented  b; 
1^  iacnaped  prodnction  t>f  its  DumiKl  lissne.  Imt  bj  tbe  sUdition  of  liBan«  uf  an  inlcrior 
IjpS  of  otsaniatlion,  u  in  InHmuioHitiaD  {^  36D). 

t  A  CMC  cif  hjiiertropbj  of  an  Entire  limb  wne  deicribeJ  by  Dr.  John  Eeid  in  the 
"Bdinb.  Miinthlj  Joniu.,"  1843,  p.  IflB  ;  and  BHVeral  c*(ie«  of  bypertruphj  of  the  iagen 
limaibod  bj  BIc.  Curling  ia  the  "McL-Chir.  Tisdb,,"  «oI,  viviiL 
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gijl-nti-inp ;  bypertrophf  of  tliemiismilar  cout  of  any  pnrtof  th«i 
canal   niiiy  be  induceil  by   the  existence  of  atritture  lower   downi'l 
even  Uypertrophy  of  tlie  lieart.  is  generally,  if  not  always,  nttribtiublr  I 
obstruction  to  tlie  (Tut  of  tlio  bloixl  which  it  propels,  resulting  eitlwr  f 
BtagnatioDoftliepulmonury  citx'ulatiou  by  the  deficient  a«rttiiinmii*ei]un 
u|Kin  disetLse  of  the  lunga  (in  which  case  the  hypertrophy  is  limited  tut 
right  side  of  the  heart),  or  from  thickening  or  induration  of  the  bhiuiI 
ralvea,  or  friim  narrowing  of  the  orifices  of  the  aorta  and  pulmoiuwy . 
It  is  curious,  iiLoreovor,  to  observe  that  hypertrophy  of  musclee  rn-fpientl 
beooniea  a  sonroi;  of  increased  nutntion  of  the  bones  to  which 
attoehod:  this  being  luiLiiifested,  not  merely  in  the  augmented 
the  Ijonea  of  limbs  that  are  sjiecially  exercised,  but  also  in  the  ix 
liromiiience  of  the  ri'lgea  arid  processea  to  which  the  muscles  aiv  at 
This  adaptii-cQtss  on  the   part  of  the  formative  activity  of  tho 
tissue,  is  curiously  niauiiested  also  in  the  relation  of  the  skiUl  to  ■ 
brain ;  for  if  the  bulk  of  the  brain  be  not  tmi  rapidly  augmt-iited.  I 
skull  will  enlarge  accordingly,  and  this  (in  some  instaucEs)  not  merr-lc  ' 
the  extension  of  its  nornnil  bones,  but  by  the  intercalation  of  iiew  m* 
elements,  the  'ossa  wurmiana;'  whilst,  on  the  other  liiiml,  if  llii"ii"  \»l 
diminution  in  the  bulk  of  the  brain,  the  cranium  may  iidai'l  itoelf  t(i  i 
also,  by  a.  thickening  on  its  internal  sur&ce  (or  conoentrie  hy[iertn^^]| 
~thLi  change,  tuther  than  a  dimination  in  the  entire  sitl«tance  of  i ' 
skull,  being  more  liable  to  take  ptntie  in  caaoa  in  which  the  d-anisJ  nit 
have  alreaily  closed,  and  the  nutrition  of  the  bone  has  become  inactim  | 

SS.'i.  The  production  of  Tumours  musti  be  considered  as  ft  manifes 
fif  an  cxcesa  of  formative  activity  in  iudividual  p&its,  and  ti&  coti^tihitiB 
therefore,  a  a]>eciea  of  Hypei-trophy.      For  a  tumour  may  be  compoMdt 
the  tifiBuea  which   are   normal  to  the  part ;  as  we  see  especially  in  ' 
cose  of  those  tumours  of  the  uterus,  wliich  are  madc-np  of  an  excHHofil 
ordinary  muscular  and  fibrous  elements.      But,  as  llr.  Paget  has  ju 
rcniarked,  "an  essential  dlflerenee  lies  in  this; — the  uterus  (oiUai' 
hypertrophicd)  in  its  growth  aroiuid  the  tumour  maintaiua  m 
type,  though  excited  to  its  growth,   ii"  we  may  so  spejifc,  by  an  ahno 
stimulus;  it  exactly  inutates,  in  vascularity  and  muscular  developumt,] 
the  pregnant  uterus,  and  lUiiy  even  acquire  the  like  ])owor ;  and  at  liJigtli,| 
by  contractions  like  those  of  jiarturition,  may  expel  the  tumour  apunli 
neously  sejMirated.     But  the  tumour  imitat^  in  its  growth  no  iintiinJl 
ahajte  or  constmctiou ;  the  longer  it  continues,  the  greater  ia  its  deformiq^ 
Neither  may  we  overlook  the  contrast  in  respect  of  purpose,  or  ailaptatao 
to  the  general  wellare  of  the  body,  which  ia  as  manifest  in  the  inc 
of  the  utenis  its  it  is  improbable  in  that  of  the  tumour."''      A  grada 
is  established,  however,  between  tnie  Hypertrophies  and  Tumoun, 
those  productions  of  glandular  tissue,  which  are  made-up  of  the 
substance  of  the  gland  with  which  they  are  connected,  as  the  mnmimirM 
the  prostate,  or  the  thyroid,  and  which  (though  frei^uently  encyslnll  at\ 
sometimes  me(-with  aa  outlying  portions  of  the  gland  itselC — ThCTt  i 
another  class  of  objects,  to  which  Tumours  come  into  close  reUtlon,  i 
which  must  be  referred,  like  them,  to  a  IochI  excess  of  formative  acdntfl 

*  See  bia  "LetrCures  ou  SurGi<Bl  Pathulngj,"  vul.  ii.  ji.  2;  tim.y  Dr.  Iluidfielil  Jaupl 
"Brit.  »jid  Fur.  Mpd..Cbir.  H*v.,"  vul,  >iii.  p.  330;  tmd  Dr.  Bristuve  in  "tttM.* 
PathoL  8oc.,"  rol.  if.,  p.  218. 
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haie  are  the  " supenmmerary  parts"  which  are  not  unfrequently  deve- 
loped during  fwtal  life,  as  for  exuTiiplu.  fulditioiml  lingei'a  nud  toes.  It 
ems  aljsurd  to  refer  tliese,  foiiued  as  they  are  by  simple  ontgrowtii  from 
lie  liiuls  to  whicli  they  are  attaclied,  to  the  "ftisiouof  gcriBa"  whicli  lias 
ll)eeD  hyiJothetically  invoked  to  explain  more  important  exoeascs,  as  those 
of  additional  limbs,  double  bodies,  or  double  heads;  and  yet  from  the 
lower  to  the  higher  form  of  exui;^  the  trauHiliou  \a  so  grailiial,  tliat  whut 
a  true  of  the  former  can  scarcely  but  bo  true  of  the  latter.  Hence  even 
complete  "  double  monsters"  must  be  regarded,  not  as  having  proceeded 
bom  two  separate  germs  which  have  become  partially  united  in  the  course 
of  their  development,  but  from  a  single  germ,  which,  being  possessed  of  an 
UQUfloal  formative  capacity,  has  evolvetl  itself  into  a  structure  containing 
more  than  the  usual  number  of  parts,  aiid  com^iarable  to  that  which  may 
be  artificially  produced  by  poitial  fission  of  the  bodies  of  many  of  the 
flower  animals.* 

356.  We  can  scarcely  fail  to  recognize,  throughout  this  whole  aeries 
of  nbuonual  producti<ina,  the  operation  of  a  similar  power.  In  thi'  for- 
mation of  a  siijiei-nuinerary  [>tirt,  this  has  been  sufficient,  not  merely  to 
produce  the  tissues,  and  to  develoi>e  them  according  to  a  i-eguiar  mor- 
I  phnlogiciU  type,  but  to  impart  to  the  labric  thus  geuei'ated  a  seiHirate 
land  even  an  independent  existence;  thus  cvolvijig  an  additional  finger 
I  or  thumb  on  each  hand,  a  double  pair  of  arms  or  legs,  a  double  hcati  or 
,  or  even  a  complete  double  body.  In  the  hypertro[ihy  of  a  regular 
^__^  rmal  part,  the  new  tissues  are  still  developed  according  to  a  regular 
^awtphoiogical  type;  but  they  have  not  the  ])ower  of  individualizing 
themselves  (so  to  speak),  and  are  so  incorporated  with  the  normal  ele- 
Dients  as  to  augineut  the  size  of  the  existing  organ.  In  the  formation 
of  a  tumour,  on  the  other  hand,  whilst  its  uompouent  tissues  are  them- 
■elves  perfectly  formed,  and  have  a  mjirked  power  of  independent  growth, 
'  the  miLSH  composed  of  them  is  altogether  amor]>hous,  its  configuration 
being  usually  ilctermined  rather  by  the  physical  conditions  under  which 
it  ia  produced,  than  by  any  peculLir  tendencies  of  its  own;  so  that  we 
recognize  the  action  of  the  formative  power,  undirected  by  that  morpho- 
lo^cal  nimui,  which  normally  models  (so  to  speak)  the  growing  tissues 
into  the  likenes;!  of  the  organ  to  which  they  belong.  But  further,  in 
many  of  the  large  class  of  tumours  distinguished  as  '  malignant'  ($  379), 
I  the  development  of  tissue  has  not  gone  to  the  extent  of  producing  any 
of  tliose  sj-iecies  of  wliich  the  body  is  normally  constituted;  and  in  this 
respect,  OS  well  as  in  their  tendency  to  rapid  degeneration,  the  vital 
endowments  of  their  element*)  must  be  reckoned  as  below  those  of  the 
normal  tissues. — It  is  not  always  easy  to  draw  tlie  line  l>ctweeu  certain 
tumours  and  3U[)emimierary  piu-ta,  especially  when  the  production  of  the 
former  is  symmeti-ical ;  but  the  first  appearance  of  the  latter  never  takes 
plsice  save  during  embryonic  lii'e,  and  their  structure  is  more  complex, 
and  is  more  conformed  to  the  plan  and  construction  of  the  body  at  large, 
tlian  is  that  of  tumours,  whose  production  may  take-place  at  any  period 
of  life.  And  between  those  tumours  which  are  known  as  '  piliferous'  and 
'  deutigerous  cysts,'  and  those  encysted  embryoes  (usually  incomplete  in 

•8«  ■•  Print,  of  Comp.PhjB.,"  9  ITS;  Prof,  Vrolik  in  "Cjclop.  uf  Aunt,  and  Plija.," 
art.  '  Tanitulogy,'  vul.  iy.  p.  B7li ;  anil  Pnjf.  Allien  Thnmecm  un  'Doublf  MoQatroaitj,' 
iEL  "  Bdinb.  Muntlilj  Juunul,"  Jane  uiil  Jd1>,  1S41, 
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Uuir  fonnBtioD)  vhich  are  somctiiaes  fouiid  iu  the  bodies  eveA  of  i 
it  ia  impossilile  Co  estubli^h  any  line  of  dtiunrcation  auflicientlf  pr 
to  preYsnt  our  recognizing  thorn  as  nil  having  the  same  origin,  aiirl 
expressions  of  the  same  power, — the  simple  cyst  beiug  a  kind  of  i 
attempt  at  the  production  of  a  distinct  individual, — and  the  es 
embi-yo  being  but  the  result  of  an  tmufiuolljc  high  development  of  j 
proliferous  eyat. 

357.  The  state  of  Atrojihy  is  in  all  reapecte  the  very  oppoBitp  of  tkit  ( 
Hypertrophy;  consisting  in  sucli  a  reduction  iu  tho  rate  of  fomutif 
ftotivity  of  parta,  as  compared  with  that  of  their  '  waste,"  that  their  on 
tion  is  no  longer  maiutained  at  ite  previous  standard;  so  that  t1i«jj 
gradually  reduced  in  bulk,  or  degenerate  into  some  inferior  ' 
type,ur(which  la  more  common)  undergo  both  diminution  and  deterio 
at  the  same  time.     It  is  important  to  bear  in  miud,  thai  Atrophy  i 
take-place,  either  locally  or  generally,  from  an  unusually-rapid  disint- 
tion  of  the  tissues,  unoomjicnsated  by  a  corresjton cling  increase  in  the  i 
of  thur  mitritjon ;  of  such  local  atrophy,  we  have  a  char«ct«ristie  e» 
in  the  rapid  reduction  of  the  bulk  of  the  uterus  after  parturitM 
of  the  mammary  glands  a.her  the  sudden  cessation  of  lactntioD ; 
general,  wo  see  an  illustration  in  that  rapid  wasting  of  the  syatcm, 
takes  place  in  the  irritable  stAte  that  results  from  excessive  and 
longed  exertion  of  body  or  anxiety  of  mind,  especially  when  Hocuuip 
with  want  of  sleep,  the  inci'eased  disintegration  being  marked  bv  i 
prciience  of  on  imiiaual  amount  of  ui'ea  and  of  the  alkaline  phosphal«  t^ 
the  urine.     But  in  the  ordinary  forms  of  Atiijphy,  there  is  not  meptlyi 
relative  but  an  ahsalute  reduction  in  the  rate  of  the  formative  proccsi,  ( 
a  lowering  of  its  standard  of  jjerfection ;  and  here  also  we  have  to 
for  its  causes,  on  the  one  hand,  in  the  condition  and  supply  of  the  bio 
and,  on  the  other,  in  the  formative  capacity  of  the  tissues  tbcnis-'lve*- 
The  Atrophy  dei>endent  upon  an  insufficient  supply  of  nutritive  nisteri* 
may  be  either  general  or  partial.      General  atrophy,  or  emaciation,  it  i 
necessary  roault  of  deficiency  of  food:  but  it  may  also  proceed  from  Ml 
imperfect  perfoi-mance  of  the  assimilating  processes,  whereby  tha  unti 
tive  materials  do  not  receive  their  recjuisite  elaboration,  as  in  ctua  ofl 
disease  of  tho  mesenteric  glands;   or  from  an  unusual  energy  ofl 
metamorj>hic  processes,  whereby  the  azotized  constituents  of  the  fbodi 
decomposed  into  excrcmentitious  products,  without  undergoing  i 
tion   at  all,  as  seems  to  be  the  case  in  diabetes.      Of  the  atrophy  rf  I 
jMirticular  tissue,  consequent  upon  the  deficiency  of  its  proper  maknibl 
in  the  blood,  we  have  on  example  in  the  reduction  of  the  adipose,  whdi  I 
there  is  no  surplus  of  fatty  matter  to  serve  for  its  nutrition,  but  on  lhe| 
otherhandn  withdrawal  of  the  contents  of  the  fat-cells  into  the  circulitinl  I 
current,  whilst  the  nutrition  of  the  muscular  and  other  azotized  tissuvl 
may  proceed  with  its  usual  vigour. — Instances  of  complete  local  atropbjJ 
or  gangrene,  resulting  from  deficiency  in  the  supply  of  lilood  to  a  ] 
are  by  no  means  unfrequent;  but  it  is  less  common  to  meet  with  a  pifl-l 
longed  diminution  in  tho  rate  of  nutrition  from  such  a  cause,  sinMi 
partial  obstruction  to  the  circulation  is  usually  removed  after  a  i 
time  by  the  enlargement  of  the  collateral  vessels.    Yet  there  ore 
circumstances  under  which  this  does  not  take  place;  thus  Sir.  Cur!it4| 
has  shown  that  atrophy  may  occur  in  that  portion  of  a  frsctured  ] 
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'  which  is  cut-off  from  tiie  direct  supply  of  blooti  through  the  great  meJuI- 
Ury  artery ;  the  circulation  heing  restored  by  iinaBtomosia  to  such  oii 
extent  as  to  prevent  the  death  of  the  bone,  but  not  so  cuniplctoly  aa  to 
support  rigorous  nutrition.* 

358.  The  mottt  frequent  cause  of  Atrophy  lies,  however,  iii  the  deficiency 
,  of  formative  power  in  the  tissues  theii«e!vaa,  ariaiiig  from  the  decline  of 
I  thst  capacity  which  tiiey  inhi^rit  fi'oui  the  germ.  This  decline,  aa  already 
[■hovn,  takes  place  in  the  botly  tit  large,  aa  a  part  of  the  regular  order  of 
Ifltni^  vith  the  advance  of  years,  and  also  normally  occurs  in  particular 
organs  at  earlier  perioda  of  life;  but  it  sometimes  takes  place  prema- 
torely,  either  in  the  body  at  large,  or  in  particular  organs,  bo  that  they 
undergo  a  wasting  or  degeneration  without  any  ostensible  cause.  Thus 
it  is  not  at  all  uucommon  for  Articular  Cartilages  to  he  almost  entirely 
(katnayed  through  defect  of  mitritioD,  without  any  paiii  or  other  syiiip- 
tooia  to  call  att«ntioa  to  the  change  in  progress;'!'  and  many  similar casea 
nuglit  lje  cited.  There  is  reason  to  believe  that  '  fatty  degeneration,' 
the  form  under  which  degeneration  most  commonly  presents  itself  (5  349), 
is  in  reality  far  more  frequent  than  simple  wasting;  but  it  attracts  less 
notice,  because  the  hidk  of  the  tissues  is  little  or  not  at  all  diminished ; 
and  it  is  only  when  their  fimction  becouiea  impaired,  that  attention  is 
seriously  drawn  to  the  change.  This  form  of  Atrophy  can  seldom  be 
■ttribiited  to  antticedcut  tliminution  in  fhuctional  activity ;  for  it  is  most 
mmjnon  in  organs  upon  which  there  is  the  most  couataut  demand  for  the 
energetic  performance  of  theii"  respective  duties,  na,  for  instance,  in  the 
bekrt.  the  kidneys,  and  the  liver.  But  the  formative  activity  of  Muscles 
and  Nerves  is  so  closely  dependent,  as  ali-ea^ly  several  times  pointed-out, 
upon  the  active  exercise  of  their  functional  [jowerH.  that  atrophy  is 
certain  to  supervene  if  this  be  interrupted ;  and  this  atrophy  may  or  may 
Dot  present  itself  under  the  fonn  of  fatty  degeneration ;  a  shrinkage  of 
Uic  parts,  concurrently  with  the  production  of  an  increased  amount  of 
fiit  in  thcni,  being  i»erhni>s  the  mode  in  which  it  most  fi-equently  takes 
jilftce  Atrophy  of  one  jiart,  moreover,  ruay  be  dependent  upon  iitrophy 
I  or  imperfect  functional  activity  of  another,  if  the  two  be  so  related  in 
their  normal  functions,  thut  a  decline  of  one  involves  a  correapouding 
decline  io  the  other.  Thus  if  a  motor  nerve  be  paralyzed,  the  muscles 
which  it  habitually  calls  into  action  will  bo  atrophied ;  and  this  will 
equally  happen,  whether  the  want  of  motor  power  depend  upon  a 
deficient  production  of  it  in  the  nervous  centres,  or  upon  an  intcmiption 
to  its  conduction  through  the  tntnks.^      On  the  other  hand,  if  the 

*  "  HedJoD-Chimrgic^  TraaHoctincK,"  vol.  xx. 

f  Sm  Bcdffln),  '^  On  Au^muJ  NntritioD  ia  Articalar  CartilaG^B,"  p.  6£. 

£  The  Anther  hiu>  for  lOffie  time  hail  nuiler  bis  ubsetrstiori  a  cose  Id  which  three  mates 

I  af  a  bmily  have  prognariTelj  become  aflected,  Imtween  the  ftgee  of  S  nod  a  jean,  with 

bitf  de^CDeratii^D  ui  the  miiai^les,  vhich  biia  pnx^eedod  io  the  moul  adviuioed  cos?  to  the 

fj—ft*t  Gomplele  ^hbUtfntti'm  I'f  their  Dormal  ptrui^titro.     This  chaogt  had  been  oouAiclcJ-ed 

by  nanj  eminent  Praetiti'incrs  to  be  idiupalhi.:,  thnt  ifl,  to  hnve  its  primarr  origin  in  the 

muMulu  tieine;  and  the  iDeosures  witii-li  hnd  h(.-ea  eiDiiliifi^il  to  am^  it  had  b«eu  of  no 

Avail  whatever.     It  waa  a  strung  arj^meDt,  however,  againi^  exirh  A  view  of  the  Que, 

r  that^  la  tbp  hftiri  of  the  eldi^t  boq,  who  died  of  fever  at  the  age  of  16,  do  fatty  ■1egeriei^< 

I  tioD  fontdbc  div^vere'l;  and  on  making  inquiry  inUt  tbebtstory  of  the  {NLrentaancl  of  their 

Immilif.  ftmp1i<  cTideoix  wa»  diacovered  for  the  belief,  that  the  diwaae  was  depeudent  apun 

the  mat  of  fanctional  power  in  the  ncrvoaa  ocntrM.      Anting  on  thii  view,  it  waa  n-iH>m- 

i  sundcd  that  the  mosenlar  ajirtem  should  be  kept  an  much  ns  poaaible  in  a  state  of  aobve 
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muscles  of  a  part  undergo  degeneration  fi-om  want  of  nse  (aa  in  iliMon  ■ 

the  hijj-Joint),  the  nerves  wliich  supply  tliem  also  auffor.      Th(>  mum  ' 
the  case  in  regaj-d  to  the  nerves  and  orgiins  of  sense;  for  atri'iihr  of  1 
(^e  will  occflwion  utrophy  of  the  optic  nerve,  imd  destruction  ol"  th^  i 
gauglia  will  induce  utrophy  of  the  eyes  iiud  optio  nervea.      I'lveu  t]i«| 
bones  of  a  limb  will  suffer,  in  cases  of  atrojJiy  of  the  muscles  cous«|u 
upon  diause;  for  in  an  oxpprinieut  made  by  Dr.  J,  Beid,  to  de 
the  effect  of  artificial  ex&rcise  In  luaintaining  the  nutrition  of  id 
whose  nerves  had  beou  divided,  the  bones  of  the  quiesceot  limbj 
weighed   61    gruins,  whilst  those   of  the   exercised   limb  w<rigli« 
grains." — It   is   an   tmjjortant  iiict,  which  was  first   pointed-out 
Piiget,+  that  when  fatty  degeneration  is  eonuuencing  in  any  tisoe, 
is  chai-acl*iiized  by  the  jjei'sifltence  of  its  nuclei,  it  b  in  the  nuclei  ih 
tlie  lii'st  altet-atiouB  are  seen ;  for  they  become  pale  and  iti<lj)-tiiia 
may  oven   djaap]>ear  altogether,  almost  before  any  other  change 
cenuble  in  the  cuuteuts  of  the  cells  or  tubes  to  which   tliey  apj-er 
but  in  atrophy  from  mere  decrease,  tliis  disoppearance  of  the  niiih'i  • 
Uut  occur. 

350.  Reparative  Froees*. — The  nutritive  operationa  take  )jUo» 
extraordinary  energy  and  rapidity,  in  the  prooeas  of  JitparatioHj 
which  losses  of  substance,  oooasioiied  by  injury  or  diseasev  OK  nuule  ^ 
In  ltd  most  perfect  form,  this  process  is  exactly  analogous  to  that  of  ' 
JirgC  development  of  the  corresponding  parts;  and  its  results  are  as  i 
plete  in  the  one  case  as  in  the  other.    In  taot,  among  the  lowest  trib«*< 
Animals,  we  find  these  two  conditiuua  blended,  as  it  were,  t<igi'lher; 
tho  prot-oss  of  reparation  may  he  uuniud  in  th«!ii  to  s\w\\  an  esUmt,! 
to  reproiluee  the  whole  organism   from  a  very  small   portion  of  it 
the  Hydi-a,  or  Fresh-water  Poly|ie,  there  would  seem  to  be  aoirccly  uA 
limit  to  this  power;  for,  even  if  the  body  of  the  animal  be  minced 
small  fi'agnients,  every  one  of  these  can  produce  a  new  and  jierfect  I 
In  this  manner,  no  less  tlina  forty  have  been  artificially  geiK:n*l*d  fttn] 
a  single  imilvidual. — In  ascending  the  Aniiual  scale,  wc  tind  this  : 
tive  power  less  conspicuous,  because  limited  in  its  exercise  to  partlc 
tissues  and  to  comparatively  insignificant  part*  of   the  body:J  and  iai 
Man,  as  in  other  warm-blooded  Vertobrata,  tho  regenerative  powtT  a  i 
the  most  part  restricted  in  its  exercise,  as  Mr.  Paget  has  poinU-d-imt,}  Ul 
three  classes  of  parts; — namely,  (1).  "  Those  which  are  formed  entiie^l 
by  nutritive  repetition,  like  the  blood  and  epitlielia  (their  germs  Iwil^l 
con tuiually  generated   de  ttovo   iu   the  ordinary  couditlou  of  the  body);! 
(2.)  Those  which  are  of  lowest  organization,  anil  (what  seems  of  ma 
importJincL')  of  lowest  chemical  cliuracter,  as  the  gelatinous  tiasueii  1 
areolar  and  tendinous,  and  the  bones;  (3).  Those  which  ar«  iuaertwliil 
other  tissues,  not  as  essential  to  their  structure,  but  as  acoe^soii^s  i 

exi?rdB«,  sail  that  n  ucak  galvnnic  purTont  ahould  be  frequeutlj  trruifimittc-d  tbr^ujb  I 
limbs  from  the  spine.     Tbis  trenUnent  biu  proTeil  au  litr  BBfrL-Gsaful,  Itint  Llie  iirofisai 
tho  disense  apj.eiirE  to  have  been  arrBSted  ia  tho  moat-advaiu'ed  case,  irhilat  ■  i 
imyroveiaeal.  haa  iakea  place  in  tb«  Dotiditina  of  a  joimi^r  child,  vbo  au 
IHHtiinii  tnpiOtj  into  a  stA(«  reseiuliling  tbnt  of  hie  elder  brolbi-n. 

*  '  ^  I'h J»iologicnl,  AoAtomical,  and  Fatbolo^cal  K<!wardic^*'  |i.  10. 

+  '*  LoctnreH  oa  Surgical  Patholuey,*'  vol.  i.,  p.  luO. 

J  See  "  Princ.  uf  Cooip.  Pliya.,"  Chap.  li.,  Sect.  3. 

g  Up.  ait.,  p,  IB*. 
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cmmeetmg  or  iaooTpor&tmg  them  with  tlie  other  atnu^turnt  of  vegetative 
or  aniinftl  life,  BUch  Fi9  uerve-fibrcH  or  blood- vcflwls.  With  these  pxeep- 
tions,  Injuries  or  leases  ari;  capable  of  no  more  thao  rejiair  in  its  liiuiteil 
Bease;  i.  e.  in  tlie  place  of  what  is  lost,  some  lowly-organized  tissue  ia 
formed,  whi<;h  fills  up  the  breach,  am)  suffices  for  the  mainteniince  of  a 
leas  perfect  life," — Yet,  even  tims  restricted,  the  ojierations  of  tliis  power 
He  freqaeotlj  most  remarkable;  and  ure  in  no  iiistance,  perhaps,  more 
■trikinglj  diiijilaycd,  thnn  in  the  re-formation  and  remodelling  of  oq  entire 
Bone,  when  the  original  one  has  been  destroyed  by  disease.  That  this 
power  is  intimately  related  to  that  by  which  the  organism  is  normally 
built-up  and  mBintaJiied,  ia  evident,  not  merely  from  the  peculiar  mode 
in  which  it  is  exevciaed.^its  tendency  being  always  to  reproduce  each 
part  in  the  form  and  structure  characteiistic  of  it  at  the  particidar 
]ieriod  of  life,  and  not  according  to  its  embryonic  type, — but  also  from 
the  fact  that  it  m  more  effectual  in  the  state  of  growth  than  in  the  adult 
condition,  and  that  it  can  do  far  more  in  the  embryonic  state,  when  deve- 
lopment as  well  as  growth  ia  taking  place,  than  after  the  developniental 
pracees  has  ceascul.  In  fnnt,  as  Mr.  Paget  has  remarked  (loc.  cit),  it« 
uaotint  at  clifl'erent  periods  of  existence,  as  in  different  clniwes  of  aninialB, 
seems  to  bear  an  inverse  ratio  to  the  degree  of  development  which  has 
already  laknn  place.  Thus  it  is  well  known  to  every  Pi-actitioiier,  how 
much  more  readily  and  perfectly  the  lesions  resulting  from  accident  or 
disease  are  repaired  in  childhood  and  youth,  than  they  arc  al'ter  the 
att&ioment  of  the  adult  state.  And  there  is  evidence  that  during 
embryonic  life,  the  regeneration  of  lost  parts  may  take  [dace  in  a  degree 
to  which  we  have  scarcely  any  parallel  after  birth ;  for  Piflf.  Simpson  has 
bronght-together  numenma  cases,  in  which,  after  '  R]>ontaneii«s  amputa- 
tion' of  the  limbs  of  a  fratus,  occurring  at  an  ejirly  period  of  gestation, 
there  has  obviously  been  an  imperfect  attempt  at  the  i-e-formation  of  the 
amputated  part  frora  the  atump  ;*  and  it  seems  probable,  fi-om  the  history 
of  normal  development,  that  in  the  cases  in  which  perfect  hands  and  feet 
have  been  prejtent  without  the  corres[ionding  limbs,  these  hands  and  feet 
Iiave  been  secondary  productions  from  tho  stumps  of  amputated  limljs, 
unoe  any  original  defect  of  development  would  have  affected  the  hands 
and  feet  rather  than  the  arms  and  legs.  Tliere  are  occasional  examples, 
moreover,  in  wliich  this  regenerative  power  has  been  prolonged  to  an 
nnasuaUy  late  period ;  thus  an  instance  is  recorded,  on  authority  that 
can  scarcely  be  doubted,  of  the  twice-repeated  reproduction  of  a  super- 
numerary tbiunb,  after  it  had  Iwen  twice  completely  removed ;+  and 
the  Author  has  been  assured  by  a  very  intelligent  Surgeon,  that  he  was 
cognizant  of  a  case  in  which,  the  whole  of  one  ramus  of  the  lower  jaw 
having  been  lost  by  difieaao  in  a  young  girl,  the  jaw  had  been  com- 
jdetely  i-egenerated,  and  teeth  were  developed  and  occupied  their  normal 
aituatiuns  in  it. 

360,  It  hae  been  a  general  opinion  among  British  surgeons  (founded 


*  These  caKB  were  bronglit  bj  Prof-  SimpBoa  befora  the  Fbrsiologicid  Sectina  of  tho 
Brili*b  AmcUtion,  M  ito  M»ttDg  is  Edinburgh,  Ang.  1B60.  The  Authur,  hniiiic  limJ  tlie 
oppottunitj  of  euiuiuing  two  liriag  eiampleii,  u  well  as  Prof.  SimpHon'a  pTeparntiona,  i* 
(Mofortlf  ati>fi»)  lu  Ui  tiit^  ioet. 

f  Sae  Mr.  Whiu'a  TriwtieeoDtbe  "BegenuniUonof  Atiim&[ftnd  VegutableSabMuicea," 

(ITM)  p.  Ifl. 
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Upon  what  they  believe,  but  erroneously,  to  have  been  tius  ikwlrine 
Hunter),  that  Inflummation  is  esscntiitl  tu  the  prooeaa  of  Bejmr 
There  is  no  doubt  that,  ns  usually  conducted,  tLe  healing  of 
attended  by  a  greater  or  leas  degree  of  Inflaiaioation ;  but  it  do 
thence  follow  that  tliis  morbid  condition  is  essential  to  the  renewnl  of  I 
healthy  state;  and  in  fact  it  con  be  §hown  that,  in  the  uajoritT  oft 
the  occurreuce  of  Inflammation  ia  injurious  rather  than  bendirinL 
■was  by  Dr.  Macartney,  that  the  first  clear  enunciation  of  this  im[>nr 
truth  was  made;  and  his  conclusions,  founded  upon  a  philoajjihia 
comparative  survey  of  the  operations  of  R<.»panition  and  Iufiiuiiinnti(ia.l 
performed  in  the  different  clasBcs  of  animals, — namely,  "  that  the  {b 
of  re]>ai-ation  and  reproduction  are  in  pi-oportion  to  the  indispoeitifl 
incapacity  for  inflammntion ; — that  inflammation  is  so  far  frou 
necessary  to  the  reparation  of  parts,  that,  in  proportion  as  it  exists, 
latter  is  impeded,  retarded,  or  prevented  ;■ — tliat,  when  iutlamtnatioa  do 
not  exist,  the  reparative  power  is  equal  to  the  original  t^udcniy  I 
produce  and  maintain  organic  form  and  structure; — and  that  ii 
becomes  a  natural  function,  like  the  growth  of  the  indiTidual,  or  I 
reproduction  of  the  species,"  * — may  be  regarded  as  sub 
correct,  although  requiring  some  modification  in  pai'ticular  cases. 

361.  The  simplest  of  all  the  methods  of  healing  of  on  open  wnuod,  I 
that  which  ia  termed  by  Dr.  Macartney  '  immediate  union.'  It  is  i 
seen  in  the  coao  of  small  incised  wounds,  such  as  cute  of  the  fingrnt  i 
the  incision  made  in  venesection.  In  wliich  the  two  edges  can  be  br 
into  close  approximation,  so  that  they  grow-together  without  any  < 
hccting  medium  of  blood  or  lyrapli ;  but  it  sometimes  occnn  in 
ones,t  and  as  it  is  the  beat  imaginable  process,  the  surgeon  ought 
favour  it  as  much  na  poioible,  by  jirocuring  the  moat  exact  coaiit.ilion  i 
the  wounded  parts,  and  by  repressing  any  tendency  to  inflaiiininnnq 
which  will  interfere  with  it.  This  ia  the  mode  of  union  whifli  *! 
spoken-of  by  John  Hunter  as  '  healing  by  the  first  intentiou.' 
supposed  that  the  imiou  takes  place  through  the  medium  of  the  hla 
intervening  between  the  lips  of  the  wound,  which  undergoes  organie 
int«  a  connecting  tissue;  but  it  ia  now  certain  that  although  blood 
become  organized,  especially  when  efi'usod  into  a  wound  secluded 
the  air,  yet  that  its  intervention  opposes,  rather  than  favoura,  hcalinj;  1 
immediate  union. 

363,  That  which  is  commonly  known  amongst  British  Burgeons  i 
'  healing  by  the  first  intention.'  ia  that  which  was  designated  by  UuoUi] 
as  '  union  by  adhesion'  or  by  '  adhesive  inflammation."      Tbis 
takes-place  in   tlie   case   of  incised   wounds,  of  which  tbe  edges  an 
brought  into  perfect  coaptation,  or  in  which  some  inflammatory  acdoa  il 
present,  which  gives-rise  to  the  effusion  of  plastic  lymph.      In  cillid 
case,  the  connection  is  finally  re-established  by  the  organization  of  I 
lymph,  into  which  vessels  pass  from  both  siufaces;  but  the  intervcatiu 

•  Dr.  MaiartnBj'B  "TreatimoD  Inflammation,"  p.  7. 

i  Mr,  Poget  meDliona  n  rast:  of  ?itii7jation  of  n  mnmaiar;  toiaoar,  in  which  ths  | 
part  of  thti  WLtutid  waa  fnun'I  to  have  heoJfd  titter  IhiA  faHhion  ;  the  akiji  and  fatoi  b 
ao  firmlj  adhored,  that  do  inili^tioa  exitit«<]  of  thtir  provJOQB  detAchment ;  and  oocftf 
of  eoagulable  lymph,  or  production  of  u  voDDerting  tiuue,  hang  detectable  by  i 
»r»minatinn.     ("  Leotune  OD  Surgical  Patbologf,"  vol.  i.  p.  193.) 
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of  thxB  bond  is  manifesrted  in  the  ppraisteuee  of  the  cicatrix,  which  is 
qaite  ditrtinguiahabie  by  its  peculiar  ajipearanee  from  the  surrounding 
tiatue.  A  very  good  example  of  this  pi-ocess,  as  it  tiikea-place  under 
fiirounible  circumstances,  ia  presented  after  operationw  for  liai-o-lip;  the 
wound  left  by  which,  however,  may  partly  heal  by  '  immediate  union.' 
Even  the  modemte  efl'usion  of  lymph,  to  a  degree  that  is  altogether 
salutary,  cannot  be  regarded  as  alone  sufficing,  under  such  circumataneeH, 
to  constitute  Inflammation.  But  it  ia  well  known  that  if  a  slight  wound, 
which  ia  thus  healing,  he  provoked  to  an  increased  degree  of  inflammar 
tion,  its  progress  is  interrupted  ;  and  all  the  means  which  the  Surgeon 
employs  to  promote  union,  are  such  as  tend  to  prevent  the  accession  of 
this  state. — The  only  case  in  wliich  the  concurrence  of  Infljimmation  can 
be  regarded  aa  aalutary,  is  that  in  which  there  is  a  deficiency  of  Fibrin  in 
the  blood,  causing  a  deficient  or^/anii:iibilUi/  of  the  lympii.  It  has  been 
teen  that  the  anioimt  of  fibrin  is  rapidly  increased  by  inflammation  {§  188); 
and  the  Surgeon  well  knows  that  a  wound  with  pale  llabhy  edges,  in  a 
depressed  state  of  the  Hystem,  will  not  heal,  until  some  degree  of  Inflam- 
mation has  commeuceiL  But  when  the  inflammatory  state  has  developed 
itself,  in  however  trifling  a  degree,  there  is  always  a  risk  of  its  proceeding 
further,  and  occasioning  a  degeneration  of  the  plastic  material,  ao  that 
the  formation  of  [>iut-cella  and  the  effusion  of  purulent  fluid  take  place, 
iuttead  of  the  develojiment  of  uniting  tissue, 

3fi3.  The  reparation  of  wounds,  in  which  there  has  been  so  great  a  loss 
of  Bubstanc<>  that  neither  immediate  union  nor  adhesion  by  a  thin  layei'  of 
eoagulable  lymph  can  t^ike  place,  is  accomplished  by  the  gi-adual  develop- 
ment of  new  tissue  from  the  '  nucleated  blastema'  with  which  the  cavity 
is  first  filled.  But  this  may  take  jdace  in  difierent  modes,  according  to 
tii«  d«^ree  in  wliich  it  ia  disturbed  by  the  loflannnatory  process;  and  it 
diould  be  the  great  object  of  the  Surgeon,  to  procure  the  most  favourable 
inetbod  of  its  performance.  It  has  been  shown  by  Mr.  Paget  (Op.  cit.), 
that  the  mode  in  which  the  process  of  filling-up  is  accomplished,  diiTers 
ewentially  according  as  the  wound  is  subcutaneous,  or  is  exposed  to  air. 
In  iJie  former  case,  the  nucleated  biairtenia  is  gradually  developed  into 
fibrous  tissnea  without  any  loss,  and  usually  with  freedom  from  local 
inflammation  (beyond  what  may  have  been  requisite  for  the  production  of 
the  plastic  fluid),  as  well  aa  from  constitutional  irritation.  In  the  hitter 
case.  tSie  nucleated  blastema  is  developed  into  cells;  and  those  on  its 
exposed  siirfiice  are  unable,  either  from  degeneration  or  from  imperfect 
derelopment,  to  jjua.'i-on  to  any  higher  form  of  organization,  but  take-on 
the  characters  of  pus-cella,  and  are  only  fit  to  be  cast-off.  Hence  there  is 
a  continual  loss  of  plastic  material,  the  amount  of  which,  in  the  cose  of  an 
extensive  suppurating  sore,  forms  a  most  serious  drain  upon  the  system; 
whilst,  at  the  same  time,  the  local  inflammation  gives-rise  to  more  or  less 
of  constitutional  disturbance,  and  the  formation  of  new  tissue  is  by  no 
means  ao  perfect  as  in  the  preceding  case.  In  cold-blooded  animals,  how- 
ever, the  contact  of  air  doea  not  produce  this  disturbiijice ;  and  we  see 
wounds  with  exten-sive  loss  of  substance  gradually  fiUed-up  in  them  by 
the  development  of  new  tissue,  without  any  au]ipui-ation  or  other  waste  of 
material,  very  much  na  in  thesubeutaneouBwounda  of  warm-blooded  ani- 
mals. This  method  of  healing,  which  has  been  tenned  by  Dr.  Macartney 
the  'modelling  process,'  ia  nothing  else  than  healing  by  granulations 


OT  HUTKIl'IOIT. 


under  t^e  most  iaToumblc  circuiDHt4ijicea;  and  to  pnoore  this  I 
tlio  en'Ieavour  of  the  Surgpon,  wlio  too  frequently  conndeis  I 
gntDuluCioa  as  the  only  mtuLUE  by  wlueh  aii  opeu  wound  caii  Iw  h!)nl-BB 
The  difi'erence  between  the  two  modes  of  reimration  is  often  one 
and  death,  especiidly  in  the  rase  of  Urge  bums  ou  the  tninl:  in  eh 
for  it  frequently  happens  tb&t  the  patient  uioks  under  the  great  < 
tionol  disturbance  occasioned  by  a  large  suppurating  surface,  aJlhuugb  I 
has  survived  tbeimmediateshook  of  the  injury. — Now  themeanaodc 
by  Nature  to  bring  this  about,  in  warm-blooded  animals,  iatlie  f'n 
ofa«ca£,-  which  reduces  the  wound  more  nearly  to  the  condiboD  at\ 
BubcutnneDus  one.  so  thiit  the  reparative  growth  and  formatiou  of  i 
tisaue  take  place  (under  favourable  circumstancea)  without  any  sujii 
tion,  and  with  scarcely  any  in-itatjon ;  the  subsequent  cicatrix.  Um,  I 
much  moi-e  like  the  natural  parts,  than  are  any  bcots  formed  in 
that  remain  exposed  to  the  air.     In  the  Hamnn  subject,  Lowe     _ 
prooefls  is  far  less  certain  than  it  is  among  the  lower  animals,  owing  tnl 
liability  to  inflommatiou  in  the  wounded  fxirt,  and  the  conse<]Ueut  etfnxia 
of  fluid,  which  products  jiain,  com]>reHse8  the  wounded  surfatw,  or  I 
ofl'  the  scab,  with  gn-at  discomibi't  to  the  jiatient,  and  retanlalinn  oft 
healing.     Small  wounda,  however,  bi  pcrsonn  of  p-iod  habit  of  Iwly,  i 
in  piLii^  which  can  be  completely  kept  at  rest,  readily  heEil  in  thia  tiuuu 
and  large  wounda  have  been  known  to  close,  in  the  same  desinibli- 1 
beneath  a  clot  of  inspissated  blood.      In  fact,  among  '  imcivilizryl '  nfltia 
whose  habits  of  life  are  fevourable  to  health, — their  boijies  ticiiig 
tinually  exposed  to  fi-esh  air,  their  food  wholesome  and  taken  in 
tion,  and  their  drink  watei'  of  othef  unfitimiJating  liquids, — ^thew) 
to  be  as  great  ateudency  to  this  method  of  reparation,  as  exists  among! 
lower  animals ;  and  the  dilBctdty  of  procuring  it  among  the  mt-iubcrs  ( 
'  civilized '  comnmniticB,  is  owing,  without  doubt,  to  the  nnnatnral  i 
tions  under  which  they  too  frequently  live.     Seeing  as  wecontinu 
the  effects  of  foul  air,  of  habitual  excess  in  diet,  and  of  the  cocL'tAiit  aC 
of  Btimidants,  in  impairing  that  form  of  the  reparative  process  which  i 
be  reganlo<l  as  the  Itxuil  favourable,  namely,  the  closure  of  a  wound 
suppurating  granulations,  it  is  very  easy  to  comprehend,  thnt,  to 
the  jHost  favourable  method,  the  most  perfect  freedom  from  all 
agencies  should  be  required. 

304.  The  most  effectual  means  of  promoting  this  kind  of  Rep 
process,  and  of  preventing  the  interference  of  luflammotion,  vaiy  i 
ing  to  the  nature  of  the  injury.  The  exclusion  of  air  from  tlie  i 
and  the  regulation  of  the  temperature,  appear  the  two  [joints  of  chid 
importance.  By  Dr.  Macartney,  the  constant  application  of  uioistoi*!^ 
also  tnsisled-on.*  He  states  that  the  immediate  effects  of  injuriee^  i 
cially  of  such  as  act  severely  upon  the  sentient  extremities  of  the  i 
are  best  abated  by  the  action  of  '•  steam  at  a  high  but  comfortaWr  t*B" 
perature,  the  influence  of  which  is  gently  stimulant,  and  at  the  same  tinwl 
extremely  soothing."  After  the  pain  and  sense  of  injury  havn  f***'] 
away,  the  steam,  at  a  lower  temperature,  may  bo  continued ;  and.  sooorf-l 
ing  to  Dr.  M.,  no  local  apjilication  can  compete  with  this,  when  0»\ 
Indanunation  is  of  an  active  character.  For  subsequently  restraitiing  I 
this,  however,  so  as  to  promote  the  simple  reparative  process.  W«tw- 

*  "TrcoUaeoD  laAiuniaBtion,"    p.  17S. 
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tlreaaing  will,  he  conaidera,  answer  BuiEciently  well ;  its  principal  object 
being  tlie  constant  prodiiotion  of  a  niodenite  degree  of  Cold,  which  dimi- 
nishes, whilst  it  does  not  estinguiab,  seiitiibijity  and  vascular  at'tioti,  and 
allows  the  lte|iarative  proci'ss  to  be  uarried-on  lu  in  the  inferior  tribes  of 
animals.  The  reduction  of  the  heat  in  an  extremo  degree,  as  by  the 
application  of  ice  or  iced  water,  is  not  here  ealled-for,  and  would  be  posi- 
tively injurious ;  since  it  not  only  renders  the  existence  of  Inllanunation 
in  the  part  impossible,  but,  being  a  direct  sedative  to  all  vital  activity, 
luspends  also  the  process  of  restoration.  The  efficacy  of  Water-dressing 
in  injiu-iea  of  the  so veivst  character,  and  in  those  which  ai*  most  likely  to 
be  attended  with  violent  Inflammation  (especially  wonnda  of  the  largo 
jointe)  hae  now  been  established  beyond  all  qmwtion ;  and  its  employ- 
ment is  continually  becoming  more  general.* — Other  plans  have  been 
proposed,  however,  which  seem  in  |Mirtic\dar  caaea  to  1*  equally  effectual. 
To  Dr.  Greenhow,  of  Newcastle,  for  instance,  it  wna  iiccidentally  sng- 
gceted,  a  lew  years  siiice,+  to  cover  the  surface  of  recent  burns  with  a 
liquefied  resinous  ointment,  so  as  to  form  an  artificial  scab ;  and  ho  states 
that  in  this  manner  suppuration  may  be  prevented,  even  where  large 
ilougha  are  formi-d ;  the  hollow  being  gradually  filled-up  by  new  tissue, 
which  is  80  like  that  which  has  been  destroyed,  that  no  change  in  the  snr- 
iiice  mauitests  itself,  and  none  of  that  contraction,  which  ordinarily  occurs 
even  under  the  best  management,  subsetiueutly  takes  place.- — A  plan  has, 
moreover,  been  proposed  for  preventing  suppuration  and  promoting 
npttration  by  the  '  modelling'  process,  which  cousista  in  the  application  of 
varm  dry  air  to  the  wounded  surface.  Although  the  exptirimenta  yet 
publi:ihed  have  not  been  entirely  satisfactory,  they  seem  to  show  that, 
whilst  ihe  pi'ocess  of  healing  may  l>o  slower  under  treatment  of  this  kind, 
it  is  att«nded  with  less  constitutional  disturbance  than  is  often  unavoid- 
»ble  in  the  ordinary  method;  and,  that  it  may,  therefore,  bo  advan- 
Ugeoualy  put  in  practice  in  those  cases,  in  which  the  condition  of  the 
patient  requires  every  precaution  against  such  an  additional  builihen, — 
as  after  amputation  in  a  strumous  subject.^ 

36i).  When  the  process  of  healing  of  an  ojien  wound  by  Suppurative 
Granidatton  is  attentively  watched,  it  is  seen  that  the  first  stage  is  the 
formation  of  a  '  glaring'  on  the  exposed  surlUce,  whieh  closely  resembles 
the  bufly  coat  of  the  blood,  being  composed  of  coagulatwl  tibriii  .ind 
coloui'lcss  corpuscles ;  in  this  manner  a  sort  of  imjierfect  epithelium  may 
be  forme<l,  within  half  an  hour  after  the  surfiice  has  been  laid-bare.  Tlic 
increase  of  this  glazing  is  the  prelude  to  the  formation  of  granidationa ; 
hut  whilst  it  is  goiug-on,  there  is,  iu  and  about  the  wound,  an  apficarance 
of  complete  inaction,  a  sort  of  calm,  iu  which  scarcely  anything  appears 
eTC«pt  a  slight  oozing  of  serous  fluids  from  the  woimd.  and  which  con- 
tinues from  one  day  to  eight,  ten,  or  more,  according  to  tlio  nature  and 
ext«nt  of  the  wounded  part,  and  the  general  condition  of  the  body.  "This 
calm,"  says  Mr.  Psget,  "  may  ho  the  brooding-time  for  either  good  or 
evil ;  whilst  it  lasts,  the  mode  of  union  of  the  wound  will,  in  many  cases, 
be  determined ;  the  healing  may  be  perfected,  or  a  slow  uncertain  process 

*  S»  ui  socoiuit  of  tbe  results  of  thia  traatment  by  Dr.  Qilehriit,  in  "Brit,  and  Pot. 
ITed.  B«*.,"  Jul;  lB4d,  p.  S12. 

t  "MwliailGaiette,"  Ort,13,  1S3S. 
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of  repair  may  be  but  just  begun ;  and  the  mntoal  iofuptice  wbicb  ^1 
injury  and  the  [iatieut'n  ctJiistitution  are  to  exercise  on  one  anotW,! 
apjiears  to  he  manifested  more  often  at  or  near  the  end  of  this  perio ' 
than  at  any  othei-  time."     Tlie  cejisation  of  this  period  of  c«Jm,  and 
active  couunencenicint  of  the  reparative  operations,  are  marked  bj  tht 
restoration  of  the  flow  of  blood  in  the  vesaela  of  tlie  wounded  part;  Injl 
the  cuiTeiit  is  not  altogether  normal,  being  alowcr  but  fuller  than  uulu 
BO  that  on  the  whole  more  blood  than  uau&l  passes  ihiuugh  the  cuj'ilUr 
plesus.     This  increuaed  afflux  of  blood  is  followed  by  effusion  of 
material  in  increased  proportion ;  and  it  is  &om  this  ellUsion.  tlul 
granulating  procMsss  properly  commences. — The  plastic  mat«!rial  rffis 
upon  the  su^ce  of  nn  opat  wound,  is  first  develojied  into  cells : 
these  cells,  in   the   deeper  portions  of  the  efliision,  are  luelaini-qjho 
into  fibrous  tissue,  of  which  the  substance  of  the  graniUationa  ibcoio} 
Those  whioh  are  formed   upon   the  surface,  howerer,  are  canv«rt4)d 
pua-cells  (§  375);  in  some  instances  (as  Mr.  Paget  has  pointvd<i>ut)  bJ 
degeneration  from  a  higher  development ;  in  other  oases  by  an  mipB 
imperfect  development;  and  thus  the  granulatiiju-surfaceisconst'intly  lu 
a  state  of  morbid  action,  and  a  large  projiortion  of  tlie  plastic  nialcrij  i) 
completely  wasted.     The  layer  of  pus,  however,  serves  as  a  sort  i>t' ojiitl)^' 
lium  for  the  subjacent  granidation-tisaue,  in  which  we  find  not  only  I 
complete  formation  of  cells,  but  a  commencement  of  llie  inetuinorph 
of  these  cells  into  fibres,  before  blood-vesacls  make  thmr  appeftrutrc 
the  tissue.     These  hlood-vessels  are  formed  by  "oul-growUi"  froa 
sulijauent  oapilluriea,  in  the  motle  elsewhere  described  (Piiikc.  oc  Oi 
Phys.),     Fi-om  the  InvestigAtiona  of  Mr.  Liston,  it  nppi'ara   that 
vessels  of  the  subjacent  tissue  are  much  enlarged,  and  assume  a 
character.     Tlie  bright  red  colour  of  the  granulations,  however,  does  ) 
depend  on  their  vascularity  alone ;  for  the  cetls  themselves,  esp«wi« 
those  most  recently  evolved,  are  of  nearly  as  df.'ep  a  colour  as  tli"  bio 
corpuscles ;    and    the   sanguineous    exudation    which    follows   even 
shghtcat  toAich  of  the   granulating  surtace,  does  not  proceed   from  bli> 
effused  from  the  newly-foi-med  vessels  only;  for  the  red  fluid  shed  in  i 
manner  contains,  besides  blood-discs,  newly-developed  red  cells, ; 
cytoblasta,  pale  granules,  and  reddish  serum.    It  is  a  common  projiertv  i^  ' 
animal  cytobliista,  that  they  present  a  reddish  colour  on  their  first  fin 
tion,  when  in  contact  with  oxygen;  but  this  hue  they  lose  again,  whe 
they  advance  to  perfect  development  and  become  integrai  {lartaof  alt* 
tissue,  or  die  and  degenerate. 

3CG,  The  process  of  Sujipurative  Granulation,  then,  appears  to  difl 
from  the  process  of  granulation  as  it  takes  place  in  doaett  wounds,  or  in  I 
warm    mojat    atmosphei-e  (the   '  modeUing-process'   of    Dr.   MacAltiuji 
essentially  in  this :— that  a  large  jiart  of  the  exudation -corpuscles  deji 
on  the  wounded  surface  degenerate  into  jnis  in  the  former  ease,  wh 
none  nj-e  thus  wasted  in  the  latter ; — but  that  the  existence  of  iudamo 
tion  occasions  a  more   copious   supply  of  fibrin  in  the  former  case,  I 
increases  its  tendency  to  become  organized :  the  fiUing-up  of  a  woutul ' 
granulations  being  thus  a  much  more  nipid  process,  than  that  renewsJf 
the  coui pi et«!y- formed  tissues,  which   may  take  place  in  the  ahKDW^I 
inflammation.      The  imperfect  character  of  the  granulation -si  ruptut»  it  I 
ahovn,  by  the  almost  complete  disappearance  of  it  after  the  wonod  i«J 
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woKdrOver.  The  portion  of  it  in  immediate  coiiltict  with  the  auljuceiit 
ti&nie,howevi^i-.  appwirs  to  undergo  a  higliwr  orgiiniaitioii ;  for  it  becomes 
the  medium  by  whioh  the  cicatrix  is  made  to  aJheru  to  the  bottom  of  the 
wouml.  It  in  very  liable  to  undergo  ehangea  which  end  in  its  disintegra- 
tion ;  as  is  ovidoat  from  the  known  tendency  to  re-opeJiing,  in  wounds 
that  have  been  closed  in  this  manner. 

367.  When  two  opposite  surfccca  of  granulatioiiH,  well  developed,  but 
not  yet  covered  with  cuticle,  are  brouj,'ht  into  ajijiositiou,  they  have  a 
tendency  to  unite,  like  the  two  origiiiid  Burliioea  of  an  incise<l  wound. 
This  method  of  union,  whicli  was  noticed  by  Johu  Huoter,  hna  i>eeu 
^prcipriately  termed  '  secondary  adhesion'  by  Mr.  Paget.  The  surgeon 
may  frequently  have  recourse  to  it  with  great  advantage,  when  primary 
ndlieaiou  is  imposdible,  and  when  the  hlJing-up  of  the  wound  with  granu- 
Litions  would  he  a  t«dioiia  [irocesra,  and  very  exJiauating  to  the  patient. 
In  applying  it  to  pra-'tice.  it  is  eaamtial  to  success,  firat,  that  the  granuhi- 
tioiiH  should  he  healthy,  not  inflamed  or  profusely  secreting,  nor  degene- 
rated a.>(  thi.ise  in  ainuses  commonly  ai* ;  and  secondly,  that  the  contact 
between  them  shoiilil  be  gentle  but  maintained ;  it  seems  desirable,  aUo, 
that  the  granulatiou-.surtiiceii  should  be  as  much  as  possible  of  equal 
development,  and  alike  in  character.* 

3. — Abnormid  Foniu  of  the  NtUritive  Ptocmh. 

368.  Under  the  preceding  Jieail,  we  have  considered  the  chief  variations 
in  the  degree  of  activity  thiit  ai'e  witnessed  in  the  ordinary  or  normal 
conditions  of  the  Nutritive  proce.is, — thoi«.'  coiiditiotis,  namely,  in  which 
the  pri»ducts  are  adapted,  by  tlieir  similarity  of  character,  to  replace  those 
which  have  been  removed  by  diainlegratiou.  But  we  have  now  to  oon- 
nder  those  forms  of  this  process, — ^in  which  the  products  are  abiwrnud, — 
banji;  different  from  the  tissues  they  ought  to  replace.  We  aliall  confine 
ounelves  to  a  brief  examination  of  a  few  of  some  of  the  most  important 
of  these  states ;  and  that  which  firat  claims  our  consideration,  on  account 
of  the  frequency  of  its  occurrence  and  the  imijortance  of  its  results,  is 
laftaiaiiiotiori.- — Although  Pathologists  liave  been  accustomed  to  look  for 
the  ■  prostimate  cause'  of  the  phenoineiMi  which  osflentially  constitute  the 
Inflauiniatory  state,  or,  in  other  words,  for  tlie  first  departure  from  the 
normal  course  of  vital  action,  in  the  enlarged  or  contracted  dimensions  of 
tlie  blood-vessels  of  the  inflamed  |iart,  or  in  the  altered  rate  of  movement 
of  the  blood  through  it,  yet  it  may  now  be  safely  affirmed  that  these  are 
only  secondary  alterations,  depending  upon  an  original  and  eitsentml  per- 
venion  of  that  normal  reaction  between  the  blood  and  the  tisauea,  which 
oonstitutea  the  proper  Nutritive  process.  This  pervemion  manifests  ifaelf 
(1)  in  a  diminution  iti  the  formative  activity  of  the  tissues,  leading  to 
tbeir  degenieratioD  and  death ;  ('2)  in  a  tendency  to  augmented  production 
of  tte  plaatic  components  of  the  blood ;  and  (3)  in  the  effusion  of  these 
components,  either  in  a  state  in  which  they  may  paisa  into  a  lew  form  of 
oi^uiized  tissue,  or  in  such  a  degraded  condition  that  they  are  altogether 
imor^uiiEable,  and  are  lit  only  to  bo  caatr^ut  fi-om  the  body.  Each  of  these 

•  On  »1«  whole  mibjert  uf  the  Sqwnrtivc  Procoswa,  seo  Mr,  Pigst's  ndmimlile  "  Lec- 
tsrwon  Sni^cal  Palholusj"  ('>j1.  i.,  Loot,  vii.-iii,);  from  which  mMJ  of  Ihc  foregiung 
■Urleaunto  lod  dootnaiis  are  adopted. 
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pboQomeua  ri;4ulres  a  sepunte  exanunatioo,  botli  Bfi  to  its  ckubw  uul  lb 
couBiiqiienaes. 

3C9.  Altbau|jh  it  hoa  been  custoiuary  to  i!peak  of  tiiflamraatian  ui 
state  itf  '  ittcreji^ed  action'  in  tbepart  aSertcd, — uf  wbicb  increasetlBetMU, 
tbe  augrnentution  in  tbe  bulk  ami  weight  of  iia  iufiomed  part,  aad  in  llaJ 
quantity  of  blood  wbicb  imsses  tbrougb  it,  tugetber  with  its  higher  tel^l 
peralure  and  more  uoute  wnsibibty,  would  seem  to  furnish  Eufflmotl 
evidence, — yet  all  tbt«e  signs  are  found  to  be  deceptive,  wboa  tht^  mi 
more  closely  examined;  and  the  conclusion  is  forced  upon  na,  Ihkt ' 
rital  [Mwer  of  the  jiart  is  really  depressed  rather  than  exalted.  For 
iucrease  in  bulk  oud  weight  is  not  due  to  such  an  augmentAtian  of  ik 
proper  tissue,  aa  would  truly  constitute  Hypertrophy;  on  the  cent 
even  in  the  slightest  furniR  of  Indamuiation  there  is  such  a  diminution  i 
the  mte  of  its  nutrition,  as  really  constitutes  Atrophy;  and  sueh  augioa 
tation  of  the  solid  ma^ts  as  may  take  place,  is  produced  by  the  {iBssnp^ 
the  effused  fluid  into  an  organized  tissue  of  the  lowest  kind,  und  tbifinl 
virtue  rather  of  its  own  plasticity,  than  of  tbe  vital  force  which  ildtiimi 
&om  tbe  tissues  which  it  infiltrates.  That  there  has  been  nn  atropl^l 
rather  thou  a  hypertrophy  of  tbe  proper  fabric  of  thu  poJt,  becotMl 
evident  enough  when  the  inflammation  has  passed-away,  and  this  uvwlj- 
formed  tissue  undergoes  degeneration  and  absorption.  Tbe  only  tissuil 
in  which  there  is  any  appejirance  of  increased  foriuatiou  during  tli*J 
inflammatory  state,  are  those  wbicb  corresjjond  in  their  low  type 
organization  with  the  new  tissue  thus  generated:  namely,  tbe  are-iUruul] 
other  simple  flbruus  tissues,  and  also  the  osseous,  of  which  the  orgMninf  | 
basis  is  somewhat  of  the  same  kind,  When  ibe  liiflaiumatioo  in  nionl 
severe,  the  tendency  to  degeneration  in  the  proper  tissues  of  tlie  pwtl 
becomes  very  obvious;  for  it  is  by  their  uite.rntitia!  de«iv  and  removal,] 
that  the  cavity  of  aa  utsceiM  la  formed;  it  is  by  their  <ru/ier/iciWdcallt| 
and  absorption  or  solution,  that  ulceration  takes  ]]tace;  and  it  id  in  tldi 
death  of  a  whole  ma«s  at  once,  that  gangrene  consists. 

370.  That  a  diminution  in  the  formative  activity  of  tbe  Tiseara  il  Kt\ 
essential  cbiinicteristic  of  the  Inflammatoryatate,  further  a(ipearsfrijrathBl 
atudy  of  its  Etiology ;  for  whether  the  causes  to  which  the  inflammiitoryl 
attack   may  be  trac-ed  are   lociii  or  general.,  acting   primarily   hjkju  thill 
tissues  of  the  part,  or  first  aflecting  the  blood,  their  operation  is  eesentiall^ 
the  game.      Thus  the  h)cal  causes  are  all  obviously  such,  as   tend  citW 
directly  to  depress  the  vital  powers,  or  to  olevat*  them  at  first,  ami  thai 
to  depress  them  byexhaustiom     Of  the  former  kind  are  cold  and  mecbt-J 
nical  injury;  also  many  chemical  agents,  whose  o]>eration  tends  to  ! 
back  tbe  living  tissues  to  the  condition  of  inorganic  compounds.    Und 
the  latter  category  are  to  be  ranked  all  those  agencies,  wbicb  prodo 
over-exertion  of  the  functional  power  of  the  jKirt ;  amongst  which  may  1 
named  heat,  when  not  so  excessive  as  to  produce  a  directly  destnicti* 
efiect.     Now  cold,  heat,  cbcniieal  agents,  and  mechanical  injury,  wh 
ojieratin^  in  sufficient  intensity,  at  once  kUl  the  part,  by  entirely  destr 
ing,  instead  of  merely  depressing,  its  vital  powers;  and  it  is  on 
borders  of  the  dead  part,  where  the  cause  has  acted  with  leos  ptitenc 
tlmt  we  find  tbe  infiammatory  state  sulKHHiuently  pre-senting  itself — C 
the  other  hand,  thei-e  can  be  no  doubt  that  many  inflammations  luv 
their  origin  in  morbid  einditioTis  of  the  Blood,  wbicb,  without  any  otlwcl 
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cause  whatever,  lauy  dettrmiDe  all  tbe  other  pheuomena.  This  ia  most 
obvious  with  rt'gai-d  to  those  of  a  '  s|.>ecific'  kiod;  but  it  ia  also  probably 
true  of  the  majority  of  the  so-called  sfiontaneoiia  or  constitutional,  as 
diatingiiished  from  traumatic  inflamioatiooH.  We  seem,  indeed,  to  be 
able  to  trace  a  regular  gradation,  between  inflammatory  attacks  which  are 
entirely  traceable  to  the  introduction  of  a  poison  into  the  blood,  and 
those  which  result  from  canses  purely  local  Under  the  first  head,  we 
may  nnqueationably  rank  such  inflammatory  diseasea  as  are  produceable 
by  inoculation,  the  eruptive  fevers  for  eiaiaple;  and  acaroeiy  less 
thoroughly  demonstrated  are  the  cases  of  rheumatism  and  gout,  and 
many  inflammations  of  the  cutaneous  textiiri'S,  which,  when  occurring  in 
the  chronic  form,  tend  to  exhibit  a  regular  symmetry  {§  217),  In  all 
Buch  caaes,  the  local  iitFections  are  the  external  signs  of  the  general  afiec- 
tioD  of  the  blood,  just  as  are  the  inflammations  produced  by  the  intro- 
duction of  arsenic  or  of  other  irritant  poisons  into  the  circulation;  and 
they  may  in  fact  lis  reasonably  attributed  to  the  iiajiiiirment  of  the 
formative  activity  of  the  parts  ujwu  winch  these  jioiaons  fix  theniselveB, 
in  virtue  of  their  'elective  affinity'  (§  223),  just  as  tlie  pecnlior  functional 
activity  of  the  nei-rous  eenti-ea  ia  affected  by  narcotic  poisons.  And  this 
Tiow  drthe  reully-local  notion  of  what  oi-o  primarily  regarded  as  general 
or  constitutional  causes  of  inflammation,  ia  conflrmed  by  the  fact,  that 
the  localization  of  the  perveitcd  nutritive  condition  ia  often  determined 
(as  both  Dr.  W.  Budd  and  Mr.  Paget  have  remarked)  by  a  pi;evious  or 
concurrent  weakening  ordepresaion  of  the  vital  activityof  the  part.  Thus 
a  part  which  has  been  the  seat  of  former  disease  or  111)107,  *"*!  which  has 
ni'vcr  recovered  its  vigour  of  nutrition,  is  always  moi*  liable  than  another 
to  be  the  seat  of  local  mauifestiitiou  of  blood-disease ;  it  ia,  in  common 
language,  the  '  weak  jmrt.'*  And  it  frequently  needs  snob  a  concurrent 
o|ipration  of  a  local  depressing  cause,  to  tix  and  develope  the  action  of  the 
con-stitutional  CAUse,  or  blood-disorder;  thus,  a  rheumatic  or  gouty  dia- 
thesis may  exiat  for  some  time  (as  when,  to  use  a  common  expression, 
the  disease  is  '  flying  about' the  jjatieat),  and  yet  the  poison  may  not 
have  sufficient  potency  to  produce  an  attack  of  acute  inflammation,  until 
the  vitality  of  some  particular  organ  becomes  depressed  by  cold,  over- 
exertion, or  some  similar  influence,  which  would  not  have  itself  engen- 
dered the  diseased  action,  had  it  not  been  for  the  concurrence  of  the 
morbid  condition  of  the  blood. — Thus  we  seem  justified  in  concluding, 
that,  whether  the  causes  of  Inflammation  act  directly  upon  the  tissnes  of 
a  pArt,  or  whether  they  act  upon  it  through  the  intermediation  of  the 
blood,  their  effect  La  to  pi-oduce  a  depreaajon  in  its  vital  powers,  which 
manifesla  itself  in  ii  deficient  Jbrmativa  acliii'li/,  and  in  an  incmuai  leii- 
deneif  to  degeneralinn  ;  and  that  this  is  one  of  the  primary  and  essential 
conditions  of  Inflammation. 

371.  This  view  ia  by  no  means  inconsistent  with  the  occurrence  of 
other  manifestations  of  Inflammation,  which  have  been  supposed  to  indi- 
dle  '  increased  action ;'  anil,  in  fact,  it  is  in  such  striking  accordance  with 

•  Thii!  Impetigo  appcire  nliout  Wons  anil  «'nit.-he»  in  unbealthy  cliildren,  aud  Erysi- 
peliU  int  ntUkiika  the  lenl  u(  li>2al  injury  ia  mon  iritli  unlicallby  HioA,  Porhik;jH  as  goiA 
AQ  eiAUiple  at  f^nj,  is  a,fford<^  by  the  naiforni  limilAtioD  of  tbe  influnimihtir^n  cunseijucut 
npOB  U»  intmdoctiuii  of  Vmwine  inatltf  intu  the  blooil,  to  the  «pot»  in  whifh  llie  piinrturo 
wuinado;  nuloithBtuiiliiig  tbat  Lbe  xfaoli:  m&sa  uf  bluud  in  affwlcil  bj  it,  lu  La  bLuwii 
bj  Its  incKpuitj  Tut  sabifequeutly  davclopijig  the  poitiuD  uf  hqmU-pot. — C^eo  Uao  ^  231. 
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the  phBDomenfi  preseuteJ  by  the  movement  of  the  blood,  wL^n  t.iiw«  uk  I 
interpreted  bj  tbe  principk-e  alrcaily  liud-dowu.  as  to  aflbnl  a  ]iv«(t(ii1I 
cottlirmation  to  \ioth  dnctriuea.  The  usual  condition  of  tbe  T«iwel«  of  uli 
intlaincd  pftrt,  is  one  of  dilatation;  and  this  ni«y  be  fiiirly  uttnbutiM  tol 
(be  lowered  vitality  of  their  walls,  wberpby  they  yield  tou  reiulily  totlul 
diateuding  force  of  the  current  of  blood.  But  this  current  luovn  loui 
sdowly;  and  its  retardation  may  gradually  increiise,  in  the  jiMt  Totdi 
intensely  inflamed,  to  the  point  of  complete  stagnation.  Now  tbiitftUrndl 
rat*  of  movement  cannot  be  attriliuted  to  any  general  cunae:  nor  can  ill 
be  accounted -for  by  tbe  cbange  in  the  diameter  of  tbe  vessels:  for.uotUj 
one  hand,  it  mo-y  occur  with  a  constricted  state  of  tbo  vessels,  wliiltl,! 
on  the  other,  in  the  vesaels  surrounding  the  inflamed  part,  which  ^airulisl 
of  the  dilut«il  condition,  the  flow  of  blooil  is  bo  far  from  being  Ti;tjuiled,j 
thiit  it  usuhIIj  t«kea-|ilacu  more  rapidly  than  usual  But  it  may  be  furl^j 
considered  as  the  result  of  the  lowered  or  suspended  nutritive  fUTtivilj  i 
tbe  part,  which  will  tend  to  retard  or  entirely  check  the  motion  ufbli 
in  the  systemic  ca|iillaries.  just  as  the  want  of  aeration  retards  or  cb 
the  pulmonujy  circulation  {§  272).  It  ia  quite  true  that  a  larger  aioo 
of  blood  {uiBsea  through  a  luub,  of  which  Minie  part  is  in  a  stAte  of  Mtin 
inflammation,  than  passes  through  the  corresponding  sound  limb:  Ink 
this  is  far  from  indivating  '  increased  action'  in  the  inflamed  jutrt,  Ix 
dependent  upon  the  augmented  flovr  of  blood  through  the  tissiirs  uLielil 
surround  it;  and  if  l/ie  trluilc  of  a  limb  be  in  a  state  of  iuflamuiiligu I 
paasing-o"  to  gangrene  (its  occurs  when  b  'frost-bitten'  limb  bnx  Wal 
in«iutioui-ly  wurmed),  the  amount  of  blood  wblcb  passes  thrf.ugh  11 
diminislied. — It  would  be  just  a»  ciToneous  to  oKsume  tbe  elevatwl  tifn 
porature  of  an  inflamed  part  aaii  sign  of  'incrcaseil  action'  in  it;  for  I 
elevation  is  no  dovibt  attributable  in  part  to  the  augmented  flow  of  liU 
through  the  BUiToundJng  vessels;  and,  so  fiu-  as  it  depends  upon 
changes,  it  obviously  indicates  a  more  rapid  disintegration  of  tUEW,] 
rather  than  a  more  energetic  production  of  it;  since  it  is  in  the  fo 
state,  rather  than  in  tho  latter,  that  the  conditions  of  the  developrnml  I 
beat  (on  the  cheniical  theory)  ure  supplied,  as  wo  see  that  tb«  beat  <tf  I 
muscle  is  the  greatest  when  it  is  being  disintegrated  by  active  cxcr 
not  when  it  is  being  reiiaired  by  the  formation  of  new  ti.ssue  in 
intervals  of  repose.  But,  as  Mr.  Piiget  justly  remarks,  "  this  phenome 
is  involved  in  the  same  difficulty  as  arc  a\\  those  that  concern  the  lo 
variations  of  temperature  in  the  body;  difficulties  which  the  doctriuwt 
Liebigi  however  good  for  the  geneml  production  of  heat,  are  i]uite  unship 
to  ex]ilain."  (S(«  Chap,  .v.^— And  lastly,  with  regai-d  to  the  uim 
tenderness  of  inlliimed  jiarta,  this  ia  obviously  due  to  such  a  coiabiaatio 
of  causes,  neither  of  which  can  be  legitimately  held  to  indicate  an  bw 
of  its  juviper  vital  activity,  that  nothing  c-au  he  rested  on  this  aloDcj 
eapociaily  as  we  see  an  augmentation  in  the  susceptibility  of  the  BentiOTl 
nerves,  uudor  many  ciivunistjtnces  (as  in  hysterical  disorders},  in  wb 
far  from  an  aiiffiufnfed,  there  is  obviously  a  iJiiiuiiishetl  activity  in 
parts  from  which  they  spring. — That  neither  an  alteration  in  tbe  circuh'^ 
tion  of  a  l>ajrt,  nor  a  deiMrtui-e  from  the  normal  condition  of  its  ner 
supply,  can  be  regariled  as  one  of  the  essential  phenomena  of  tuflamn 
tion,  is  obvious  from  this,  that  the  most  inijiortant  phenomena  tif  infi«ii-l 
mation  may  present  themselves,  as  roaults  of  injury  or  disease,  iu  jana 
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that  have  neither  blood-vessels  nor  nerves:  this  is  seen  in  the  depoai- 
lion  of  lymph  in  the  cornea,  la  the  iilceration  of  tho  cornea  iiud  of 
&rticu]ar  eartiluges,  and  in  other  morbid  actions  in  these  parts,  which,  if 
ever  they  are  vascular,  become  bo  only  after  tho  eflusiou  of  lymph  in 
them,  the  now  vessels  being  formed  in  this  lymph,  and  not  iu  the  tissues 
themselves.  Here  it  is  obvious  that  the  whole  change  consists  in  a  per- 
vereion  of  the  nutritive  actions  which  the  tisanes  ought  to  carry-on,  at 
the  expense  of  the  materials  which  they  draw  from  the  blood  of  the  sur- 
rounding vessels. 

372.  Of  the  alterations  in  the  condition  of  the  Blood  in  Inflammation, 
an  account  has  already  been  given  (§§  167 — 191);  and  it  is  here  only 
necessary  to  recapitulate  them.  The  most  characteristic  is  the  augmen- 
tation, either  of  the  organizable  or  plastic  fibrin,  or  of  the  organized 
colourless  cor[)uscles;  the  increased  productioii  of  these  two  compo- 
nents setroini;  to  bear  in  some  degree  a  relation  of  reciprocity,  the  one 
to  the  other.  Tho  increase  of  Fibrin  may  be  considered  u«  the  alteration 
most  characteristic  of  a  ]ireviouHly-healthy  and  vigorous  afaite  of  the 
system;  and  it  is  in  the  intlaminatioua  which  occur  in  such  subjects, 
that  the  efiusions  are  most  strongly  ditijiosed  to  become  organized,  and 
show  the  least  tendency  lo  undergo  degenemtive  changes.  On  the  other 
hand,  the  increase  of  the  Qoi-puscular  element  seems  to  occur  in  cachectic 
or  otherwise  unhealthy  individuals ;  and  the  inflammatory  effusions 
which  partake  of  the  same  character,  are  far  less  plastic  originally,  and 
are  estremely  prone  to  undergo  degeneration,  either  at  the  time  of  their 
eSosion,  or  subsequently.  With  this  increase  in  the  proportion  of  fibrin 
itnd  colourless  corpuscles,  sepai-ately  or  in  combination,  there  is  a  tlimi- 
utition  in  the  proportion  of  the  red  corpuscles,  albumen,  and  salts  of  the 
blood.  None  of  these  changes,  however,  can  be  legitimately  regarded  as 
originally  or  essentially  characteristic  of  the  inflammatory  condition ; 
they  ore,  in  fact,  to  be  looked-on  rather  as  the  results  of  its  establiab- 
ment,  constituting  that  series  of  alterations  in  the  circulating  fluid,  which 
is  of  parallel  order  to  that  which  occurs  in  the  solid  tissues  wherein  the 
inflamuiiitory  action  has  been  set-up. 

373.  The  Inflammatory  state  is  further  charncterized  by  the  tffujiiou 
of  certain  of  the  components  of  the  Blood,  upon  the  surface,  or  into  the 
Babatance,  of  the  icttamed  tissues.— The  etfusion  of  pure  ssrufn  cannot 
be  regarded  as  characteristic  of  inflammation ;  since  it  may  take-place  as 
k  mere  reault  of  congestion,  especially  when  this  congestion  is  due  to  on 
obstruction  to  the  return  of  the  blood;  whilst,  again,  it  may  be  due  to 
on  altered  condition  of  the  albiimiuouB  cunstituent  of  the  blood,  which 
favours  its  transudation  (5  183).  The  so-called  serous  eflusiouB  which 
are  poiired-forth  in  inflammation,  do  is  reality  contain  fibrin  iu  solution} 
but  this  fibrin  may  not  manifest  its  presence  by  spoiitaneouB  coagulation, 
until  iu  passage  into  the  solid  ytate  is  favoured  by  the  introduction  of  a 
piects  of  the  washed  clot  of  blood,  or  of  the  bufiy  coat,  or  of  muscle  or 
some  other  animal  tlsHue,  which  seems  to  act  as  a  sort  of  nucleus  of 
fibrillation.  The  pi-eaence  even  of  tibrin  iu  such  an  efftisioD,  however,  is 
not  in  itself  a  sufficient  proof  of  the  existence  of  inflammation;  for  it 
has  been  shown  by  the  experiments  of  Mr,  Robinson,*  that  when  the 
obstraotiou  to  the  return  of  blood  by  the  veins  is  so  great  as  to  occasion 

*  "  Medico-CliiniTgical  Tiauwtiaiu,"  voL  xxri.  p.  SI. 
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au  eJLCesHive  pi-essurt;  witliiu  the  uapillariea,  the  fluid  whitft 
tjuiy  L'oulajii  HDough  fibriu  to  render  it  apouta&eoualy  coa^ulftblci — 1 
forni  of  esudution  which  is  most  cliaracteristic  of  Inflfuiuiuitioii,  is  I 
■which  is  known  as  cuacfiUabU  lymjili;  it  is  much  to  be  desired,  ho«e?«r,j 
that  some  other  designatton  should  be  applied  to  it,  since  the  t«rai| 
'  lymph'  can  only  be  apprnpriiitely  employed  for  the  fluid  contents  of  Uial 
lymphatiu  vessels.  The  peculiar  chariLct^ristic  of  this  inflamniatarrl 
exudation,  ia  ite  capability  of  spontaneously  passing  into  the  coudition  i 
an  orgaiuzed  tissue,  either  librowt  or  cellular,  or  a  mixture  of  both  j 
of  thus  fuiiniug  'false  mcmbraues'  on  inflamed  auriaces,  or  soliiiifTingl 
the  iffltianied  part  hy  the  interstitial  production  of  similar  lowly-orj^sniiail 
tejtturea.  Although  it  has  been  too  much  the  habit  of  Pathologists,  Ml 
apeak  of  '  coaguluble'  or  '  plastic  lymph'  as  if  it  wm-c  always  one  and 
same  thing,  yet  it  rijally  preneDta  various  gradations  of  chjiractt-r,  wh 
are  mauitestc  J  in  its  iliflerenl  degrees  of  organiTability,  and  in  the  diva 
nature  of  the  tissues  developeil  trom  it-  tmJ,  as  Mr.  Paget  hu  ; 
out,'  thei"e  are  two  tyjrical  forms,  the  jiirinmin,  aiid  the 
between  which  the  others  are  intermediate.  The  former  coagulatM  I 
a  flbroua  clot,  resembling  that  of  healthy  blood,  but  usiuUlj  sho 
a  more  distinct  fibrillatioD.  The  latter  (the  'croupous'  exudatioo  idi 
Rokitansky)  is  characterized  by  the  want  of  any  proper  coagnlati<>u,  Owl 
fibrous  clot  being  replaced  by  an  aggregation  of  cells,  which  in  llieir  fir 
appearance  resemble  very  nearly  the  primordial  condition  of  the  om-] 
puaales  of  the  fluids  of  the  absorbent  vesaeb,  and  the  eoloui'lesa  (N-qnuvlaf 
of  the  blood.  It  is  seldom,  however,  that  either  of  these  typitnl  T'lrmj 
of  lymph  presents  itaell'  in  a  stoto  of  complete  isolation  from  the  oilier;) 
they  are  much  more  conimouly  blended  in  various  proportion*,  so 
one  or  the  other  predominates ;  and  it  is  mainly  ii[x>n  the  preponde 
of  fibrin,  that  the  ■  plaaticity'  of  the  exudation  (or  its  cajiacity-  for  or 
ninatioii)  depends;  whilst  according  to  the  preponderance  of  coipusdM,! 
will  be  its  tendency  to  degeneration.  Thus  the  exudation  of  fibriiinoil 
lymph  is  the  symbol  oi'  the  'adhesive'  iaflammatton;  whilst  that  of 
'  corpuscular'  issimilai'lycharacteriitticof  the  'suppurative'  inflontuiatia 
S74.  It  is  obviously  of  great  consequence  to  asoertiun  the  conditio 
which  determine  the  production  of  one  or  other  of  these  states; 
these,  as  Mr.  Paget  has  remarked  (loc.  cit.),  may  be  considered  nnd 
three  heads,- — (1)  the  previous  state  of  the  blood,  (2)  the  scat  of  tlwl 
inflammation,  and  (3)  the  degree  and  character  of  the  ioflamn 
The  cnnditi'm  of  the  bliMtfl,  as  determining  that  of  the  Ivniph,  lias  bwa] 
carefidly  studied  by  Rokitansky;  who  has  shown  that  the  churaiittT 
of  inflammatory  deposits  in  difierent  diatheses,  corresjjond  very  genenJlfi 
and  closely  n-ith  those  of  the  coagula  found  in  the  heart  and  pulnounry 
vessels  after  death.  The  reaulta  of  Mr.  Paget's  esperiments  on  the  bmm 
subject  have  been  already  cited  (§  312).  And  clinical  observation  foUjd 
confii'ms  this  doctiine  by  evidence  of  another  kind ;  that,  u&mely,  whic 
is  afforded  by  the  (UfTerent  course  of  the  same  specific  diseaaes.  in  dif-j 
ferent  individuals,  according  to  the  pre-i-iously  healthy  or  abuomidl 
condition  of  their  blood.  There  can  be  no  doubt  that  a  veiy  lurgv  pro-l 
portion  of  what  are  called  '  unhealthy  inllammations,'  especially  thoBe  i 
the  erysipelatous  type,  ore  to  be  regunled  as  owing  their  peculiarity  to  i 

*  '■  Lectnres  on  Snrgical  Pnthology,"  *ol.  i,  p.  333. 
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defiirieuoy  in  the  dut  elaboration  of  the  fibrin,  and  to  the  low  vitality  of 
the  cellular  compoiionts  of  the  blood;  liotb  of  which  conditions  seem  to 
be  favoured  by  the  presence  of  those  decomposing  mnttera,  whose  accu- 
mulation in  the  blood  acts  in  many  wfiys  so  prejudicially  on  the  system 
at  !ai-g^i  (5  :i36),*— That  the  quality  of  the  exudation  is  in  some  degree 
(leti^niiiuetl  by  the  se<U  or  Ciiwte  in  which  the  InflammiLtion  occurs, 
appears  from  the  dilfereut  character  of  the  products  of  the  distorUered 
actions,  tiiat  occur  simultaneously  in  different  orgiins  of  the  same  indi- 
TiduAl,  and  ap[)arently  under  the  operation  of  the  same  cauHe;  thus  it 
may  happen  thnt  in  plouro-pneiinionia,  the  two  surfrtccs  of  the  pleura 
become  connected  by  an  orgauiied  exudation  of  a  fibrous  character; 
whilst  the  effusion  in  the  substance  of  the  lung  is  rather  of  the  curpua- 
calar  natui-e,  and  speedily  jmsses  into  suppuj'ative  degeneration.  Mr. 
Paget  ingeniously  proposes  to  account  for  the  detemiiniug  influence  in 
question,  un  the  idea  that  the  inflammatory  product  is  influeuced  at  the 
time  of  its  fonnation  by  the  assimilative  force  of  each  part,  so  that  it  is 
to  be  regarded  as  a  mixture  of  true  lymph  with  its  special  product  of 
asaimilatioii ;  thus  we  observe  that  in  inflammations  of  bone  the  lymph 
usually  ossifies,  in  those  of  ligaments  it  is  eonverted  into  a  tough  liga- 
mentous tissue,  aud  in  those  of  secreting  organs  it  contalmt  a  mixture  of 
the  ordinary  secreted  product. — Tiio  mode  in  which  the  intenaiiy  of  the 
Inflammation  aft'eots  the  character  of  the  effuseil  lym]ih,  is  twofold. 
For,  in  the  fiwt  place,  the  nature  of  the  original  effxision  is  likely  to 
ynry  acconUng  to  the  degree  in  whioh  the  ordinary  nutritive  process  ia 
interrupted;  since,  the  more  intense  the  inflammation,  the  less  will  be 
the  anmilating  force  of  the  part,  and  the  more  will  the  matters  eflused 
from  the  vessels  deviate  from  the  natural  plaama  which  would  be  drawn 
from  them  in  healthy  nutrition ;  whilst  on  the  other  Iiand,  when  the 
inflammation  is  less  severe,  its  product  will  not  differ  bo  widely  from  the 
natural  one,  and  will  from  the  first  tend  to  manil'est  iu  its  development 
tome  characters  coixcsponding  to  those  of  the  natural  formations  of  the 
port.  But,  secondly,  the  influence  of  the  inflammation,  or  rather  of  the 
depressed  vitality  of  the  inflamed  tissues,  is  shown  iu  the  tendency  to 
d^^neratioii  which  it  impresses  on  the  esuded  product;  so  tliat,  even 
though  this  may  \«--  disjiosed  to  pass-on  under  fiivouiahie  circumstances 
to  the  complete  formation  of  an  organiwrd  tissue,  its  development  is 
early  checked,  and  it  imdergoes  retrograde  luetmnorphosiB ;  or  else,  from 
the  very  commeiicemeut,  its  development  takes  place  according  to  a 
tower  or  degraded  type.  The  normal  product  of  the  organizatiou  of 
either  fibrinoua  or  corpuscular  lymph,  is  undoubtedly  a.  tissue  closely 
allied  to  the  ordinary  areolar  or  connective ;  it  is  of  this  that  false  mem- 
hranes  and  adhesions  are  formed,  and  that  the  material  of  most  thicken- 
ingB  aud  indurations  of  ^larts  is  cumposed;'h  and  it  is  by  the  production 
of  this  ti^ue  also,  thftt  losses  of  mibetance  are  in  the  first  instance 
repaired,  and  that  divided  surfaces  are  made  to  adhere.      Various  kinds 

■  &e  Mr,  Brooke  Gullwev's  papers  on  '  fiulieulth;  InfliumDatioii,*  in  the  "l^uetA"  lor 
1SI9-S0,  ud  the  "MeilJciii  lincclte"  for  1850-51. 

^  The  Aothurinmuah  lUijKtfiuJ,  however,  to  agree  with  Dr.  IT&nrlfietd  JonpH,  ro  bolicTiD^ 
Uutt  •  (hrooic  '  fibroid  degc?ncrBtion,'  resulting  from  tlio  subhtitulion  of  n  lowl j-orgauiied 
fibrana  tiniie  fur  tfae  prn{n;T  teitum  of  ihe  pnrt,  mny  take  pinw.  like  'tiitivrLuliLr  ilegene- 
ntiun'  (j  37fl).  wiLbuat  the  occuirenoe  uf  InflnmQiatliHi,  pniperlj  bd  ^allcU.  Set  "  Brit. 
and  For.  MetL-Cliir.  Jtc*.,"  ra^  uii.  pf.  313-340. 
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ofd^eneration  may  nibaequeutlF  toko  place  in  ikny  of  llime 
Mcording  to  the  aUgO  at  wliii^li  tlte  developmental  proceas  u 
and  ^moQg  tliese,  in  tissues  which  hiive  oace  nttained  an  advauoodl 
of  development,  the  most  common  is  the  fiitty  (§  347). 

375.  But  the  moat  frequent  of  iill  the  degeaeratioDS  of  Ivniph,  I 
Almost  invariable  wLeu  the  lyniph  is  platwd  /rom  the  jirH  iu  ci-a<Ut 
uiifftvoui'able  to  its  development,  is  into  the  entirely  uinTRiiiiimlilr 
apliMtic  product  which  is  known  as  Pu*.  Tliia,  as  already  nientiuo 
specially  liable  to  occur  in  lyniph  which  is  originally  rattier  cor 
than  tibrinoua;  and  eveiy  ^^ation  may  be  se«n,  from  tbe  uiost  < 
teristic  form  of  thu  lymph-cell,  to  that  of  the  puS'Ci-11.  But  it ' 
Beem  as  if  even  the  most  perfectly  fibrinous  Imph  may  |>aaa 
immediately  into  the  conditioD  of  pus,  when  it  is  effused  uuong 
which  are  ]>nssing  rapidly  into  a  state  of  deooinpoeitioii  •  nnd 
appears  to  be,  that  in  a  phlegmonous  infiammiitinn.  the  lym]>b 
into  the  [<art-i  where  the  inflamiDHtory  procc^  baa  bt'en  most  ititi'n* 
stagnation  of  the  blood  being  the  moat  compli?t«,  iirid  th^  normal  In 
most  disposed  to  diainlegratioii),  does  not  present  the  slightest  tuid 
to  B  higher  type  of  ovpinization,  but  Is  developed  from  the  first  iai 
condition  of  pus,  which  lilis  the  vaMint  sjiace  previously  oixmpiwl  ' 
living  tissue;  wliilnt,  in  the  surrounding  parts,  the  Gbiinoiis  ell 
produces  a  control idation  of  the  tissue,  nnd  tiius  forms  the  walls  nf  ' 
abscess,  by  whitih  the  purulent  efliision  ia  limited.  Wlietlier  (lie  A' 
tegrating  tissues  arc  entirely  removed  by  absorption  (hat-ing  previo 
undergone  that  degenerative  softening  which  is  requisites  for  the  i 
rence  of  tbig  iirocess),  or  whether  tbey  are  broken-up  nnd  disMilvrJ  i 
the  purulent  fluid,  is  a  point  not  yet  determined. — The  cuimrrralin 
nature  of  the  fibrinous  exudation,  uud  the  consequent  imporliibM 
fibrin  as  an  element  of  it,  are  well  shown  by  tlie  results  of  its  di'fifiune; 
Thus  if  there  be  no  '  sac'  formed  around  a  collection  of  pus,  this  in 
infiltrates  through  the  tissues,  and  by  it«  mere  presiuie*  so  impain 
nutrition,  that  a  corresi>onding  degradation  tokim  place  in  the  i ' 
of  the  plastic  mtktt'riiil  fiiniiNhed  for  theii-  assimilation ;  and  henm 
purulcut  effusion  »!prea<ls  without  limit,  and  tlie  tissues  through  wkidti 
percolates  undergo  rapid  degeneration.  So,  ag^n,  when 
spreading  by  contiguity  (the  piMximity  of  the  dead  tissue  tc 
lower  the  vitality,  and  even  to  occasion  the  death,  of  that  with 
ia  continuouit),  it  is  only  when  an  inilanunatory  '  reactioh'  take*  |>l'>n. 
or,  in  other  words,  when  an  exudation  of  fibrinous  lymph  is  poui»i 
the  substance  of  the  tissues  bordering  on  those  which  have  lost  i  ■  i 
vitality,  that  a  line  of  demarcation  betwewi  the  dead  and  the  litiug  inrt' 
is  formed.  And  generally  it  may  be  Bai<l,  that,  as  the  ultimate  t«uilvu<f 
of  luilammntioTi  is  to  produce  the  disintegnition  of  the  part,  th^t  ultimat* 
tendency  of  the  fibrinous  exudation  is  to  keep  its  elements  together,  (id 
to  repair  the  losses  which  have  taken  place,  althuiigb  with  a  very  infniff 
material. — Tt  is  only,  however,  with  the  subsidence  of  the  infiamui''''' '' 
and  the  return  to  the  ordinary  type  of  nutrition,  that  the  highest  ••■ 
lopment  of  the  lymph  c-an  take  jilace;  and  it  is  in  projiorlion  as  tlu» 
occui-s  more  speedily,  that  the  recovery  of  the  organization  proper  to  lh» 
part  is  more  completely  effected.* 

*  The  Author  hu  pleiuurein  iGfemng  toHr.  FigEt's  "  Lealiu«BOiiSaipCHir*tb(>ko'' 


ABVORHAL  TOJOa  OF  THE  JTOTEITITB  PROCESB, — TTBEFCUWBIS. 


f  376.  In  poraons  of  that  pecuUnr  constitution,  whicli  is  termed  Scro- 

\       fidoui  or  Slrunwvi,  we  find  an  iniperftctly-organizftble  or  mco-iilagtic 
I         deposit,  or  even  au  altogether  'ipliisfic  prodiii't,  knoivu  by  the  desiignatiou 
I         of  Ttihermlar  matter,  frequently  taking  tlie  place  of  the  norniiil  elenieuts 
'        of  tissue ;  l)oth  in  the  ordinary  procesM  of  Nutrition,  and  utill  luore  whcu 
ludnmomtioii  is  set-up.     From  an  examiiiatiun  of  the  Blood  of  tuber- 
culous subjects,  it  )Lpp(^a^s  thnt  although  the  bulk  of  tlic  eoa^um  ob- 
I        tuued  by  stirring  or  beutiug  it  is  usually  gi-oiter  than  that  of  healthy 
blood,  yet  this  coaguluui  ia  uot  composed  of  well-ekburati^d  Fibrine;  for 
it  is  soft  und  loose,  and  coutniiis  &□  unusually -large  number  of  Colourless 
I         oorpiwcles,  whilst  the  Red  corpnselra  form  an  abnonually-smuli  proportion 
^HOf  it.     We  can  understand,  therefore,  that  such  a  constant  dE:ticieuc:y  in 
^B^ksticity  must  affect  the  ordinary  nutritive  process;  and  that  thei'e  will 
^^  he  a  liability  to  the  deposit  of  r.'aooplastic  pi'oducts,  instead  of  the  nin-nial 
L        dcuit^Jits    of   tissue,    even   without  iuihuiiination.      Such  appears  to  be 
^Kthe  history  of  the  fonuation  of  Tubercles  in  the  lungs  and  other  organs, 
^B  when   it  occurs  ivi  a.  kind   of  uietanioi-phosis  of  the  ordinary  Kutritive 
priKess ;  and  iu  this  maimer  it  may  proceed  insidiouKly  for  a  long  period, 
no  thnt  n  large  [nirt  of  the  tissiio  of  the  limga  shall  bo  replaced  by  tul)er- 
cular  deposit,  without  any  uthia-  oatennible  sign  than  an   increiLsing  diffi- 
culty of  respiration.      In  the  diflerent  forma  of  tubuifular  deposit,  we 
j         aeo  the  gradation  most  strikingly  displayed,  between  the  plastic  and  the 
■plastic  formations.     In  the  semi-transparent,  miliary,  grey,  and  tough 
yellow  forms  of  Tubercle,  we  fiud  traces  of  organization  in  the  form  of 
cells  »nd  fibres,  more  or  less  obvious)  these  being  sometimes  almost  as 
perfectly  formed  as  those  of  plastic  lymph,  at  least  on  the  superficial  part 
^m  of  the  deposit,  which  ia  in  immediate  relation  with  tiio  living  atructures 
^M  kroimd ;  whiUt  they  may  he  so  degenorated,  as  scarcely  to  he  distiuguish- 
^Kable.   In  no  iuatances  do  such  deposits  eVi-r  undergo  furthor  organiaition; 
^B  tod  theretbre  they  luuat  be  regiirded  as  aicii-plaslic.     But  in  the  opaque, 
'        crude,  or  yellow  Tubercle,  we  ilo  not  find  even   tlieae   traces  of  definite 
structure ;  for  the  matter  of  which  it  consista  is  altogether  granular, 
I        more  rcwenibling  that  which  we  find  in  an  albuminous  coaguium.     This 
b  entirely  apliMtii:     The  large4'  the  pro|)ortion  of  this  kind  of  matter 
I         in   a   tuberculiir   dejiosit,  the    more    is   it   jirone  to   u</l«n;   whilst   the 
^^   semi -orgiiiii zed  tuliercle  has  more  tendency  to  conlracliun. — It  may  he 
^B  quertioncd,  however,  whether  Tubei'cular  matter  is  not  always,  even   in 
^*  its  moat  amorphous  state,  o.  product  of  ceJl-fomiatiou:   and  whether 
the  difference  between  tlie  amount  of  organization  which  its  several 

» forms  present,  \a  not  due  rather  to  a  variation  in  the  degree  of  its 
tutuiequent  degeneration,  than  to  an  origiual  diversity  in  hhitolngiciil 
condition.  On  this  view,  Tubercle  l«  to  be  considered  as  a  formation 
rut  iftnfriii,  whose  production  is  de|>endent  upon  a  special  taint  in  the 
Wood:  and  just  as  the  normal  lyrojih-products  vary  greatly  in  their  degree 
i>f  vitality,  ao  that  some  undergo  a  progressive  and  others  a  retrograde 
^H  metnmorphosis,  ao  may  tubercular  deposits  either  retain  their  original 

^^  (*«).  k. ),  IU  WDbublng.  in  hu  upinion,  the  b«vt  cipOKition  of  the  subject  of  iDflnmmiitiou 

I  ;rl  mwli)  t>al>lic;  unil  in  iicknu>'li.-J^ng  hid  ubligatioDs  tu  Uiein  for  muoh  aEsixtniiee  in  tlio 

!  ihort  vinr  iif  it  Kivflii  nbiiTe. — Th«   fnndmnitnlBl  di>frtrinen  un  aliich  llie  Aulhtir  wunid 

I  I47  tb«  cnat^^Tt  «trt?(i.  b^  never,  are  the  suub  \n  all  «pentia]  particulars  with  tbo«e  which 

^^  he  tau^t  in  the  earlier  KtlitionB  of  this  Treatiae. 
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characters  more  or  lesa  completi'ly  (Uiough  never  «dvmiicuig  tawndtl 
higlier  type),  or  may  undergu  a  very  early  and  complete  dflgcBcntkn^ 

377.  But  altliouj-li  Tul«roular  matter  may  be  alowly  and  is 
deposited,  by  a  kind  of  OL-grndati'jn  of  the  ordinary  Nutritive  pr 
it  cauaot  b<;  doubtt-d   that  InflammAtion   has  a  great  t«Ddeacj  Co 
it ;  so  that  &  larger  quantity  may  be  lo^MJUfed  in  the  liutgs.  aRvr  a  i 
mania  has  existed  for  a  day  or  two,  tlian  it  would  have  reqnired  ; 
generate  in  tlie  previous  mode.     But  the  character  of  the  dejioMl 
remoina  the  same ;  und  its  relation  to  the  plastic  element  of  ihr  big 
Bhonn  by  the  interesting  fact,  of  no  unfrequent  oticurrence, — th< 
Pneumonia  adecting  a  tulierculous  subject,  plastic  lymph  is  oftcni  i 
out  in  one  |>art.  whilst  tubercular  matter  ia  deposited  in  anothnr. 
iiiflammatio II,  producing  a  rapid  deposition  of  luliercnlar  matter,  in  I 
liarly  liable  to  arise  in  orgiuis,  which  have  been  previously  uffectaol 
chronic  tubercular  deposits,  liy  an  impairment  of  the  process  of  I 
Nutrition;  for  the-sc  dcjKtsits,  acting  like  foreign  bodies,  may  of ' 
selves  become  sources  of  irritation ;  and  the  pervoreion  of  the  atr 
And  functions  of  the  nart  renders  it  peculiarly  suscv^ible  of  the  ix 
of  external  morbitia  causea. 

378.  We  frequently  meet  with  abnormal  growths  of  u  Fiitty, 
giuons,  Fibrous,  or  even  Bony  structure;  which  result  from  tin  de»0 
ment  of  these  tissues  in  unusual  situations,  and  appear  to  origiuate  in< 
perverted  action  of  the  parts  themselves  (j5  ^''^i  ^"'*  "«(«). — Bui  tlictvi 
another  remarkable  form  of  disordered  Nutrition,  which  ia  couocmed 
producing  what  have  been  termed  Itrterofo^otcn  growths;  that  is, 
of  tissue  that  differ  in  eharart^r  from  any  which  is  normally  prewnt 
the  body.      Most  of  these  are  included  under  the  general  desi^r 
Canceroiti  or  Fungous  structures;  and  it  has  been  shown  by  M 
succeeding  inquirers,  that   the   new  growth   consists  of  a  mass  o!  i' .. 
which,  like  the  Vegetable  Fungi,  develope  themselves  with  great  rapi(i;:; . 
and  which  destroy  the  surrounding  tissues  by  their  ))ressure,  as  well  «  bj 
abstracting  from  the  Bliwd  the  uourishmcnt  which  was  destined  for  vhna 
These  parasitic  musses  have  a  completely  independent  power  of  gro^lii 
and  reproduction ;  and  some  kintls  of  them  can  be  projMgated  by  iiWcaU- 
tion,  which  conveys  into  the  tissues  of  the  animal  operated  on,  the  gpnnf 
of  the  j)eculiar   cells   that   constitute  the    morbid  growth,  thcsr  kKid 
developing  themselves  into  a  new  mass.     So  it  may  be  by  the  ditTxiiaii 
of  the  germs  produced  in  one  part,  through  the  whole  fcbric,  by  in(«n 
of  the  circulating  cunvnt.  that  the  tendency  to  re-appearance  (which  ii 
one  great  feature  in  the  malignant  character  of  these  diseases)  ia  ivxar 
aioncd.     But  it  would  seem  more  probable,  that  this  character  raihR 
depends  upon  the  presence  of  a  morbid  matter  in  the  blood,  of  whidi 
the  formation  of  the  Cancerous  tissue  is   only  the  manifestation  (§  .''lU 
note)-,  the  local  disease  thivs  being  the  consequence  of  a  congtitutinnJ 
caohexia,  rather  than  the  coustitutioual  affection  the  result  of  the  loial 
disease,  t 


*  See  Sir,  Paget  ia  the  "  Pntliulci^caJ  Cn(al<igue  of  the  Hiint<riui  Ifnfenm,"  fnL 
p.  1S4  ;  iilso  Dr.  Madileu'ii  "Thi^ULiiit*  uu  l'uluii>iiEiry  Cunsiiuiptiuii." 

t  IJee  Dr.  Walalie  ou  "  The  NbIdtc  aai  Treatmeut  of  Cuiict ;"  Mr.  tiimuo'*  ' 
FMliologjr,"  Lcet,  liii. ;  and  Ur.  Pngef  ■  ' '  Lectures  on  807^11^  raUiukgj,"  t«L  fi.  UO- 
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CHAPTER  IX. 


or   SECRETION    AND    EXCRETION. 


1-  0/ Secretion  in  QenenU. 

379.  The  literal  meaning  of  the  term  Secretion  is  sejtaTatiun ;  and  tliii 
is  nearly  its  true  acoeptaCiuu  in  Physiology.     But  the  ordinary  jirocesaea 
of  Nutrition  tuvoh~c  a  separation  of  uerlain  of  the  eonipoueuttt  of  the 
Blood,  which  are  withdrawn  from  it  by  the  appropriating  power  of  the 
colid  t«sturea;  and  every  such  removal  maybe  eoiiaidered  in  the  light  of 
an  act  of  rjcreiioii,  ao  far  as  the  blood  and  the  rest  of  the  organism  are 
concerned  (§  217).     Moreover,  the  separation  of  certain  mattera  from  the 
blood  in  a  fluid  state,  either  for  the  purpose  of  being  cast-forth   from  the 
body,  or   of  being   employed   for  Bome  special  purjiose  witliin  it,  which 
constitutes  what  in  onliniirily  known  as  Secretion,  is  effected  by  an 
inairu mentality  of  the  aame  nature  with  that  whose  o|M:r«tion  constitutea 
an  esiential  part  of  the   nutritive   process;  namely,  the   production  and 
mibeequent  agency  of  cells.      Hence  there   is  no  other  fundamental  dif- 
ference between  the  two  processes,  than  such  as  arise-s  out  of  the  diverse 
dutimUio'/is  of  the  separated  mattero,  and  from  the  anatomical  arrange- 
ments which  resjjectively  minister  to  these.     For  the  products  of  the 
Secreting  action  are  all  poured-forth,  eitlier  upon  the  external  surface  of 
the  botly,  or  upon  the  lining  of  some  of  the  cavities  which  communicate 
with  it ;  and  the  cells  by  which  they  are  sepiirateil  from  the  blood,  usually 
stand  in  the  relation  of  epiUielium-cells  to  those  prolongations  of  the 
>kin  or  of  mucous  meuibi'utn.'s,  tliut  form  the  follicles  or  extended  tubuli 
of  which  the  Glandular  organs  are  for  the  most  pail  composed  (Figa.  53, 
68).      The  act  of  Secretion  appears  to  consist,  in  some  cases,  in  the  suc- 
casive  production  and  cJiuviatioii  of  the  cells  which  minister  to  it,  these 
cells  giving-up,  by  rupture  or  ilelique-seence,  the  substances  which  tliey 
have  eliminated  trom   the  blr>od  ;  such,  for  example,  appears  to   be  the 
mode  of  sei-aration  of  the  Sebaceous  secretion  of  the  skin,  of  the  Mucous 
accretion  of  mucous  membranes,  of  the   secretion  of  Milk,  and  jierhaps 
also  of  the   Biliary  secretion.      On   the  otbor   hand,  there   can   be  little 
question  that  those  more  liquid  secretions,  in   which  there  is  either  very 
little  solid  matter  (as   is   the  case  with   the  Cutaneous  ti-anspiriLtiou  and 
the  Ijichiymal  fluid),  or  in  which  the  solids,  though  in  larger  amount, 
are  in  a  state  of  such  jierfect  solution  as  to  be  capable  of  easy  transuda- 
tion (as  is  the  case  with  the  Urine),  are  not  formed  in  this  mode ;  since 
neither  are  exuviated  cells  normally  found  in  the  aecroted  fluids,  nor  do 
tlie  ejiithelial  cells  lining  the  glandular  tubes  or  follicles  ])resent  indica- 
tions of  being  in  a  state  of  continual  change.      Still,  even  in  tliese  cases, 
it  seams  fair  to  conclude  that  the  adcctlve  powers  of  the   gland-cells  are 
employed  in  drawing  from  the  blood,  on  one  side,  the  special  products 
which  are  to  l>e  set-free  by  tiunsudatlou  on  the  other.     Each  group  of 
cells  is  thus  adapted  to  separate  a  product  of  some  particular  kind,  which 
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constitutes  Its  apeeinl  pabidiim;  and  the  rate  of  its  poductir.m 
depend,  eaten*  parih'tn,  upriu  the  amount  of  that  pabutam  sii]i{ilinll 
circiikting  fluid.     The  substances  at  the  expenst?  of  which  the  I 
cells  grow,  however,  tuay  uot  be  precisely  those  which   are  sill 
caet- forth ;  for  it  is  very  probable  th»t  some  of  them,  at  least,  uad 
certain  degree  of  chemical  transformation  by  the  agency  of 
the  cbnracteristic  matcrialn  of  the  several  aecretiona  not  b^oj  I 
found  to  pre-exist  an  sud  in  the  blood. 

380.  A  distinction  may  be  druwn  as  ivgards  this  point,  betwnta  I 
Excretions,  the  'retention  of  whose  luat^iiaU    in   the    Elood  «oal4 
poaitivcly  injurious,  and  those  Secreliimt,  which  are  destined  for  ji 
purposes  within  the  system,  and  the  inispension  of  which  hits  uo  in 
influence  on  auy  other  functions  than  those  for  which  they  are  i 
destined.      Tlie  solid  matter  dissolved  in   the  fluids  of  the  latter  i 
little  else  than  a  portion  of  the  fiii/n'/tt-e  constituents  of  tlie  Hlouilj(_ 
BO  little  altered  as  still   to  it^tain  its  nulritivu  cliaract«r,  as  is  the* 
with  the  ca;jeiii  of  Milk,  and  with  the  albuminous  couftituciir  vt  I 
Serous  fluid  of  areolar  tissue  and  of  serous  and  synovial  niemt 
in  a  state  of  incipient  retrograde  n3etaiRor]>hosis,  as  seems  to  be  i 
with  the  j>eculiar  "  ferments'  of  tlic  salivury,  gastric,  pane 
intestinal  secretions.     On  the  other  hand,  the  characteristic  ing 
of  the  Exci'etions  arc  very  diflereut  in  character  from  the  nortnal  < 
of  the  blood.      They  are  all  of  them  completely  unorgAuimble ;  uaH 
possess,  for  the  most  part,  a  simple  atomic  constitution.     Somp  of  i 
also,  have  a  tendency  to  aaiume  a  crystalline  form;  which,  as  l)r. 
justly  remarked,  indi«t«s  their  imiitne^  to  enter  into  the  compocitloB  i 
orgpuized  tissues.      With  regard  to  some  of  the  chief  of  these,  thtm  i 
euificient  evidence  of  their  esiatence,  in  small  (jiiantity,  in  the  circu 
Blood  ;  but  it  is  also  clear,  that  they  exist  there  as  produc4s  of  i 
position,  and  that  they  are  destined  to  be  separated  from  it  aai 
possible.      If  their   sejiaration   he  prevented,  they  aecumnlate.  WxAi 
muuiiiute  to  the  circulating  fluid  a  jx)sitively  deleterious  cha 
this,  we  have  already  seen  a  striking  example  in  the  case  of 
(J  -327) ;  and  the  history  of  the  other  two  principal  excretions,  tM 
and  Urine,  will  furnish  evidence  to  the  same  eflect.— As  a  general 
then,  it  may  be  affirmed,  that  the  materials  of  the  proper  Exerptions  ] 
exist  in  the  Blood,  in  a  state  nearly  resembling  that  in  which  thrji 
thrown-off  by  the  secreting  organs;  and  that,  as  their  pr««enr«  lbM*l 
the  I'eault  of  the  deatmctive  changes  that  have  taken  place  in  the 
they  ciiunot  be  i-etoined  in  it  without  injiiry:  but  that  the  mat«ri*l>1 
those  Hecretions  which  are  destined  to  ])erform  some  particular  f 
within  the  economy,  are  derived  from  the  nutritive  substance*  whWk  I 
appropriated  to  its  general  pur|MJ8es. 

381.  The  composition  and  uses  of  the  principal  Secretions  which  m 
elaborated  for  specin!  purposps  within  the  economy,  have  almulT  IwM 
partly  described  in  connection  with  the  functions  to  which  they  re.;^ 
tively  minister;  and  the  remainder  will  hereafter  come  under  nofiL>  i:i 
the  same  manner:  it  is  hei-e  intended,  however,  to  consider  ihai  iinporuiil 
system  of  Excretory  operations,  which  serves  to  maiiilaiu  the  puritr  "f 
the  circulating  fluid.  The  process  of  Reajjiration,  as  already  poinfed-ool 
({  363),  is  in  part  to  be  regarded  as  one  of  these;  though  the 
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nutnuer  in  which  it  ministcre  to  the  remoiiil  of  carbon  and  hydrogen  from 
the  system,  and  its  aubservienoy  to  other  pmfiosea,  havn  necL'Ssit-ated  its 
separate  consideratinn.    It  is  obvioii?  that  the  demand  for  the  |>erfi.irmanue 
of  these  Excretory  processes  generally  will  arise,  in  tlif  first  jtlaoe.  .is  in  the 
case  of  Bc8]>iralion.  from  ths  coutinunl  disintegration  and  decay  to  which 
the  BUvend  parts  of  the  organized  fabric  are  liable,  in  vaiyiug  degifes, 
in  tlift  maintenance  of  a  merely  tvyftaiiee  existence  (§  26) ;  and  thia  will 
be  constant  during  the  whole  life  of  Man,  as  of  any  other  warm-blooded 
animal,  its  amount  varying  with  the  degree  of  general  vital  activity. — 
But,  secondly,  the  exorcise  of  the  nnimal   fimctiona,  involving   (as  this 
docs)  the  disintegration  of  the  Nervous  and  Muscular  tissues  as  the  very 
ooodition  of  the  evolution  of  their  i-esiiective  forces,  becomes  a  special 
source  of  the  production  of  excrement  it  io  us  matter,  the  amount  of  which 
will  vary  with  that  of  the  forces  thus  developed  (5  33). — The  removal  of 
excrenientitious  matter  may  Ijecome  neeeamry,  thirdly,  from  the  dfeanii- 
posUion  of  mip'ijtxious  aUmeiii,  which  has  never  been  assimilated.     This 
would  not  be  the  case,  if  the  amount  of  food  prepared  by  the  digestive 
process,  and  taken-up  by  absorption  into  tlio  current  of  the  circulation, 
were  always  .'itrictjy  proportional  to  the  demand  for  nutriment  created 
by  the  wants  of  the  ^stem ;  but  such  a  limitation  seldom  exists  prac- 
tically, in  those   individuals  at   least  who  do  not  feel  themselves  obliged 
to  put  n  restraint  upon  the  indulgemw  of  their  ordinary  appetite ;  and  all 
that  is  not  appropriated  to  the  reiiaration  of  the  waste,  or  to  the  increase 
of  the  bulk  of  the  body,  must  be  thrown-off  by  the  excretory  organs.    It 
has  been  already  shown,  that  an  abundance  of  nutritive  material  in  the 
bloud  does  not  augment  the  production  of  the  principal  tissues  to  any 
eonaiderable  extent  (5  S.^.'J) ;  and  it  would  appear  that  all  such  materials 
aa  are  not  sjicedily  assimilated,  pass  rapidly  into  a  state  of  retrograde 
IDetn.morplioaj.%.      How   large   u   proportion   of  the  solid   matters  of  the 
urine  ordinarily  lias  this   source,  will  appear   from  facts  hereafter  to  be 
Btat«d  {§  -11  !)■ — Moreover,  in  the  last  place,  it  cannot  be  deemed  impro- 
bable that  the  changea  which  the  crude  aliment  undergoes,  from  the  time 
pf  its  tiiTit  reception  into  the  absorbents  and  blood-vessels,  to  that  of  its 
conversion   into   organized   tissues  and    special    secretions,   involve    the 
liberaliou  of  many  products,  of  which  the  elements  are  suj>erfluouK,  and 
th«refore  injurious   to  the  system  if  n^tained  in  it      Thus  it   has   been 
shown*  to  be  (juite  jKissible,  tliat,  in  the  production  of  Glutin  (gelatin) 
from  Albumen,  an  equivalent  of  Choleic  (tauro-choHc)  acid  may  be  gene- 
ntAL     The  condition  of  Organic  C'hemistiy,  however,  is  not  yet  such  as 
to  allow  of  anj^hing  being  advanced  with  certainty  imder  this  head, — 
From  these  i-ariona  sources,  then,  a  large  amount  of  effete  matter  is  being 
continually  received-back  from  the  tissues  into  the  current  of  the  circu- 
lation, or  is  generated  iu  the  blood  by  the  changes  to  which  it  is  itself 
sabjcct;  and  it  is  the  great  object  of  the  Kxcretory  apparatus,  to  free 
thftt  fluid  from  the  products  which  would  rapidly  accumulate  in  it,  and 
which  would  then  esert  a  poisonous  influence  on  the  body  generally,  were 
ii  not  for  the  provision  which  is  thu.i  miulo  for  their  removal. 

382.  The  true   Secreting  processes  which  are  to  bo  regm-ded  as  more 
or  \ea»  completely  excreiory,  are  the  separation  of  bile  by  the  Liver,  that 
of  urine  by  the  Kidneys,  that  of  perspiration  by  the  Skin,  and  j^saibly 
*  S«e  Prof,  Liebi){'s  '*  F&miliar  LGtl4?n  no  Clitimutry, '^  p.  431). 
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that  of  fiecal  maltor  by  tlie  glandule  of  tie  Intestuilil  sur&ofi 
sum-total  of  these,  with  the  addition  of  the  carbonic  aoid  aud  >t 
vapour  cxlink-d  from  the  Limgs,  and  of  tlie  indigestible  matter  rejected  | 
the  farm  of  fieces,  iitiiat  be  equal  to  the  total  amount  of  tlie  ailid  i 
fluid  ingestJi,  and  of  the  oxygen  which  disappears  from  the  iiujiiiHt  I 
the  weifjht  of  the  body  rcDuuoing  the  same.  Now  the  quautitj  i 
ultimate  compoiiitioD  of  the  urine  may  of  course  be  exactly  'let'-nuiii 
BA  may  alau  thut  of  the  fieuea:  the  quantity  of  «»rbonic  acid  thr 
by  tbe  luBga,  and  of  oxygen  absorbed,  may  also  be  aacertained  nitfij 
near  approach  to  exactness.  Htnce,  if  we  add-together,  on  thr 
hand,  the  solid  and  tluid  ingesta,  and  the  oxygen  which  has  diFsji[* 
from  the  atmosphere,  and  deduct  &-om  this  the  sum  of  tbe  uririut  i 
ftecol  discliai^cs  and  of  the  carbonic  acid  exhaleil,  the  difTerenc"  (alio 
being  made  for  auy  alteration  in  the  weight  of  the  aninial)  will  p»l 
araouat  of  aqueous  fluid  lost  by  cutaneous  and  pidmonary  ' 
and  the  proportions  of  the  several  elements  of  the  food  which 
each  channel,  may  thun  be  calculated  with  cousidcrabte  acciinKy. 

383.  Several  series  of  observations  of  this  kind  have  be«n 
made;  some  of  tbe  most  important  n'sulta  of  which  will  here  bei 
- — The  following  estimate,  deduced  by  Bidder  and  Schmidt*  ff 
obsen-ationnufionft  full-grown  Cat,  which  was  allowed  for  a  week  i 
meat  as  it  could  eat,  shows  the  mode  in  which  the  constitueuta  i 
ingeata  are  distributed  through  the  excretions  of  Camuvrtnu  : 


OriCOpmrliof 

.9 
In 

fWM. 

Uttai. 

cktaiSrs^H 

Water     .... 

1-2  per  cent. 

S2-9p«rMllL 

15'9  pcrevL^ 

Cubon    .... 

■s. 

'■2      „ 

»6      .. 

89*       „ 

Hydrogen    .     .     . 

n 

I'l      » 

S3 -2      „ 

7i-8      „ 

Nitrugen      .    .     . 

¥ 

0-3       ,, 

98-]      „ 

0-7      .. 

OxygeD    .... 

0-2       „ 

*1      ., 

95-7      .. 

Snlplior  .... 

^ 

SO-0      „ 

60-0      .. 

S»lt» 

82-9      „ 

71     ., 



In   striking   contrast  with   this,  we  find  the  distribution   of  the 
tuents  of  the  food  of  HerhivoroJU  animals,  aa  deduced  by  Valentin  I 
tlie  observations  of  Boussingault  upou  a  Horse,t  to  be  as  follows: — 
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*  Sm  ttaeir  eUbomte   "  VenUnangaalirte  nni)  gtoffweefaiel,"  $  389 — 113  :  alM 
Lebmaaa'a  "  Physiologischrn  Chemie,"  2nr)  edit.,  buid  iii.,  p.  STO. 
t  "Ann.  rle  Chlm.  et  dePhj*.,"  tmn.  lii.,  p.  128;  and  Lehmaiui,  op.  dl.,  p.  t6A. 
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The  first  and  most  reiiiarkii.bli?rentuitMff'dillercniv  betv/iien  tliiiwe  two  acta 
of  rtrsults,  is  tlic  vi-ry  lavgi;  [iroportir.ii  wliioli  Ihc  fn-mil  rli.*ciiai-ges  of  tbe 
Horse  beiir  U)  tin;  otlicrexcretitina;  this  obiiOTwIy  procetds  from  thi;  ludi- 
gestibility  of  a  liu'ge  part  of  tbo  alimentary  substauces  it  ctiLaumes. 
Of  tho  i/^nler  taken  into  tlie  alimcntAry  canal  oc  formed  within  tlie  body, 
nearly  two-thii-ds  passcsnj.ff  with  tlie  fteees  in  the  Horse,  whilst  nearly 
the  whole  is  abaorbeU  in  the  Cat:  and  of  that  which  is  abaorbed  by  the 
Horse,  little  more  than  one-3pvonth  jiiisses  into  the  nrine,  the  remainder 
bring  exhaled  from  the  Imip*  and  skin;  whilHt  in  the  Cat,  the  pro- 
portion whjuli  pasKOhotl' by  the  Rkin  is  less  thiui  one-sixth  of  tluit  which 
is  absorbed,  the  rcuninder  being  eliminiited  by  the  urine.  Of  the 
earlKm  taken  into  the  ayatem,  a  relatively-larger  projiortiim  passes-off 
by  the  Inugs  in  the  Horae,  while  a  ivlutively-lai'gev  proportion  eaters 
the  urine  in  the  Gat :  this  is  probably  becaiuie  the  great  bulk  of  the 
carbon  in  the  food  of  the  Hoi-se  exists  iu  those  con-azfiti^ed  coiiipounds, 
which  caji  bo  readily  converted  by  oxygenatit'U  into  carbonic  acid  an*! 
water,  and  which  consequently  yield  little  or  nothing  to  tile  urine  ; 
wliilst  those  products  of  the  di'C'jmposition  of  albuminous  substances  which 
pMB  into  the  urine,  though  eajiecially  rich  in  nitrogen,  carry  with  theyi 
a  certain  ineitsiiin  of  carb<m  into  that  exciftioii.  Jt  is  probably  for  the 
same  renson,  that  the  amount  of  /(//(/roi/Prt  is  relatively  larger  in  the 
pulmounry  oshiilatinn  of  the  Horsi%  and  in  the  nrinary  excretion  of  the 
Ciit.  On  the  othiT  hnnd,  we  see  that  whilst  the  JiiiriHjfii  of  the  food  is 
nimoet  exclusively  climinatt'd  through  the  urine  in  the  Cut,  ns  much  as 
40  per  cent,  of  that  which  has  1>eeu  absorbed  into  the  eyistem  |iassc§-off' 
by  the  lungs  and  skin  in  the  Horse.  Neai'ly  the  whole  of  the  oxyi/en, 
in  eaeh  cjiso,  pas.sea'off  by  the  brags;  the  ithitiyelydargiir  proportion  in 
the  urine  of  the  Cut,  being  due  to  the  gi'cater  amount  of  those  products 
of  decomposition  of  albuminous  substances,  into  which  oxygen  enters. 
That  hiilf  of  the  sulphur  contiiined  in  the  food  of  Camivora,  should  jiaas 
uff  in  the  feeccs,  in  an  nnoxidized  or  imperfectly -oxidized  state,  and  tliat 
the  other  half  should  bo  excreted.  chieHy  in  the  condition  of  BuljJiates, 
formed  by  the  oxidntiou  of  the  suljihwr,  and  by  its  combination  with 
ftlkaline  bases,  is  a  fact  of  great  intenwt,  iu  couueetion  with  tho  question 
t^the  ultimate  destination  of  the  bile.  For,  with  the  exception  of  tin- 
unall  anioimt  of  sulplmr  contained  in  the  undigested  residue  of  the  food, 
iht-  sulphur  of  the  fieeos  must  be  entirely  derived  from  the  bile,  of  which 
•ecretion  it  is  an  imptirtant  constituent.  But  of  the  bile  which  is  poureil 
into  the  alimentary  canal,  a  large  part  is  certainly  rc-absorbcil  (§  1 17), 
its  constituents  being  destine*!  to  undergo  oxidation,  and  to  be  elimi- 
nated, for  the  most  part,  by  the  respiratoi-y  process;  and  it  is  jirobably 
from  this  re-absorbed  portion  of  the  bile,  that  the  sulphur  of  the  urine 
is  derived.  It  »pp«ire<l  from  other  cxperimcnta  [lerfonneJ  by  Bidder 
and  Schmidt,  that,  when  the  bile  was  not  aUuwed  to  flow  into  the  intes- 
tinal tube,  but  was  collected  from  biliary  tiatulse,  from  10  to  12  jier  cent. 
of  the  absorbed  carlion,  and  li'ora  11  to  13  [>er  cent,  of  the  absorl>cd 
hydrogen,  paesee  into  the  biliary  excretion :  neither  Oie  solids  of  the 
fieces,  however,  nor  those  itf  the  urine,  were  sensibly  affeclwl  by  the 
abnormal  removal  of  these  constituents,  which  fell  entirely  upon  the 
products  of  respiration,  these  being  diminished  to  that  amount.  Hriice 
it  se^ms  obvious,  that  although  only  half  of  the  »ul/>}iur  is  taken-up  again, 
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nearly  tlie  whole  of  the  hydr't-rarbtmactoua  part  of  the  bile  mnst  bp  i 
absorbed,  to  be  fiiukUy  eliiiiinuttd  by  the  respiratory  process ;  so  tliat ' 
may  cousdcr  the  entire  of  these  constituenta  absorbed  from   tlie 
that  remaina  after  the  sepeiration  of  the  components  of  the  nrin^  i 
being  finally  sejiarateJ  from  the  body  by  the  respiratory  procoM    A 
oorduig  to  Biddor  and  Schmidt,  100  parte  of  dry  fleah  are  deooinpoaed  i 
the  living  body,  with  the  co-operation  of  167  parts  of  oxygen  ob 
from  the  atmosphere,  into  31  parts  of  urinary  subetaaoee,  "i  jitrU 
fscal  matter,  182  parts  of  carbonic  acid,  and  52  parts  of  aqueous  VKposB 
Nearly  the  same  relative  proportions  are  presented  when  the  wart*  > 
tisanes  is  not  supplied  by  new  alimentary  matter,  b«  exist  when  tlio  anii 
is  kept  on  a  fleshnliet ;  so  that  we  may  regard  these  as  representuig  t 
destination  alike  of  the  ]>roduct3  of  the  nltimate  metamor^pbn^  m  1 
tissues  of  the  living  body,  and  tluit  of  the  products  of  decompodtioo  ■ 
superfluous  or   unuEsimilated  aliment   of  the  Carnivorous   animal 
the  Herbivorous  luiima).  on  the  other  liond.  only  a  small  part  of 
aliment  b  albuminouH  in  its  composition,  the  proportion  just  stoMd 
apply  only  to  that  part,  and  to  the  products  of  the  ultimate  mrt 
pbo^ofitH  tissues;  since  the  whole  of  thehydrocaj-lKtoaceouacom]: 
of  its  food,  whether  saccharine  or  oleaginous,  are  eliminated  by  tlw  j 
monary  and  cutaneous  e?dmlation. 

384.  The  ultimate  distribution  of  the  components  of  the  food  vt 
is  in  most  respects  intermediate,  as  might  be  anticipated,  betwMn 
of  the  purely-Camivoi-ous,  and  that  of  the  purely  Herbivorous 
We  have  seen  (§j  318,  321)  that,  of  the  whole  amount  of  carbon 
h/dri>gen  in  the  food,  about  nine-tenths  are  cftiried-off  by  the 
process,  the  remaining  teuth  being  divided  in  varying  proportion  I 
fieees  and  the  uruie.     So  with  regard  to  the  nitrogen  (|  320),  fur  i 
100  parts  ingested,  only  8'33  parts  arc  ejected  with  the  iieovs, 
42-07  parts  are  excreted  in  the  urine,  and  4!f-6  parta  (or  nearly  ' 
are  exhaled  through  the  skin  and  longs.     The  following  table  givrt 
general  results  of  the  comparison  of  the  matters  as»milat«d  and  ■ 
in  each  of  the  cases  formerly  r«ferred-to,  so  that  the  sum.  in  caek  i 
amounts  to  100: — 
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385.  The  experiments  of  Bidder  and  Schmidt  further  enable  ml 
form  some  estimate  of  the  amount  of  the  '  change  of  matter,'  whidi 
required  for  the  performance  of  the  ordinary  vital  fimctiona.     This  i 
not  be  (airly  measured  by  the  amount  of  excreta  given-off  during  a  | 
time,  whilst  no  fresh  aliment  is  being  introduced;  since  the  perfoi 
of  those  various  operations  of  digestion,  assimilation,  dec.,  whldi  art' 
necessary  preliminaries  to  the  appropriation  of  nutritive  matt«r  by  t 


TOKnTOESEBAt,. 


3fi6 


bnues,  itself  iuvolves  no  inconsiderable  conaumption  of  wbat  was  pre- 
Tiousiy  existing  in  tbe  iKxJy.  Thus  it  in  estimated  by  Biililer  anil 
Schmidt,  that  tbc  reepectivp  amounts  of  the  various  digestive  fluids 
which  are  diuly  poured  into  the  alinientaiy  canal  of  an  adult  man 
wmghing  14  st^ine,  \b  nearly  an  follows ; 

or.  gniDM 

S^iva 56 -S  coDlaJniDg    233  nfaolid  DUkttor. 

Bilo 66-8  „        1208  „ 

autriejuicB    ....  1*7-2  „        2S78 

pMurentic  auid     ...       7'1  „  310  „ 

InlflBldnal  jniw       ,      .     .       7-1  „  46  „ 

Thus  4773  gtnjnfl,  or  'nearly  ten  ounce*  (troy)  of  solid  matter,  are  sepa- 
rsled  from  the  blood  in  the  digestive  secretions,  for  tlio  purjioae  of  intro- 
ducing new  alimentary  materials  of  not  more  tlian  two  or  three  times  the 
amount ;  and  thus  we  see  that  a  large  projiortion  of  the  food  ingested 
aud  aasimilated,  must  Im"  consiimeil  in  providing  for  the  iutroiiuctiou  of 
a  fiirther  supply,  in  addition  to  that  which,  when  duly  assimilated,  is 
applied  by  the  nutritive  ]iroon!!«es  to  the  rei>air  of  the  solid  tissues. 
Hence  we  can  imderstaiid  the  result,  at  first  sight  rather  paradoxical,  of 
Uie  experiments  of  Bidder  and  ^hmidt;  which  lead  to  the  concjnaioii 
that  although  the  \<i?s  of  weight  sustained  by  an  inaoitiated  carnivorous 
ijuadrupod  is  about  2'2  per  cent,  daily,  it  is  by  no  means  sufficient  for 
the  su.st«nance  of  its  weight  that  thi»  amount  of  food  should  be  supplied ; 
about  twice  a«  miiJ-k.  or  t'^l  per  cent,  being  required  to  kee[>-up  its 
WM^t  to  the  regular  standard.  When  supplied  with  an  unlimited  amount 
of  food,  the  same  animal  will  appropriate  no  less  than  10  or  1 1  ppr  cent, 
of  it«  own  weight  daily.  The  amount  of  osygen  daily  consumed  iucreaaca 
in  like  manner;  being  about  1*5  per  cent,  of  itfl  own  weight  in  an  animal 
taking  no  food,  1*8  ]>er  cent  in  an  animal  adequately  supplied,  and  about 
1-1  per  cent  in  an  animal  highly  fed  (§  3lfi  ¥i.).* 

386.  We  see,  then,  that  whilst  the  totnl  aTitowiU  of  the  escretions  will 
ordinarily  depend  upon  the  qiianlitii  of  food  ingesteil  (the  weight  of  the 
btxly  remaining  the  same,  and  its  losses  of  substance  being  duly  repaii-ed), 
the  T^ative  jfrojirrilon  of  the  different  excrotions  will  depend  in  gi'eat 
part  upon  the  iialiiTe  of  the  food  consumed;  the  solids  of  the  urinary 
roicretion  being  especially  augmented  by  an  excess  in  the  albuminous 
constituents  of  the  food;  whilst  the  proportion  of  hydro-carbon  got  rid-of 
by  respiration,  is  very  much  raised  by  an  excess  of  the  saccharine  or 
olcHginous.  Tlie  amount  voided  as  fiEcea  is  almost  entirely  dependent 
upon  the  proportion  of  indigestible  matt-cr  in  the  food. — Notwithstand- 
ing, however,  that,  under  ordinaiy  cii-cumstances,  the  several  parts  of 
the  Excretory  apparatus  are  thus  limited,  each  to  its  own  special  fiinc- 
tion,  yet  we  lind  that  there  are  certain  eitmj^intfniary  relations  between 
them,  which  make  the  action  of  one  vicarious  to  a  certain  extent  with 
tlutt  of  another.  Such  a  relation  seems  to  exist,  for  instance,  between 
the  Lungs  on  one  side,  and  the  Liver  and  Intestinal  glandulie  on  the 
other;  for,  the  more  active  the  respiration,  the  less  bile  is  secreted; 
whilst,  if  the  respiration  be  lowered  in  amount  by  inactivity  of  body 
and  a  high  external  temperature,  a  larger  proportion  of  unoxidized  or 
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iinpLTfeotly-oxiJi&.'il  excremonlitioiis  matters  aooimiuluUa  iti  ll"-  lilmx 
giving  rise  to  thnt  siugment'od  yjroduction  both  »{  tiao  biliiity  Bin!  "f  ti^ 
fieco]  escrotiona,  wliicli  constitutes  diai'rlifwi.*     Anil  thus,  on  tlie 
hand,  when  tho  liver  is  not  adetiiiati-iy  tilTt'ctinf;  the  ilepiimUon  nf  Ih 
biood  from  the  constituents  of  bile,  an  augmentation  ol"  th«  r«s]ii 
by  active  exercine  in  a  tow  temperature  gives  most  etluctuni  rvlif'C- 
moiv  nbvioiiHly  vicarious,  however,  are  tho  Kiihieye  aiid  the  («kiii  i 
liera  we  find  that  not  only  do  the  kiihieys  nllow  the  trausiidiitiim  ol' " 
ever  nuperfluoiLs  water  may  remain  iji  the   circulating   cuitpuI,  after 
Eufficieiit   amoiiut   has   hefu   exhaled  from   the  skin  to   keep-rlnun  ih 
tempeniture  of  the  hotly  to  its  normal  standmil,  but  the  skin  lu'tLullj 
assists  in  the  elimination  of  one  of  those  jn-oduets  of  the  luetjiiimrjilK 
of  the  ttzotizeti  tissues,  the  removal  of  which  has  beeu  until  nvimliy  fon 
dei-ed  as  the  special  fimL-tiouof  the  kidney  (5-121).  Consequently.  wh«iirv 
tJie  due  nction  of  the  skin  as  au  exci-eting  oryiui  is  interfered -wi ill,  it  il 
the  kiilncy  eFtpeeially  that  will  be  laiUed-on  to  take  ils  place;  wliilst,! 
the  other  haud,  if  it  be  thought  desirable  to  relieve  the  kidney,  thia  I 
be  mcKjt.  effectually  ilone  hy  stimulating  tho  skin  to  iucreaspil  excr 
wtivity. — This  vioLriousuess  of  function  among  the  Extretory  or] 
presents  itself  fiiT  more  remarkably,  however,  in  certain  ntfttea  of  i 
in  which  a  complete  'metnatasisofsecration' mayeshihit  itsolt   Tliet 
bility  of  one  organ  thus  to  take  upon  itself  the  special  action  iif  nnti 
appears  to  be  related  to  the  '  community  of  function'  existing  in 
secretory  surfuc«  among  those  lower  animals,  which  manifest  none  uf  t 
'apecialiiatiou'  or  eetting-npart  for  particular  offices,  that  we  B«ei| 
higher ;  for  it  seems  to  be  a  geiieiul  law  in   Physiology,  that,  oron ' 
the  different  functions  are  muRt  highly  specialized,  tlie  general 
retaina,  more  or  less,  that  primitive  community  of  action  which 
terized  it  iu  the  lowest  grade  of  development.+ 

387.  It  is  in  regard  to  the  Urinarij  excretion,  Uuvt  the  e:vidcnoe ' 
this  point   is  most  complete ;  for  it  seems  to  he  established  bv  a  i 
mass  of  observations,  that  urine,  or  a  iluid  presenting  its  esaentijj 
ractcrs,  may  pass-off  by  tho  mucous  membrane  of  the  intestinal  i 
the  salivaiy,  laclirymal,  and  mammary  glands,  by  the  testes,  by 
nose,  and  navel,  by  jiarts  of  the  ordinary  eutaueous  surface,  and  even  la 
seroua  memhianea,  such  as  the  arachnoid  tunic  lining  tlio  ventricles  nf  I 
brain,  the  jileiira,  and  the  jieritoneum.      A  considerable  number  of  i 
cases  was  collected  hy  Haller  :J  many  more  wore  brought-together 
Nysten  ;§  more  recently  Burdacli  lias  furnished  a  full  summary  of  i 
most  iiii]iortant  phl^uomeull  of  the  kindjH  and  Dr.  Laycock  has  com|flli 
a  valuable  odlcction  of  ca.ses  of  urinary  metastaaia  occurring  a*  coinjJ 
cations  of  hysteria.  IT     The  following  table  of  cases  referreil-to  by  ' 

*  Sncb  IB  prcliiLbly  thcfx'i'ai'ii'iD  nf  tlie  ^bilioDB  HttJkclcH*  an  J  'atitniDOik}  cliolci^'  Mf 
Itml  nt  tLc  4;1otie  of  lL(i  £niaui?r;  tbe  snbjec^lfi  i^f  tiip.sc  l>omg  most  commoiiTv  f--r^«nji  i 
liave  nut  cedDLwJ  tlii'ir  cuDBuniplion  of  ('loA  during  the  vana  smsoD,  in  iim>r6an«  \ 
the  diminuhei)  dfnianil  for  the  pruductinii  of  heat  witliiu  the  liodj. 

t  See  "Princ.  of  Comii.  PLjs.,"  S^  110,  128. 

J  "  Klonienl.1  PLysinluKlnj,"  toni.  ii.  p,  370. 

§   "  IteclieriiliiiE  Je  rhyaioiiigii;  cl  de  Oliimio  putiiologiqiip,"  |i.  285. 

II   "Trnitt  de  riijsloltpgie"  {Jnurdan'e  TmnfilBtioii),  vol.  riji,  p.  818,  (*  tr^. 

il   "  Ediiib.  Med.  and  Surg.  .Toum.,"  IHSS  ;   and   "  Ncrvoui  DiMUeg  nf  W.is 

p.  as3. 
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last  of  these  authors,  will  give  some  idea  of  the  relatiTe  froijuency  of  the 
dilTereut  fonna  of  this  curious  affection: — 


inomnY 

Blwl. 

Eul, 

Bjn. 

BiJhm. 

Now. 

BCunmv, 

Kmrt. 

Skin. 

Tntal. 

34 

20 

i 

i 

S 

^ . 1 

3 

i 

ai 

17 
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It  ia  to  be  borne  in  mind,  however,  that  cases  of  hyaterical  ischuria  are 
frw|iiently'c«mpUcatc<I  witli  that  Htniugo  monil  peryersioii,  which  Itads 
lo  (Jie  most  [juvsevering  and  ingenious  uttempts  nt  dectiit;  and  tbore  can 
be  little  doubt  that  a  good  miiuy  of  the  iristAucea  on  record,  esjiecially  of 
urinous  Tomiting,  are  by  no  ineoiiH  veritftblo  examples  of  mctflstasis. — The 
prixifs  of  the  fiict  we  iive  seeking  to  cstjibliah  are,  therefore,  mneh  more 
■Rtisfectory  when  draWT)  from  exjierimentaujwn  animals,  or  from  jmtliolo- 
gical  observatious,  about  whinh,  fi'oni  their  very  nature,  there  ean  be  no 
mLnake.      Thus  Mayer*  found  that  when  the  two  kidneys  were  extirpated 
iu  the  guinea-pig,  the  cavities  of  the  peritoneum  and  the  pleura,   the 
ventricles  of  t|je  brain,  the  stomach,  and  the  inteiTituial  canal,  coiitidncd  a 
lirowiiisli  liquid   having  the  odour  of  urine;  that  tlie  teara  exlialed  the 
■amc  odou]-;   that  the  gall-bladder  contained  a  brownish   liquid  not  re- 
lembling  bile ;  and  that  the  testeti,  the  epididymis,  the  vasa  deferentia, 
and  the  vesiculie  seminnles,  were  gorged  with  rt  liijuid  |ierfectly  similar  to 
urine,     Chirac  and  Helvetiua  are  quoted  by  HaJler  as  having  tied  the 
renal  arteries  in  dogs,  and  having  then  remarked  that  a  urinoua  fluid  was 
paaaed-off  from  the  stomach  by  vomiting.      A  remarkable  case  ia  quoted 
by  Nyaten  from  Zeviani,  in  whicli  a  young  woman  having  received  an 
incised  wound  on  the  exlemul  genitals,  which  would  nut  heal,  the  urine 
gntdoftUy  became  mora  Bointy,   until   none  could  be  jMisseJ  i^ven  witli 
the  aaaifitttnce  of  the  catheter;  at  last  dropsy  supervened,  with  sweats  of  a 
nrinons  odour,  and  vomiting  of  a  urinous  fluid,  which  continued  daily  for 
thirty-three  years  :  on  jiost-mortom  examination,  the  kidneys  were  found 
di8organiz«ii,  the  right  ulster  entirely  oblitomtod  and  tlie  lelt  neai-ly  so, 
Uid  the  lila^lder  cuiutracted  to  the  nize  of  a  pigeon'^  egg. — In  some  other 
instances,  the  urine  ajijajars  to  have  been  secreted,  and  then  iv-absorbed 
in  rouseqnence  i^f  Bi.'me  obstruction  to  its  exit  through  the  urinary  jina- 
■ages.     TliuM  Nysten  quotes  a  case  from  Wri8l)erg,  in  wliich,  the  uj'ethi'fl 
liaviug  been  partially  obstructed  for  ten  years  by  an  enlarged  prostate, 
the  bladder  was  ho  distended  as  to  contain  ten  pounds  of  urine;  and  the 
seroaity  of  the  pericardium  and  of  the  ventricles  of  the  brain  cxlialed  a 
iiriuoiLS  oilour.     lie  cites  other  instances,  iu  which  the  jireataice  of  calculi 
in  the  bladder  pi-evented  the  ihio  discharge  of  the  secretion ;  and  in  which 
a  urinous  liquid  was  ejected  from  tlio  stomnch  l>y  vomiting,  or  wsa  dia- 
uharged  by  stool.      A  still  more  remarkable  case  is  recorded,  of  ii  girl 
bom  without  either  anus  or  external  genitals,  who  nevertheless  nauained 
in  good   health  to  the  age  I'f  fifte(;n  years,  passing  her  lu'ine  from  the 
nipjilcs,  and  getting  rid  of  fiecal  niattei-a  by  vomiting. — There  are  casia, 
moreover,  in  wliicli  it  would  seem  that  the  niueous  lining  of  the  urinary 
bladder  miist  have  hud  a  s[iecial  power  of  secreting  urine;  the  usual  dis- 
charge having  token  place  fc:'  the  end  of  life,  when,  as  apjieared  by  posb- 

*  "  ZciUdiriil  fur  Plijsiulogii!,"  toui.  iL  |i.  27u. 
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tnui1«iu  examinatiou,  the  kidnuya  were  so  c^)iuiilt>tel,v  diaorguuxd  lbs 
tJiey  couU  not  have  fiiniished  it,  or  had  lieen  jirevented  by  originil 
maJfot-niation,  or  by  ligature  of  the  urethra,  fi-om  discharging  it  into  lb« 
bhidder.  A  couaijerabJe  nomtier  of  these  have  been  collected  W  Bw' 
dach.*  In  oil  the  older  Hbit^monts  of  this  kiiid,  there  is  a  deScioicy  of 
evidence  that  the  fluida  were  really  urinous,  urea  not  having  been  oU  r 
tained  troiu  them  by  chemical  aualysia,  and  the  smoll  haring  been  e 
roUed-^3IL  The  urinous  odour,  however,  when  distinct,  is  probably  OMi^jrl 
as  good  an  indication  of  the  presence  of  the  mnet  charBct«na)k  eaa-I 
stituent  of  human  luiue,  as  is  the  nppearauce  of  the  urea  in  ita  w^MtiUij 
farm.  The  pa^saga  of  a  urinous  fluid  from  the  skin,  had  been  frvqti 
observed  in  cases  in  which  the  renai  secretion  was  scanty ;  and  the  i 
sweats^  by  whicli  attacks  of  gout  sometimes  terminate,  conbuu  nr 
and  phosphates  in  such  abundance  as  to  form  a  powdery  depomt  on  I 
snrlkcc. 

388.  The  metastasia  of  the  Biiiwry  secretion  ia  ^miliar  to  oveiy 
titioner,  as  being  the  change  on  which  Jnuiulice  is  de|>eadent.     It  i*  I 
however,  in  every  cose  of  yellowish- brown   discoloration  of  the 
that  we  are  to  impute  such  disooloratiou  to  the  presence  of  bilioiy  1 
and  we  can  only  safely  do  so.  when  we  have  at  the  same  time  uvid«iMa« 
concurrent  obstruction  of  the  biliary  apparatus.     The  urinary  apf«i«b 
then  atfords  the  principal  channel  through  which  the  biliary  taU) 
is  eliminated:  the  urine  becomes  tinged  with  the  colouring-prini'4]Je<i(' 
bile,  being  aometlmps  of  a  yellowish  or  orange  hue,  and  sometime*  of  • 
brown  colour  with  a  conaiderable  sediment ;  and  the  presence  of  the  i 
characteristic  constituents  of  the  bile  has  been  determined  in  the  ' 
The  Ramc  result  presents  itself,  when  the  biliary  duct  has  been 

obstructed  by  ligature.     Other  secretions  have  been  found  tinged^ 

the  colouring  matter  of  bile :  thus  the  pancreatic  fluid  has  been  awn  tf* 
yellow  colour  in  jaundice;  and  the  milk  has  presented  not  niemly  iLr 
hue,  but  the  fhanicteiTstic  bitterness,  of  the  biliary  secretion.  Tbe 
cutaneous  transpiration  is  not  unt'requently  so  much  inijiit^natnl  wili 
biliary  matter,  as  to  communicate  its  tinge  to  the  linen  oovering  Ibe 
skin;  and  even  the  sputa  of  patients  affected  with  bilious  fevers  hm 
been  observed  to  be  similarly  coloured,  and  liave  been  found  to  contain 
biliaty  matter.  The  secretions  of  serous  membranes,  tilso,  have  bem  fi*- 
quently  seen  to  preseut  the  characteristic  hue  of  bile ;  And  biliary  matler 
has  been  detected,  by  analysis,  in  the  fluid  of  the  pleural  and  pcriloiMBl 
cavities.  Biliaiy  matter,  however,  when  unduly  present  in  the  circnlatiii| 
current,  is  not  i-euioveil  from  it  by  the  secreting  organs  alon«>  fiirS 
seems  to  be  w-ithdmwn  also  in  the  ordinary  operations  of  uutriliQti,  tUItt' 
ing  into  combination  with  the  solid  tissues.  Thus,  in  persons  attettti 
with  jaaiidioe,  we  find  the  skin,  the  iiuicous  and  serous  membixaia^  the 
lymphatic  glands,  the  brain,  the  Hbroiis  tissues,  the  cartilages,  the  boDfl 
and  t«etli,  and  even  the  hair,  j)enetnited  with  the  colouring  matter  of  tbe 
bile,  which  they  must  have  withdrawn  from  the  blood,  and  which  soeaw 
to  have  a  )>artiuular  affinity  for  the  gelatinous  tissues.  It  is  imgKMsiUe 
at  preseut  to  say,  however,  to  what  extent  the  more  charact4?'ristic  iugrt- 
(lients  of  the  bile  aj*e  thus  withdrawn  from  the  blood ;  for  the  pnaonoei 
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its  eol/»irln</  matter  oiiinot  by  any  iiieaus  be  tjikc^ii  lis  lui  iuilication,  that 
ite  peculiar  rv»iiund  acitla  aro  uIbo  incorporated  with  tho  normal  compo- 
nents of  the  tisaues. 


2.  The  Liver. — Heentum  of  Bile. 

389.  The  Liver  is  probably  more  constantly  present,  under  eome  form 
or  other,  throughout  the  entire  Animal  Beries,  than  any  other  gland.  Its 
form  and  condition  vary  bo  greatly,  however,  iu  different  tribes,  that, 
without  a  knowledge  of  its  essential  structure,  we  tthould  be  disposed  to 
qnestiou  whether  any  identity  of  chiLracter  exuta  among  tho  several 
organti  which  nre  regarded  as  Hepatic.  It  is,  in  fact,  the  presence  of  bile- 
secreting  eellfl,  thiit  must  be  held  to  conatituto  a  Liver;  and  these  may 
be  scattered  over  the  general  lining  membrane  of  the  u,liment«ry  canal, 
or  may  be  remtricted  within  foUicles  which  are  formed  by  depressions  of 
it;  these  follicles,  Hgain,  muy  bo  multiplied  in  eome  particular  spot,  so  aa 
to  be  ^gregatcd  into  a  mass,  or  may  be  es- 
t«niled  into  long  tubes.      In  all  the  Inverte-  Pw.  66. 

bmta,  however,  the  Liver  ia  obviously  con- 
{bnusble  to  the  geneiiU  type  of  glandular 
ttructures;  the  hepatic  cells  being  in  imme- 
diate relation  with  a  Itaseinent-inembrune,  and 
being  discharged  upon  a  free  surlaoe.  This 
will  be  readily  underatood  from  an  examina- 
tion of  any  one  of  the  higher  forms  of  it,  such 
ait  that  presented  in  the  liver  of  the  Crab, 
v-hicb,  like  the  liver  of  the  Mollusca  generally, 
i>  a  lokuluted  glandular  moss,  formed  by  the 
aggregation  of  a  multitude  of  follicles  with 
distinct  cecal  terminations ;  these  follicles  dia- 
^tiargiiig  their  secreted  products  into  cavitie;! 
which  occupy  the  centre  of  the  lobules,  whence 
they  arc  collected  by  the  ducts  which  convey 
them  into  the  alimentory  canal.  On  a.  careful 
examination  of  these  follicles  (T^'ig.  53),  and 
a  comparison  of  the  size  and  contents  of  the 
C«IIb  at  the  bottom  and  towards  the  outlet,  it 
becomes  evident  that  the  cells  originate  in  the 
former  situation,  and  gradually  increase  in  size 
as  they  advance  towards  the  latter.     It  is  also 

to  be  observed  that  the  cells  which  lie  deepest  ^^^^  tc>,,.iw.M"K'.irm. 
In  the  ca>cuni  (a,  o),  contain  for  the  most  jiart   fled,  ihixriui;  au  fti^^teu  i>t  d. 
the   yellow  granular  matter,  wHch  may  be  t^TZ°,f.;^-„T,7".^'^nSrS 
recarded  as  the  pi-oper  biliary  secretion ;  but  'Hs  fnUititfi  Hpei.i.nMn  uf  ihtw,  m 
aa  they  mcreose  m  size,  there  is  also  au  m-  wpBrn»-iyiu...i.r,  i(,  *. 
cKoae  in  the  quantity  of  oil-globules  which 

Uiey  contain  (c),  until  past  the  mid<Ilo  of  the  follicle,  where  they  are  found 
full  of  oil,  so  a*  to  have  the  ap|jearauce  of  ordinary  fat-cells  [d,  e).  From 
this  it  happens,  that  when  an  entire  ctecum  isciamiued  microscopically, 
its  lower  lialf  ap]wars  lilled  with  a  finely-granular  matter,  intermingled 
with  nucleated  pai-ticles;  and  the  upper  half  with  a  mass  of  Ctt-oellB, 
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whuisi,'  iiuctui  urc  oliacured  by  tbe  oily  parti ules,* — Iti  VerU!l>i'»tL''l  ■liiaali, 
Lciwever,  tlio  Liver  si-eiiis  to  be  construct*..!  mum  u  liilliTeul  jilnn:  iu 
coiniH>ueut  cells  an-  di>  louj^er  cuntainod  in   (lisliiict  cava!   fuUicK's  nr 
clougatRil  tiibuli  bniaoiung-ofi'l'i-oiii  the  t'Xcrptiiry  liui-Ia,  but  mv  (-liul'W 
ti.igistltei'  in  inUfiaeH  hn^'iI!g  uo  immodiaite  relatluu  to  t]i«8(-  ilitcts ;  ikuci  ihnr  I 
uppears  stvony  reason  to  coiisi<kT  tbe  organ  as  in  frixiit  jmrt  ruiAlogouiJ 
to  till!  Vaacnlar  or  Dvtctleas  CJIuuda.     Iu  o»«cetiflirig  tlipougli  llir-Vfrtj.! 
bratL'd  st-ri«»,  it  iJrysentM  a  more  and  more  ttulid  [laroncliymntoiLi  toxta 
which  striMnij;ly  conlmsts  with  its  loosely-Iobulftti-J  raccmosi;  iu(|m«I  Id 
even   the    liigbL-st  InverU-'braln.      Thia  chanwtci-  is  very  obviims  in  llwl 
livur  of  Han,  which  is  pL'ciiJiarly  linn  and  com]iact,  luid   Irnit  lt«s  of  oon-l 
nwjtivf  tissue  betwi'an  its  dill'erent  partfi,  than  is  found  iu  thai  *•(  mmtf 
iither  Mammalia,— It  ib  obawvaMe,  moreover,  in  the  Huiuaii  liver,  th 
certhiin  portions  avo  nidimetitftry,  which  ctre  elsewhere  fully  dfvdoj* 
Thiia  in  tbt-  dimivora  anil   Rndentiu,  which   [tresent  the  most  conijili 
form  of  liver  tlmt  we  meel^with  among  Mammalia,  there  are  live  diituiH] 
jurta;  numely,  a  'central'  or  princiiml  lobe,  and  a  right  and  lell  'liid-nl  ■ 
lobo,  each  with  its  '  lobular  appeniiiigt'.'     The  whole  mass  of  tlic  htor  i 
Man,  whioh  we  are  ocoiiatomed  to  describe  as  cousistiug  of  a  •  right'  i 
'  left'  lobe,  does  in  reality  form  but  one  (there  being  no  real  diviida 
between  its  two  pcirtioufi),  whieh  must  be  regarded  aa  the  'eentml'  loh»J 
tlie  '  lobulus  Sjiigelii'  is  tbe  nidiment  of  a  nght  'latend'  lobe,  anil  f 
'  lobulua  cLudatua'  is  ita  '  lobular  appendage :'  but  tbe  left  '  Utoral' . 
with  its  ■  lobidar  aji]Kiintiigo,'  is  altogether  uudeveloi)e<Lt 

3y(l.  When  the  Liver  ia  closely  examined  with  the  nalcud  eye,  itii 

Been  to  be  uiiide-u]i  of  A  great  ntl 
l>er   of  amidi  gniindtir  Itodies,  bIk 
the  aia>  of  millet-seeds,  nf  an  irrt^ 
lar  form,  and  presenting  a  uniiib«r<l 
ronndeil    pifijocting   processes   up 
their  KUrftiees.     Tbese  are  eotiimonly 
tenned    Ivhu/eg,   altlioiigh     by 
Anatomists  they  axe   sjioken-nf 
aeini.'l       When    divided    hmgituri 
naUy,  they  have  a  Romewbal  folia 
appearance   {Fig.  56),    ariaing 
the  distribution  of  the  Hejiatie  VwB 

dejwDilms  rnimiNhrnniiiw. htc'  i™vpsoiiji  irei-;    division.  When  triuiaverscly  divid 
the  lDtnjDi«ii.r  Vein.  the  lobuies  are  iisiialLy  tound  to  ]ip 

Bent  somewhat  of  a  pentagonal  iir  i 
hexagonal  shajjo,  the  angles  being  sliglitly  rounded,  so  as  lo  form 
series  of  jiassages  or  interlobuliir  apaccH  (n.  Figs.  G3-C6) :  in  these  lie  ' 
branches  of  the  Vena  Portic  (aa  well  aa  of  the  Hepatic  Axtery  and  Duet), 

"  Bee  Dr.  Leiily's  '  Rcaoarchus  into  the  Comparutive  Strnotare  i)f  tlia  LiTer,'  in  "Ainti. 
Jonrn.  of  Med.  Sd.,".Tan.  ^SiS. 

1"  For  a  ^ueml  view  of  the  Com|tfirative  Strartrare  of  the  LiTer  in  different  ctoma  ^ 
snimivlH,  see  "  Princ  nf  Cumii.  TfiyB.,"  gg  i05-lll. 

t  The  arivi  of  MiJpi^lii  are  the  minute  budica  of  rnriooa  formi  aaJ  jellowuli  oolaa 
whii^h  are  neeii  nhtu  iiiiy  inrlivjiluitl  loimle  i»  einnilueil  viUi  the  Diicrc<KO)i« :  Ukh  I 
nothins  else.  In  lU  ever,  Ihnn  the  irrcj-iilar  islelB  of  [piin^iichjiun,  Ipfl  balween  the  mcatxX 
the  plcias  formeil  t>j  the  ulliiDHlF  ramilii/Ktiiiifs  cf  the  (■nrtsl  Tein. 
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from  which  arc  derived  the  pU^xuses  that  enter  the  lobules.  The  cjtto 
rior  of  Ciich  lohidti  is  covt^ed  by  a  \ifoccsa  of  the  '  cajisule  of  CJIisson,' 
which  is  Very  dense  in  the  Pig  mid  other  itimuiils,  but  ia  so  thin  as  to  be 
ainioEt  undiatiiiguisilialile  in  the  Hamiiu  liver;  its  eubstaiice  i8Com|iosed 
of  u  pAn:cciiyinti  foniiin]  by  h,  solid  iietw()rk  of  uucleated  cells,  tlie  iuter- 
S|nce(i  of  whiuh  are  oectipied  by  the  minutu  ramificatiuUB  ef  tlie  before- 
tnenlionod  vossels,  iimmged  in  the  manner  |irosciitly  to  be  descril)ed. 
The  dtnictui'o  of  each  lobule,  then,  gives  us  the  essential  chui'actens  of  the 
whole  gland. 

3iJl.  The  ren« /*(w(ip,  which  is  forme<l  by  the  convergence  of  the  veins 
thnt  return  the  blood  from  the  chylopoietic  viHcera,  probnbly  also  receives 
the  blood  which  is  conveyed  to  the  Uver  fur  the  purposea  of  nutrition  by 
the  Hepatic  Artery.  Like  an  artery,  it  gradunlly  siibdividea  int« 
suuUlta'  and  yet  amallwr  branches;  and  at  liist  it  forma  a  plexus  of  vessels, 
wliich  lie  in  the  intor-lobular  B]>aceB,  and  apreaJ  with  the  ti-eeat  inoseuliv- 
tiiin  tliroughout  the  eutiro  Liver.  To  these  vetiscla,  the  nauin  of  iiiter- 
lobuloj'  Veins  was  given  by  Mr.  Kiernan.*  They  ramify  in  the  eapsuloa 
of  Uie  lobules,  covering  with  their  ramifications  the  whole  external  surlace 
of  these ;  and  then  enter  their 

ftubstauee.     When  they  enter  Fin,  57, 

the  lobules,  they  arc  termed 
loiular  veins ;  and  the  ple.\u8 
formeti  by  their  convergeiiee 
from  the  cireiiinferonee  of 
each  lobule  towards  its  centre 
(where  their  ultimate  ramifi- 
cationa  terminate  in  those  of 
the  intra-lobular  or  hepatic 
vein),  is  deoignnted  as  the  lo- 
bular I'oiouji  }>lea:us  (Fig.  57). 
In  the  iaiets  of  this  plexus 
(the  acini  of  Malpiglij),  the 
r&iiufieationit  of  the  hepatic 
duct  are  distributed,  in  tlie 
manner  to  be  presently  de- 
scribed.— The  NepuCic  Arlcrif 

■ends  branches  to  every  [lart      _       __      _      _  ____ 

of  the  Ijver,  supplying  the  ^^"^  ^"''  [jrimnpni  B_v»i^iii&  or  Si^wd-p^'wrU:^!.  -i,  iifm- 

11        -,i  <.    1  1  1  lulmlmPiiiH,  LrnnihUtiiie  in  IIm-  Hi-pmlic  \pLns:  l.b.iitrrr' 

WBllaolthujiortiilnndhepjitic  lutiuiMpio.u.,  r„nui>di,,.  iifBBi'bmofihri'uri.i..'ii.. 
VMns,and  of  the  hcptiticduet«, 

ns  well  as  Gliason'a  capsule.  The  principal  distribution  of  its  biuncLes, 
however,  ia  to  the  lobules  ;  which  they  reach,  in  the  same  manner  with  the 
portal  vessels  and  biliary  ducts,  by  spreading  tlieniselves  through  the 
iuterlobulai-  sjiaccs.  There  they  rami^  upon  the  interlobular  duct^,  and 
upon  the  capsular  surface  of  the  lobules,  which  they  then  penetrate; 
their  minuteti*S3  prevents  their  ultimate  iliatribution  within  the  lobules 
from  being  clearly  demonstrable ;  but  it  is  probable  that  they  are  for  tlic 
most  part  restricted  to  the  peripheral  portions  of  these.  As  to  the  iilti- 
mate  termination  of  the  ca|>ilhirie9  of  the  hciiatic  arteiy, — whether  they 

*  See  )m  kdminblc  Hvcinir  on  'Tlie  AubU>ui;  luid  rkjHinlflj^  I'f  Uid  Ijvet,'  in  Qio 
■•  PUlowpliical  TruibkUoiu,"  1933. 


Udtji'^dEiU  A»IiQD  of  Lhr«'  ■uprrflciHl  Lohules,  Hhon'iUA 
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enter  the  Portal  |ileiiiD,  or  the  Hepatic  Veiu, — tbertj  is  h  dilTFrmMof 
opinion  (iraoDgat  iiiuitomiats;  the  former  view  being  upheld  by  KitniMi,  ' 
the  latter  by  Miiller.     The  (jueatiou  is  a  very  intereating  uue  in  a  phpu)- 
logical  [xiint  of  view;  ainoc,  if  the  former  accoant  be  the  true  nnc,  l}i«  I 
blood  wluL^h  is  brouglit  to  the  liver  by  the  hepatic  lu-tery  ctut  only  (i«anii*  j 
subservient  to  the  secretion  of  bile,  by  pofiaing  into  the  jiortal  plixia;| 
■whilst,  if  the  latter  be  the  correct  statement,  either  the  ftrlcriid  Itlual  i»| 
not  at  iill  aubservient  to  the  formation  of  bile,  or  the  secretiuuctal 
elaborated  from  the  arterial  capillaries.     The  researches  of  Mr.  Kienml 
have  sntiahictoriiy  proved,  that  the  intralobular  or  hepatic  veins  lauiiwll 
be  filled  by  injection  from  the  hepttCic  arteiy,  tliougb  tbev  wav  be  ratdiln 
filled  from  the  portal  pleius;  whilst,  on  the  other  Imiid,  them  in 
to  believe,  tliat  a  very  line  injection  into  the  hepatic  arteries  will  dud  i 
way  into  the  portal  plcxiia.*     It  ia  certain  that  all  tbe  brunches  uf  i 
hepatic  artery,  of  which  the  t^nninatiou  oaii  be  a^ejiained,  end  in 
vena  portm ;  a  (i'ee  capillary  communication  exiBting  between  their 
Bystems  of  branche^a,  on  the  walls  of  the  larger  blood-vessels  and  da 
According  to  Miiller,  there  is  an  ultimate  plexus  of  capillary  veasuK  wiib 
which  all  the  three  systemB  freely  coramuiiicate ;  but  for  this  idea  titm 
is  no  adequate  foundation ;  and  it  in  inconsinteDt  with  tlie  fiiet  just  (taiai, 
that  injection  into  the  hepatic  artery  does  not  return  by  the  hcpatii:  tcib.  , 
— It  now  only  remains  to  describe  the  Hepatic  Veitu,  the  btauclin  i 
which  occupy  tho  interior  of  tho  lobules,  and  ore  tenneil  infrn-lnb 
veins  (Pig.  57,a,a,  Fig.  58).  On  makinga  transverse  section  of  a  lubule^itl 

Fio.  68. 


Stctioa  ot  *  natO  toitioa  or  tbe  Liii^  ol  t  Eaim,  viib  tlis  Hepatii)  or  ininlobiilM 

TAUIJ  IqJHtod- 

is  seen  that  the  central  rcssel  is  formed  by  the  conver^nce  of  from 

to  six  or  eight  minute  venules,  which  arise  from  the  processes  upon  < 
surface  of  the  lobule.     In  the  superficial  lobules  (liy  whioli  term  «k  ' 
designated  those  lobules  that   lie  ujMn  the  exterior  of  the  glaudiiiiu 

*  Tbu  U  staled  la  hme  beeu  the  casQ  in  tbe  Injvctiuna  at  LiebBrkiilm,  sllbun^  Ur- 
Kianuw  hu  not  sacooaded  in  eSecloog  it. 
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«ubataiioe,  not  oaly  upon  the  Huxfaee  of  tlie  liver,  but  also  againat  the 
walls  qf  the  larger  vessels,  ducts,  r!bc,)  the  intraluhular  veins  commeuce 
directly  from  their  tmrface;  and  the  uiiuute  venules  of  which  each  is 
ooniposed.  may  be  seen  in  on  ordinary  injection,  iionvergjiig  from  the  cir- 
cumference towai'ds  the  centre,  as  in  the  trajisverae  section  of  other  lobules. 
The  intralobular  veiDH  terminate  in  the  larger  trunks,  which  pass  iilung 
the  boseB  of  the  lobules,  collecting  from  them  their  venous  blood ;  these 
are  caUud  by  Mr.  Kieman  aitii-loliiiljir  veins.  The  main  trunk  of  the 
Hepatic  Ycin  terminates  in  the  asoending  Ycna  Cava. 

392.  The  Hepatic  Duct  forms,  by  its  subdivision  and  ramification,  an 
interlobulai'  plexus  very  like  tluit  of  the  portal  vein;  but  the  annstomosia 
between  tlie  branches  going  to  the  different  lobules  is  lees  intimate  than 
that  of  the  interlobular  veina,  and  cannot  be  directly  demonstrated ; 
although  Mr.  Kieman  thinks  that  inn  experiments  leave  but  little 
doubt  of  ita  existence, — a  communication  (which  cannot  he  seen  to  be 
established  by  any  nearer  channel)  being  proved  to  exist  lietwei'U  the 
right  and  left  primary  sabdivisions  of  the  duct.  The  interlobular  ducts 
rainiiy  upon  the  capsular  surfaoe  of  the  lobules,  irith  the  branches  of  the 
portal  vein  and  hepatic  artery ;  but  they  cannot  be  traced  into  their 
interior;  and  most  recent  observers  agree  in  affirming  that  they  do  not 
enter  their  parenchymatous  sul«taiice.  To  use  the  language  of  Prof. 
Kolliker.*  "  Wliatever  view  we  may  take  of  the  connection  of  the  hepatic 
oell-network  with  the  efferent  biliary  canalu,  it  is  undeniable  that  auy 
such  connection  only  takes  place  v^pon  the  mrr/ace  of  tlie  hepatic  itlein 
(lobules),  and  not  in  their 

interior;  and  that,  there-  Pm-  Be- 

fore, the  bile  which  is 
formed  there  iiiiul  be  Ini/n^- 
milt«d  outwardg  /ran  eeli 
to  celi,"  in  the  nuuiner  in 
which  fluids  are  traxismit- 
tod  through  closed  cells 
in  plantfl.  The  probable 
relation  of  thetie  two  com- 
ponents of  the  Hepatic 
structure,  is  shown  (dia- 
giauinatically)  in  Fig.  59. 
— The  terminal  portions 
of  the  biliary  ductsf  are 
crowded  with  nuclear  par- 
ticles and  granular  mat- 
ter, resembling  that  wliich 
forma  the  intercellular  plas- 
ma of  the  lobules;  there 
are  also  cells  which  seem 
to  lie  identical  with  those 
of  the  parenchyma,  except  that  their  walls  arc  thinner  and  their  contents 
more  pellucid ;  and  fragments  of  similar  cells  are  often  to  be  seen ; 
whilst  the  columnar  epithelium  which  lines  the  larger  ducts,  is  almost  or 

*  "JUnntl  at  Hnman  Uintolog;,"  (Sjilenlinm  SiiciGlf'ii  EJit.),  vol.  li.,  p.  110. 
t  Sm  Mr.  Wbutoa  Jonva,  in  "  Philos.  Tnosact.,"  184tj,  p,  277- 


DiiifniniDf  the«rnu^r*vwnt  irthpcpllalmrpuvapbTnia  tbl) 
of  Ul«  Buman  Lip^r,  with  rrforpDco  Ut  Ibc  roHi^'lei  uf  Lbo  inlfr- 
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entirely  wanting.     Tlieee  ujiiiearauces  may  bo  coiisidorMl  to  iu(li(«t«,  iLkl 
ivn  uctivo  aecri'toi'y  tuDction  ia  goiug-on  in  tbis  HituiiUou. 

393.  The  subatonoe  of  each  lobule  tufty  be  couaidei-ed  as  a  toUd  Mftmi 


Fio.  60.  • 
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*  TnuuvonpVHtiODDfBXo&Klffof  Iha  Eaoun  Liver,  Hboinn^Uic  nlicuUr  vrttffKtDArt  tf 
Ma  piu^nL-lLinim.willl  frime  of  Ihu  bmnobea  irr  the  Hepaljc  Tcia  lu  UirCPntrv,  and  line  of  H* 

I'lkrlhl  V(-iii  nl  Ihc  j-eriiilicrj. 
t  A  r<iii#U  |x.>rli'in  i^f  this  hi^'TLdd  nn^rr  Tii^'h]^  nu^^iufibl,  BlitjmiLg  llie  cgluouu  vf  MCRtlAf 


of  pai-enchyma  (Figs.  CO,  Gl),  eoinpoHed  of  cells;  the  iaterspacea  of 
ate  flo  completely  occupied  by  the  vascvdai'  network  alrMidy 

that,  vheii    the   l&tter 
F'O'  62.  folly  injected,  no  vacnitia 

*  s  are  seen.     The  niedho* 

the  parenchyuiatous 
work  have  a  more  rouniW| 
form  towojila  tht*  cu 
of  the  lobiilo,  wliilel  in  (ba 
centre  they  are  dis[ 
more  radially  -  so  that  la  > 
section  cutting  the  iiit 
lobular  vein  traii»ver«dj 
long  branching  coin 
of  hepatic  cells  are 
stret<;liiiig  trom  the  la 
on  all  side«,  and  uniting  M 

short      hlt^'ITll      ltUll£l«lUJ<1 

(as   ill   Fig.   *!l),   so 
the    iDterraediiitt;    uu-sh4 

Jk.  liorticmof  n  UrBtilie  QibrBm.  IhnD  Ilanmn  Liver,  ALuwin^    ....ruj**.    \iVa     nttt^v^'    t^h^ 

ft.  n.,n.podrdi  sMTDiinarpii..-.,  .wrfiiiiK<-rii..WiM.wt,..,  "IT^r  iiice    narrow  ciu 

In  tW-'ie  Miirmiti  ■rpi*',  C.  u  fi'II  raiipp  tip^ir  ningQinrd,  AhowiDi;    gated  clefts  These  C^lu 

uu,i-eeu^n\i.„,.  (Fig.  G2.  a)  usually  conia* 

of  from  throe  to  five  i 
of  ctJIa,  and  arc  gcmrally  cylinilricul  or  prisoiiittc,  bill  not  at  all  rcgaluQ 
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~90,    Fragmente  of  them  aru  aluiuat  always  to  be  fonnd  among  ecrapcid-ofl' 
particles  of  tilt!  liver.* 

394-.  The  biliary  etUs  of  the  Hiiinan  liver  (Fig.  I>3,  b)  are  iisunlly  of  a 
llntleiied  sphifroidal  form,  and  fi'nm  l-loOOth  to  I-300(ltli  of  an  inch  in 
diiunoUr.  EjicIi  cif  llieiii  presents  a  iliatiiict  iiiicloufl;  nml  tht:  cavity  of 
the  cell  is  occupied  by  yeUo*'  amorphona  liiliaiy  matter,  iiBiiiilly  bixi'iiig 
one  or  two  large  adipose  globtiles,  or  live  or  eix  ainall  ones,  inter  mingled 
nrith  it  (a,  h).  Tlio  size  and  number  of  theae,  however,  vary  considerably, 
scoordiug  to  the  nature  of  tbe  food,  the  amount  of  exercise  recently 
taken,  and  other  ciivumataneea.  If  an  animal  be  very  fat  or  bo  well  fed, 
e^teciaUy  witli  fiu'lnMceous  or  oleaginous  aubstances,  the  proportion  of 
appose  fiartiolos  (r)  ia  mucli  grcat*'r  tlian  in  an  animal  moderately  fed 
and  taking  mneh  exercise.  The  size  of  the  oil-globules  variea  from  that 
of  meru  points,  scareoly  distiiigiiishable  from  the  griinular  cuntents  of  the 
cells  except  by  their  intcniw  lilackiiasa,  np  to  one-fonrth  of  the  diameter 
of  the  cell  A  atill  j^ater  accumulation  of  a^lipose  [jarticlea  in  the 
biliary  cells,  givB.t  rise,  na  waa  lirat  pointed-out  by  Mr.  Bo»Tiian,+  to 
,  the  peculiar  condition  tcnned  '  fatty  liver'  (5  397).  The  fiiiely-jrranulai* 
I  mntter  is  the  portion  from  wliich  the  colour  of  the  cell  is  ilerivt'd  ;  it 
seema  to  till  the  sjiace  not  occupied  by  the  oil-globules ;  and  it  often 
obscure.s  the  nucleus,  so  that  the  latter  cannot  l>e  diatinguLflhed  until 
acetic  acid  is  aiidod,  which  uiaken  the  granular  matt^^r  more  tranapareut 
without  atl'ccling  the  nueleus. — The  cells  are  ind)edded  in  a  dilTtisod 
granular  phiania,  in  which  young  cells  are  observable;  these  being 
apparently  formed  by  a  collection  of  free  nuclei.  It  has  been  usually 
supposed  that  the  hepatic  cells  ordinarily  contain  tiViari/ matter ;  but 
such,  from  the  recent  enquiries  of  Dr.  C  Ilaudlield  -Toiios.l  appears  not 
I  to  be  tbe  case,  save  in  excjjptional  inatancea,  though  the  rnlmirimj  matter 
which  they  contain  seems  to  1«  identical  with  that  of  the  bile.  But 
'  the  2'ccii'iui'  ^igitr  which  is  found  in  the  blood  of  the  hepatic  vein  (§  1 85), 
is  nearly  always  detectable  throughout  the  cellular  ^larenchyma :  being 
least  abundant,  however,  when  the  cclh*  are  loaded  with  fat,  which  is 
more  commonly  the  case  with  those  of  the  periphery  than  with  those  of 
the  centre,  of  the  lobules. 

395.   Before  proceeding  to  consider  the  physiological  actions  of  this 

oi^n,  we   may  stop  to  notice  some  of  those  Pathological  changes  ooca- 

tionnJIy  seen  in  it,  which  have  a  inoHt  intimate  ii'lation  to  the  stnietural 

details  already  given.     The  first  class  of  alteriitions  in  its  appeaniuce  to 

;  which  we  nhall  refer,  ia  connected  with  abnormal  conditions  of  its  Circu- 

TJiit  p]cxirb>rQ^  ormngeiDCDt  of  the  c-cUular  panmnhTiDa  of  tlio  Liver,  boa  1e<1  MTUml 
eminent  Annl'imi»ld  (ninong  them  Prof.  IteUins,  Dr.  LoiUj,  and  Br.  liiiillol}  t'l  tho  belief 
tlial  Ihc  bilioiy  ilvrri  fumi  n  pluxnn  tbmngli  tbe  iDlerior  of  tlie  lobnlita,  nail  lb]it  tbe 
be[AU'e  cg[\h  fine  tb'^ir  inlorior-  j^ltboo^li  ho  had  nevtr  been  Hble  to  pirDfinu  the  kUxIp- 
Bivaljt  uf  tlieiu;  <i1>s<;rTen  reepectiD};  tbe  esu^l^Dce  of  A  t)aHemeiit-TiietDbr.ii]e  aroum^  tho 
'tolomoit'  of  bejiatic  nOla,  jpl  be  wm  ho  fur  Mitislied  of  llie  currMtiiesa  of  tbcir  statemcntu 
oa  otbLT  faoTutA,  tu  lo  hbvc  A«&pU<<l  thli»  oao,  iu  formt'T  edilJoofi,  vitb^^ut  quehliuning 
iu  H'lTQclnvsn.  Kurtbtr  enii^air^',  bowcrer,  hju  uitifilied  bim  tUftt  tite  viifw  uf 
the  eumponnd  ottture  if  liie  ll«)'fttie  Btnictnre,  wbii-b  Dt.  C.  UnniltitU  .lont-s  «««  Vhu  first 
t"  |ini)njniicl  I"  rbiloftiphioil  Tnuutietions,''  1846,  \SiV,  and  Ifi.'i'l),  and  whicb  liannonisKf-i 
BFitlj  Frr>f.  Kirllikcr'q  auounliL  of  ita  Btractaro  (op.  cit.),  in  rtakllj  the  Dorract  ouc;  tbiB 
view,  iiinrv«>vcr,  Ix'ing  Htritingl.v  OtDfinneil  sod  ilLuFTl.nitiiJ  by  the  parcel  oriier  of  auato- 
I  iniail  and  plijsiological  !»aa  prenenleil  by  tlie  Vancnlnr  Ulniicia, 

+  ■■  Medical  aaHtte,"Jui.  1843.  t  "  Pliilmmphical  Tiiuiu(!tiaiui,"  18S3. 
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latioiij  as  was  long-since  diecoverod  by  Mr.  Kicnun  (loc.  cat).  Wbal 

li^er  is  in  a  state  of  Anivutti  (  ' 
rarely  hftppens  as  n  natural  • 
although  it  may  W  induced  liv  bl* 
an  aaimal  to  death),  tlie  wlmlr 
stODce  of  the  lobulee  is  pole,  u 
sented  in  Fig.  63.  IngeDenU.bov^V 
the  liver  is  more  or  less  oangeB(«d  i 
the  moment  of  death ;  and  tliii 
gestioD  may  maoifcst  itself  in 
ways.     The  whole  substaiioe  waj 
congested;  in  which  case  the  !"b 
present  o  neariy-uniform  dark 
throughout  their  substance,  thAt  i 
•,  anpiiu  lohnis  in  •  iMM  oiAnamti,  t   tre8  being  usually  more  deenly-oolo 

lhp7»|i|ii.Monih>.i'il«rMliorfiiMoftbBlivei;    .1         .1     mnrm'nH     An  iiriiu>«™n™. 

B,.Di?r!r)iiu]ar,pwp.ic,idier[oiJoii.ra«ni«!   'Uan  iDB  margiuB.  All  npj)«vrnnce  I 
D.inK.i-inhu]iiri.>iiw  on!qejiiiniiie<wntr»ot  frequontly  offered  after  death, L')» 

ihf  cminii  rfiiu.  '»   that   represented    at   Fig.  fii, 

termed  by  Mr.  Kioman  the  find  1 
of  llfpalic  Veiuiut  congestion.   In  this,  the  isolated  centres  of  thr  lobah 
alone  present  the  colour  of  sanguineous  congestion ;  and  the  snrrouDil 

Eubstanoe  Tories  from   a  y^llov 


Pid.  St. 


A,  ntaBApA\i}\'^f*\bjtnl  w^t^ai  H'pttlteTr- 


white,  yellow,  or  greemah  MloaR 
according  to  the  i^uantity  and  qu 
of  the  bUo  which  it  contaiio.  Thai 
Occumulation  of  the  blood  in  ill 
hepatic  veins,  and  the  emptinesi 
the  portal  plexus,  aeem  due  to  tb* 
oontiouance  of  capiUary  action  1 
the  general  circulation  has  oeMOtl;) 
drcuDistancc  to  which  we  find 
exact  parallel,  in  the  eniptinen 
the  ayatemic  arteries,  and  the  ftilne 
of  the  veins,  after  most  kinJa 
death  ($  269).— In  the  aeixmdt 
of  Hei^ttc  Venous  oongeatioii, 
aooumuhttion  of  blood  is  found  iiat| 
only  in  the  intralobular  TetI)l^  bol 
even  in  parts  of  the  portal  or  lobokr 


the  ii«^  »,  ioUriobttir  ^ioH  Kid  BHur«.        venouB  plexuB.   1  he  i)arta  which  •» 

freest  from  it,  ore  those  siirraimdiuig 
the  interlobular  spaces;  so  that  the  non-congested  substance  hern  app«n 
ill  the  form  of  circular  or  irregular  patches,  in  the  midst  of  whici  tk» 
BpBCPB  and  fisBurea  are  seen  (Fig.  fiS).*  Although  the  portal  as  wdl  M 
tho  hepatic  venous  ^stem  is  tinia  involved  in  this  form  of  congestiiia. 
3fet,  as  the  obstruction  evidently  origiuat«t  in  the  latter,  the  tcnn  git* 
by  Mr.  Kicrnan  is  Rtill  applicable ;  and  it  is  important  to  distinguish  tU( 

*  This  reij  couimun  upect  or  the  Liver,  which  presenM  nnnierDiu  modificalMni,  b> 

bMU  K  moTce  of  grvnt  perplifitjty  to  tho*e  vho  hHTe  studied  the  rainnte  ukftloiaj  of  1i^ 
nrgui,  BDd  hu  eTeu  led  AuattimistH  of  the  highest  emineDce  into  aerioiu  Hnim.-~fltt  I'' 
BnamnH  Wilscni.  in  "Cjclop,  of  Aoat.  and  Fbjsiol.."  vol.  iii,  pp.  186.  IBlt. 
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■ppeftT&nce  from  that  next  to  be  described  The  second  stage  of  Hepatio 
Venous  congestion  very  commonly 
attends  tiisejkst'  of  the  heart,  and  uther 
disorders  in  wliicli  there  is  an  impe- 
diment to  the  venous  circulation; 
and  in  combination  witli  acciimula- 
tioD  in  the  biliary  diict»,  it  gives 
rise  to  some  of  those  appearances 
which  are  (mown  under  the  name  of 
dram-drinkers'  or  nutmeg  liver. — 
The  other  foim  of  partial  congestion 
arises  from  an  accumulation  of  blood 
in  the  portal  veins,  with  a  reverse 
oondition  of  the  hepatic  or  intralo- 
bolar  veins;  in  this  condition,  which 
Mr.  K.  designates  aa  P'frtal  Vejuma 
oongtallony  the  marginal  portions  of 
the  lobules  ore  of  deeper  colour  than 
usual,  and  torm  a  continuous  not-  „„;„„„,  ,,.„dc.intr.U.buiM.p2Ui  o.™. 
work,  the   isolated    spaces    between   gc»k>j  TTiir«ii>i>uiMr.oin.i  «,  mimjuirj  |i.ith«i, 

,  .    ,  -     1    1  T  eiU'[nlinj£  T'>  HnTiroumftmweof  thi*lobiil*»Bi  r. 

which  are  occupied  by  the  non-eon-  non-wngMieJiKirtuimiofiDiHii™. 

gmted  portions  (Fig.  G6).     This  ia  a 

Tery  rare  occurrence ;  having  been  seen  by  Mr.  K.  in  children  only. — 

These  differences  fidly  explain  the 

diversity   in  the   statements   of  the 

older  anatomists,  as  to  the  relative 

position  of  the  so-called  red  and  yet- 

low  substances ;  for  it  now  apjiears, 

that  the  red  substance  Ib  the  eonguled 

portion  of  the  lobules,  which  may  be 

either  interior,  or  exterior,  or  irre- 

galarly-tlis]>oaed  ;   whihrt  the  yellow 

is  the  noH-ccmyegltd  part,  in  which 

the  biliaiy  plexus  shows  itself  more 

or  less  distinctly. 

39G.  Another  very  interesting 
form  of  Pathological  change  in  the 
aspect  of  the  Liver,  which  the  know- 
ledge of  the  structure  of  the  lobules 
enables  us  to  comprehond,  is  that 

'granalar-degeueration'      which     is  _____ 

very  apt  to  supervene  upon  In*  ciimjuiuJiunoittiKidi  u, the c^utrai  p^rtjoTuibft 
flainmatory  affections  of  tl.e  organ,  ^'^f-dTZ"  '■  ""  °"^  ^""^  "  ' 
and  of   which  one    foim    has    been 

known  as  Cirr/timg.  The  liver  thus  affected*  is  usually  diminished  in 
bulk,  sometimes  considerably  so;  it  is  harder  and  denser  than  usual; 
•nd  its  surface  is  roughened  by  the  projection  of  a  vast  number  of 
minute  bodies,  varying  in  size  from  that  of  a  piii'a  head  to  that  of  a 

•  The  rMemblnnce  which  the  ciirhosod  Lirar  often  lieara  lo  the  sola  of  a  dhoo  beiiel  with 
bnb-iuiUi,  hm  ocosiicined  it  to  he  deaif^atcd  'hob^nailcfl  IJTur;'  nhilat,  fmm  Ihe  isuiie 
Is  which  iJie  nuiuDB  (unnA  of  gruinlac  ilegeiiaratioa  nre  muBt  Ereqaeatlj  tnwethle,  the 
argu  UiDB  affscted  ia  ifMa  descnliml  u  'giu-liTer.' 


A,  liliuin  a*  thrj  kppckr  an  the  lurfllOT'  in  4 
■piM'i^  Had  liiriur«4^  c,  lii1rBli>l>iLii%r  ticjufii'  reiDB, 


OP  swavenon  ajto  kccretiok. 


bAMl-^nat,  nliiUt  th<^  coiniectiug  ti^Qc  i«hriiiks-iu.  The  wluilo  I 
of  the  vifieua  in  iiltfri^d  in  tlie  same  maunrr.  Wli'-n  tin;  bodb> 
niiiiitty  auil  doacly-sct,  they  impart  what  ajipears  at  (ii-st  to  hi-  n  iiuiC 
biowiiish-yeUow  tint  to  the  diviJed  eurface;  liul,  when  nion-  nraAiU 
examiued,  their  sejjoratioa  becouie«  erideut,  thi-ir  owu  hue  being  t 
yellatr,  like  iiubleaehed  wax, — tta  appeaTiuiee  which  makes  it  not  Bur 
that  Laennec  should  have  been  led  to  regai'd  them  as  fcirmnl  by  a  i 
deposit,  AnaJoi;oua  to  tlint  of  tul>ercular  mattiT.  It  was  first  tni|g{MCal  1 
Oruveilhior,  that  the  yellow  bodies  rejilly  ctiusist  of  the  pmper  wb 
of  the  liver;  and  that  they  are  fonned  by  the  excessive  dercloiimiTiit  of  j 
portion  of  the  lobules,  consequent  ujion  atrophy  of  the  renuiiudtT. 
however,  ia  not  exactly  the  case;  (or,  whether  nuQiitc  gnuiuhw  ur] 
biidica,  they  are  small  uiicoageated  jiatcliea,  composed  of  [larta  of  i 
adjoiniug  lobules,  and  liaving  one  or  more  interlobular  epaotta  fori 
their  yellow  colour  being  tumply  that  of  the  ixtrenchynin  an 
charged  with  bile,  or,  at  least,  with  its  colouring  niiitler,  Tlu'  lilt 
portions  of  the  hepatic  substance  are  more  or  leita  complcU-ly  atni] 
and  tlie  pro]K:r  (lart-nchynia  is  (iiirtly  replaced  by  adventitiouH  tibriiui  lb 
which  iiiterpi-netratca  the  whole  mass  of  the  organ,  thus  imjiartiii|i  to  ill 
greater  siolidity  tlian  usual— The  mode  in  which  thia  dhati>^^  is  iiiilua^l 
has  been  carefully  studied  by  Dr.  G.  Budd ;  *  who  has  shown  ilul 
begins  in  inflammatory  action,  either  acute  or  chronic  The  (ormtri 
rare  in  this  coujitryi  hut  a  form  of  the  latter,  termed  by  Dr.  G. 
'  adhesive  inflammatiou"  of  the  liver,'  is  comjmrativcly  fre<{ueiil, 
cially  among  sjiirit-dr inkers.  Tliis  discuse  aepnis  distinctly  tmraitliU  : 
the  irritation  ppiwluced  iii  the  organ,  and  ospeekUy  in  tlio  lining  tn* 
braiie  of  its  blood-vessels,  by  the  presence  of  ak'ohol  taken  into  lliecir 
lating  cummt  through  the  radicles  of  the  portal  vein ;  and  it  resnlls  ia] 
the  partial  or  complete  obliteration  of  some  of  the  brrmches  of  that  I 
which  caiTy  ita  bloo<l  through  the  liver,  ajid  also  in  the  elfiiaifin  of  ph 
lymph  in  the  interlobular  sjiaces  thronghoiit  the  Bubslance  of  the  v'm 
which  gradually  consolidates  into  a  fibi-ous  tissue,  that  forms  IliJii  lis 
between  small  irrcguliir  masses  of  the  lobules,  and  undergoes  a  gisiliB 
contraction.  Both  these  causes  «iil  operate  to  produce  atrupliy  «f  4 
coiiaiderable  part  of  the  parenchyma  of  the  liver,  and  a  drawing-iu  tS  in 
cajisule  at  the  parts  con-eeponding  to  those  lines  of  fibrous  tissue; 
the  islets  tliat  still  receive  their  due  supply  of  nutrimeot,  becocne  l»yp*J 
tropliied,  ftn<I  project  from  its  surfiice, 

397.  Among  the  most  frequent  of  the  jiathological  changes  which 

assistance  of  the  Microscofw  enables  ns  totel 
ocm  in  the  liepalie  eeUn,  m  that  engorgciMall 
with  adipii.se  jMirticle^  which  is  obsernible  if 
. ,,  the  condition  of  the  organ   known  as  ■  bltj 
liver'  (Fig  67).     This  state  having  br<«i 
qucntly  observed  in  individuals  who  faavei! 
of  phthisis  or  other  diseases  of  the  lungs  ill 
nrpttiui  C'l'-  ..-..IV  I  -"111  *■«(.■  vol ving deficient  respiration, lias  l>reii  impnli 
Sub^™'!'""'  ""■■'■""'  ''■     '^  to  a  vicai-iona  action  of  the  liver,  which  (. 

was  supposed)  made  an  efffirt  thus  to  disch 
the  hydro-carbonaceous  matters  that  should  normally  tie  eliniinAted  I 

Sec  his  "  TreSiliBc  nn  DiBeosw  of  the  Lirsr,"  SnJ  Kdit. 
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tlie  Iiiligs.  But  such  ft  viuw  is  inc-oiiBiateiit  with  vai-iouM  Suits,  which 
show  (as  Mr.  Paget  has  Justly  remarked)*  that  th(^  fatty  liver  is  lui 
ctive  opgiiu,  niiu  which  is  iiiftcliiirj,'iii(j;  fc#«  thiui  its  ordiiiniy  Ainctioii, 
tliut  the  :«:cu.i!iulritiou  of  tilt  in  its  cells  ii<  i-athtT  U>  be  considereil 
as  a  mark  of '  fatty  deguiienition.'  For  the  nuclei  disnjijwai',  the  projier 
coloiiriug-niotter  of  the  bile  can  no  longer  bo  diatiiigwisheJ,  the  liver 
increasea  iu  size  owing  to  the  tardy  or  obstructed  removal  of  its  cells, 
nod  its  paleiiess  indicates  a  slow  and  defuotive  supply  of  blood ;  more- 
over the  latty  liver  presents  it«elf  in  mauy  cases  in  which  there  hns  been 
no  deficiency  of  respiration,  and  is  frequejitly  absent  in  phthisical  subjects; 
and  there  is  uo  evidence  whatever,  tbat  the  organ  when  in  this  state  dis- 
chuges  any  unusual  amount  of  fiit  into  the  alimentary  canal.  StiU  there 
can  be  little  doubt,  that  the  accumulation  of  adipose  matt«r  in  the  biJhiry 
cells  is  fuvoiirod  by  deficiency  of  i-espii'fttion;  for  a  marked  relation  of  reci- 
procity is  (Usceraible  throughout  the  Anininl  series,  lietween  the  amount  of 
fill  contained  in  the  Hepatic  apparatus,  and  the  activity  of  the  Kespiratory 
function;  thus  in  Birds,  the  biliary  cells  scarcely  contain  any  fatty  particlcB, 
nhilst  in  Reptiles  and  Fishes  thi?y  are  loaded  with  them;  and  nearly  the 
same  difference  may  he  seen  V-tweeu  the  biliaiy  cells  of  Insects,  and  those 
of  Crustacea  and  Mollusca.  This  difference,  however,  is  probably  due  to 
tlic  drcumstjince,  that  the  fat  which  it  is  one  office  of  the  Jjivor  to  form 
(5  185),  is  at  oucc  ciirried*away  by  the  venous  blood,  to  be  elimiuated  by 
the  lunga,  in  animals  whotie  respiration  is  active;  whilst  it  remains 
itored-up  iu  tie  jiarenchjma  of  the  organ,  in  those  whose  respiiation  is 
Gomparatively  feeble. — Various  other  alterations,  however,  have  been 
noticed.  Dr.  T.  Williams  menttons,t  that,  in  a  case  of  obstruction  of  tlie 
dactna  choledochiw  by  malignant  disease,  which  occasioned  complete  in- 
terruption to  the  passage  of  bile,  and  conseqiicnt  jaundice,  scarcely  an 
entire  niicleatiid  cell  could  be  discovereil  by  attentive  eiaminatiou  of  a 
Urge  [lart  of  the  organ.  Nothing  more  than  miuute  free  pai-ticlea  of  fat, 
and  free  (ioating  amorphous  jrauular  matter,  could  be  detected!.  Ha 
further  statijs  that,  in  a  case  of  fever,  the  hepatic  cells  were  found  to  be 
almost  entirely  destitute  of  fatty  particles ;  and  that  iu  '  granular  liver.' 
the  (-ells  of  whieh  the  jiranules  consist,  strongly  resemble  the  ordinary  cells 
iif  tho  (uirpnclivma  of  the  liver  in  every  respect,  except  that  they  arc 
iilmost  or  conipli'tely  destitute  of  yellow  contents.  Similar  observations 
Lave  been  also  rectirck-d  by  Ih-.  G.  Kudd.J — In  two  cases  of  jaundice  ex- 
amined by  Mr.  Gulliver,  the  hepatic  cells  were  gor^'ed  with  biliary  matter, 
tome  of  them  tfl  such  an  ext<^nt  that  they  hail  becoQio  nearly  opaqixe : 
jterha[>8  if  this  condition  had  coutiuue<l,  these  cells  would  have   been  all 

I  ruptured,  and  the  state  of  the  organ  would  have  resembled  that  de- 

I  Hcribed  by  Dr.  Williams. 

398.  Wlien  we  take  a  goncTOl  survey  of  the  stmrtnre  of  the  Liver  in 
I  and  tlie  higher  Vertebrata,  and  of  the  relation  of  its  ptrenchymatous 
Be  to  the  blood-vessels  on  the  one  hand  and  to  the  excretory  ducts  on 
tie  other, — and  when  we  compare  these  arrangementa  with  those  tliat 
exist  in  ttie  Vascular  Glands  and  in  the  ordinaiy  Secreting  Glands, — 

I  we  find  strong  reason  to  regard   the  organ   as  shai-iug  in  the  structural 

•  'LeBtureii  on  Sotritiim,'  ke.  in  "  Meciical  ffaittte,"  1S47,  yul.  il.,  ji.  23B. 

t  "Gtiy'»  fl.wi-.iu.l  lleiKirW,"  1S43. 

:  See  lus  Treatbe  oa  "  DiseBgu  uf  ibe  laftl,"  Sod  odit.,  p^i.  211,  247,  ke. 
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duUMters  of  botli  tliose  oliisaea  of  bodies,  and   us   likely  to  perfotlB  tbi 
doable  function  of  Aasiiiiilution  and  Si>cretiou.     And  iLia  infermo?  I 
inonizes  well  with  all  tbe  facte  which  have  been  oscertained  willi  i 
to  its  operation  on  the  blood.     For,  as  we  have  already  aeen  (j  I3£){ 
there  is  very  i^lcai*  evidence,  that  the  Blood  in  circulating  thfjuffli 
livur  is  so  changed  in  its  chamoter,  as  to  be  n;nder«d  mon<  fit  to  cojijinitl 
the  body :  and  this,  not   only  by  the  ronioval  of  iuatt«re  whose 
would  be  noxicms.  but  also  by  a  conversion  or  higher  elubiiratiuu  irf  llua*! 
which  are  distined  for  the  purposes  of  uutiition.     Now  this  ia  [ifvlablyl 
the  special  purpose  of  the  ptireuchymutoua  tissue,  wldch  is  traveiW  lij  [ 
the  blood  in   its  pnosage  froui  the  Portul   to  the   Hepatic  YL'tn»;  jurt  m| 
the  parenchyiua  of  the  Peyei-ian  and  Abaoi'beut  tiluudula!,  of  the  SUI- 
pighiati   Wlies,  of  the   ^^pleeu.  itc,  ia   traversed   by   blood   di^trilnildj 
througli  thciv  capillai'y  jilevusca  by  the  Syatemic  Arteries.     On  ihet 
hand,  the  biliary  ducts  with  their  ctnitained  cells,  wliich  aiv  aupjihnl  1 
tbe  Hepatic  Artery,  probably  constitute  (aa  el.tcwhere)  the  propori 
ing  apparatus. — This  view  of  the  double  charact^  anil  fuuclinn  o^  I 
Liver  in  Vertebrated  auiniala.  bamioniTes  well,  aa  will  be  shown  he 
oiler  (Chap,  xvi.,  8ect.  4),  with  the  history  of  its  develojimeiit;  fur  il 
exiate,  in  the  first  pliie«,  as  a  jnronchymatous  moss,  which  or 
independently  of  any  ofiset  fi'oin  the  Alinientui-y  Canal,  and  cascnti* 
resembles  those  masses  of  which  the  assimilating  glands  ore  oouijiowali  i 
diverticulum  of  the  intestine  exl«uda  itself  towarils  this,  and  gnda 
pushes  its  ramifications  into  its  subfitanco;  but  these  (as  wo  havp 
never  proceed  further  tlian  the  exterior  of  each  of  those  little  cullivtirau« 
parenohynia  that  forma  a  lobule.*— Although,  however,  we  may  rvf 
the  tinirerliiig  and  the  Btcreting  actions  as  the  special  attributes  cf  I 
different  portions  of  the  apparatus,  there  does  not  apjHsar  to  he  adojn 
reoHOU  for  suppoiuug  that   they  are  entirely  disconnected,  and  that  tli«| 
parenchymatous  substance  of  the  liver  tidies  'u>  part  in  the  secretion  qfl 
bile.     On  the  contrary,  tliere  seems  every  probability,  from  tbe  intiu 
association  of  the  two  sets  of  actions  in  the  same  organ,  that  the  odd  ii^ 
to  a  certain  extent  the  ci/in/i/'imeiU  of  the  other;  biliary  matters 
eliminated  in  the  very  act  of  that  metamor^ihosis,  to  which  eerbun  i 
poneuts  of  the  blood  are  subjected.     The  ordiimry  absence  of  the  i 
biliary  comjmuniis  from  the  contents  of  the  hepatic  cells.t  is  no  oljo 
to  this  view ;  since,  if  this  matter  hi3  transniitt*,-(l  from  cell  to  cell,  toa 
the  (icriphcry  of  the  lobule,  as  last  mt  it  is  formed,  we  should  n»  mo 
expect  to  find  it  in  the  ]Mireuohyma,  than  we  es]iect  to  find  auy  iiuantiP 
of  urea  in  the  blood  when  the  kidueys  are  duly  pcrfoiTuing  their  (\ixif- 
tiou.      On  the  other  hand,  that  the  cells  of  the  liejiatic  parenehviiiR  af 
occasionally  found   to  be  turgid  uitli   biliary  matter,  when  Uic  fiiu 
eliminating  process  is  in  some  way  iuterfered-with, seems  to  iudifatPtl 
they  are  eonceniod  in  its  sqwration  from  the  blood;  although  thisactio 
may  be  altogether  suhoi-dinato  to  the  converting  intlueiico  which 
exercise  u[>oii  tJic  blood  itself. 

399.  Bile  is  a  viscid,  somewhat  oily-looking  liquid,  of  a  greeniah-' 
colour,  and   very   bitter  taste,  followed   by  a  Hweetish  after-taste.     It 
readily  niiacible  with  water,  and  its  solution  fitiths  like  one  itt  i 

•  Sw  Hdxloy  in  "yii.iit.  Joiim.  iif  MiirnxK;,  Scieni*,"  tuI.  ii.  p.  83 

+  Pre  Iheerideure  nt  this,  luldiiwfU'j  Dr.  r.  HsiiilfieUJonMi  in  "Phii  TmB*.,"  W 
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The  pniportiou  of  solid  matUrr  wtucL  it  conlaias,  is  usiDilly  ti-om  9  to  12 
jier-cent.;  and  nearly  the  whole  of  this  conaist*  of  aubst-aucKa  j)efuliiir  to 
Bile. — The  followiQg  ai'e  tliti  general  results  of  thu  iiualysus  made  by 
Berzdiua.  of  Humau  Bile,  and  of  that  of  the  Ox : — 

liia.  Oi. 

Watar W-«  02-84 

fiiliuy  matter U'OO  B-OO 

Moi;u9urilieHaU-l>laJJer -30  *23 

S,-1b -41 

CbluriJo  uf  K'KUnm,  aod  extnictLTe  .     .     .      ,     ,  '74  1'50 

Pb(itipliile«  uhI  inliiluUe*  ufsudk  and  lime     .     .         -11  -43 

100-00  100-00 

In  the  Bilinry  imitttr,  uccoiiiLng  to  the  rtsearcbea  of  Strecker  (vi-hii:b  lu-i' 
undoubtedly  tlie  most  uccuiiite  and  satiafactory  that  have  beeu  hithei-to 
made),  tiic  foilowlug  aiitwtancea  may  be  diistinguiahed ; — Two  ix'siiiouw 
acids.  tb<3  GlijcuduAi':  (which  is  the  chulic  of  Strecker  and  many  former 
authors)  and  the  Tminidtolic  (whluh  is  the  duileic  acid  of  Strecker,  and  is 
nearly  the  paine  with  the  bilin  of  other  cheraitita) ;  these  are  formed, 
according  to  Lt-bmauu,  by  the  '  conjugation'  of  Cholio  acid  with  glycine 
(gBlutine-dugiu')  uad  taui-iue  respectively;  luid  they  are  luiited  in  the 
bile  witli  sim\&  as  a  base.  It  is  in  the  faiiiTo-choUc  acid  that  this  sidphur 
of  the  bile  jiresents  itself,  no  less  than  i5  per  cent,  of  that  element  exist- 
ing in  taurine;  so  that  the  proportion  which  thin  acid  hears  to  the  gly- 
cochoUc  (which  difiers  jrreatly  in  diB'erent  animals)  may  be  estimated  by 
the  amotmt  of  «idpbur  Id  the  mixture  of  the  two.  Bttsides  u  variable 
<|iinntity  of  the  ordinary  Fatty  acids.  Bile  also  contains  C/iolai/erin,  a 
uon-saponifiable  crystalline  tatty  aubstance ;  and  olso  a  i>eciiliar /x'l/nwni 
(very  rich  in  carbon,  and  apparently  relateil  to  the  colourtiig-niatttr  of 
the  IJood),  which  forma,  iu  combination  with  lime,  the  insoluble  grauttlar 
tnntter  that  may  be  distinguished  in  bile  by  microscopic  examination. — 
It  is  remarkable  that,  notwith standing  the  comparatively- minute  pnijior- 
tion  iu  which  these  two  last  substances  exist  in  ordinary  bile,  cholcsterin 
should  u;mally  be  the  principal  ingrcdieut  of  the  biliary  concretions 
wtiich  are  frequently  found  in  the  gall-bladder  and  bile-ditcts :  and  that 
Cbe  bile-pigment  with  its  calcareous  base  Hh<juld  also  ocohsionHlly  accu- 
mulate, so  as  to  foini  solid  massea  which  consist  of  little  else.  It  would 
npjwar  from  tliitt,  that  the  |>cctili(ir  i-cainous  acids  of  the  bile  are  Gir  more 
rendily  re-absorbed,  than  are  its  other  ingredients;  and  this  corresponds 
with  the  results  of  ex])ei-imeiit9  upon  the  contents  of  the  alimentary 
canal,  which  show  that,  whilst  the  colour  of  the  faeces  la  chiefly  due  to 
the  presence  of  bile-pigment,  the  conjugated  acids  are  scarcely  to  be 
recognized  in  them. 

■too.  The  quantity  of  Bile  ordinarily  accreted  by  the  liver,  the  cir- 
ramstance^  which  favour  or  retard  its  production,  the  mode  in  which 
it  is  discharged  into  the  iutestiue,  and  the  purjiOHes  which  it  answers 
in  the  Digestive  process,  having  all  been  considered  imcler  a  previous 
hesd  (55  1 10—112),  we  have  now  to  enquire  into  the  conditions  under 
which  the  Seuretiou  takes  place ;  and  one  of  the  most  importmit  of  these, 
u  the  supply  cjf  Blood  which  the  Liver  receives.  How  fiU'  the  blood 
supplied  by  the  Heyiatic  Artery  is  the  immtidiate  source  of  the  secretion, 
cannot  l>c  positively  nscertained ;  there  is  no  doubt,  however,  that  it  intty 
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become  so  indirccitly,  by  tinilin^  its  way  into  the  portal  s}'Pt«tii,  For.  if  | 
tUe  Vena  Porlte  be  tied,  tlio  Hecretioii  of  bilu  atill  i^ontiuut^,  tLoagli  i 
diminiabeil  quantity ;  anJ  seveml  coses  are  on  recoiil,  in  whicli,  thmug 
B  malformation,  the  vena  port«  t«Tnin«te<J  in  the  vena  cava  wil 
ramifying  tbrougb  the  liver,  and  in  wliieL  secretion  of  bile  took  pUw,- 
evidently  from  the  blood  of  the  hepatic  art43ry,  which  appeiirod  Ui  htr 
pHsHoJ  into  tbu  rauiificatLoni!  of  the  uuibilical  vein,  these  Ibmiiug  a  pie 
in  the  lobults,  that  exactly  resembleil  the  ordinary  portal  plexus.* — Wbill 
efft-ct  tlie  iutemiption  of  the  supply  of  blood  by  the  Hepatic  AiUtJ  [ 
would  have  upon  tht^  amount  of  bUe,  has  not  yet  boon  ex]i«niii>-ulall]r'| 
det«nnined ;  but  as  Its  area  is  not  more  than  one-eightb  that  of  thr  I'a 
vein,  ami  as  the  gnatt  iliminution  of  the  secretion  when  the  latter  IB 
shows  that  tV.i  blood  fumiabea  the  chief  port  of  the  materials  of  tlit| 
it  may  he  fairly  conaidercJ  that  the  supply  of  blood  by  tbii  Ha 
Ai-tery  is  by  no  means  esHeutial  to  the  act  of  secretion,  although  it  I 
well  be  to  the  nutrition  of  the  organ.  The  case  of  the  Lungs,  wbieb  i 
supplied  with  arterial  blood  by  the  bronchial  vessels,  aa  well  na  'itJ 
venous  blood  by  the  proper  jiulinonary  trunks,  seems  on  the  wbol*  i 
gous;  tlie  chief  point  of  diffurence  heiug,  thftt  the  bronchial  iwtwiwh«i 
correspoQiling  veins  of  their  own,  inat«id  of  discharjjing  their  bbjcxl ; 
the  pulmonary  oun'ent.— The  fact  that  the  secri'tion  of  Bile  is  tbiu  uw-1 
nially  foi-med,  in  great  part  at  least,  from  veiioua  blooil.  has  beeo  wn-] 
monly  connected  with  the  hydro  carbonaceous  nature  of  its  chief  i 
poneutfi,  which  must  esist  (it  is  considfTcd)  in  lai-gcr  proportion  in  auckl 
blood  than  in  that  of  the  arteries.  But  it  must  be  l>orDe  in  mlnil, ' 
the  ui-inary  excretion,  which  is  undoubtedly  formed  at  the  expeoso  eft 
pi'oducts  of  the  diaiutegration  of  the  tiasuea,  is  secreted  from 
blood;  and  since  the  bile  la,  as  it  were,  the  cmnpUment  of  the  urine  (iJ 
ultimate  components  of  the  two  together  making-up  the  oomp<'(iiti"n  < 
blooJt),  there  seems  no  reason  why  arterial  blood  should  not  fnniisb  iU 
materials,  as  abundantly  (or  nearly  so)  as  venoua.  The  real  ex])la 
of  the  peculiar  relation  of  the  Liver  to  the  Veno'ia  circulation,  it  pn>l«b 
to  lie  found  in  the  actiou  of  the  organ  upon  the  matters  newly-nln 
into  the  circulation  from  the  alimentary  canal.     That  this  action  bi 


*  Such,  nt  leiuil,  wu  fonod  to  be  the  case,  in  the  onlj  inatanee  in  wbich  tke  Umi 
examiiieJ  wiUi  auflioient  i^re-     See  KierOAD,  loc.  cit. 

+  It  Laa  been  p<>iat4:d-oiit  bj  Frof.  Licbig,  that  ifve  add  t'>  luhlf  Ibe  formnU  i 
itig  tbe  ultiiuBto  composition  of  bilt,  the  formula  of  unife  nf  nmmoiHa  iihirii  ii 
(hani(-tflritilic  romp>'neut  of  the  urine  of  all  uninuiln  laTe  Uammnlial,  ibt  sum  ^im  < 
proportioDnlfl  of  llie  nltimAl«  mmponuntti  of  ilried  blood  or  oS  JUA,  Titb  UwaddUiff  I 
1  e^juiv.  of  oKjifLu  and  1  vqoiv.  of  water.      For  ; — 

4  EquiT.  of  BilinrjiuflWet  =  38C,  335,    N,  110 
1  Equif.  of  Urate  of  Ammonia^  IOC,    7H,  BN,    60 


Tha  Sum  ot*liicIj  =  *8C,  40H,  fiK,  170 
And  ia  tike  manner 

Fonuula  of  Blood  =  18C,  S9H,  UN.  160 
1  BqolT.  ofWater  +  l  Kquiv.  of  Oxygen^  U,  20 


4BC,  JOEf,  8N,  170 

A-lthongh  these  fomnls  can  b;  no  means  he  snpponed  to  represent  the  prtxwM  i 
avtusllj  lakeA  plni-e,  jet  tlie  coincidence  is  eo  close,  u  !<>  indimte  that  tfae  rump 
relation  spoken -ijfabovt?  has  a  ri^l  ensttince- 
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only  awiiiiiilativti,  as  already  abawii  (§  1 32),  but  is  also  to  a  oertaiB  oxtont 
depiirative,  ap|iwirs  from  the  fact  that  tlie  liver  teuds  to  remove  from  tlie 
blood,  and  to  stiii'e-u|i  iu  its  own  subatftnce,  cortain  foreign  matWrfl  of  an 
injiirioiia  kind, — suoh  as  copper  and  arsenic, — wliieh  have  found  tbeir 
■way  iiito  tho  tributarii.'s  of  tii«  portal  syHteiii.  Tliis  aeeniB  also  to  be  the 
case  with  resjwcb  to  pus,  wliioh,  when  taken-up  from  ulcers  in  the 
intestinal  walla,  is  Btop])eil  in  tlie  liver,  and  not  unfrequently  gives  rise 
to  absceases  in  its  aubstiuice." 

4U 1,  ilow  far  the  constitueuts  of  the  Bile  are  preformed  ui  tlte  S/jwil, 
or  to  what  extent  they  are  elahorated  by  Oie  Liner,  is  not  yet  certainly 
determined.  It  might  be  expected,  that  if,  like  the  com[H3nents  of  the 
urinary  secretion,  they  pre-exist  in  the  circulating  current,  and  are 
merely  eliminated  fi^>m  it  by  the  agency  of  the  Liver,  they  woidd  accii- 
mulatij  in  it  when  that  elimination  is  checked  by  the  removal  of  tho 
setn'tini;  orgau ;  yet  MUller,  Kunde,  Lehmann,  and  Moleaohott  have 
earefidly  examined  tho  blood  of  frogs  thus  treated,  withoiit  finding  any 
traces  citlier  of  the  [)eculiar  resinous  acids,  or  of  tho  colouring-matters  of 
hile.t — Even  though  the  materials  of  tho  biliary  secretion,  however, 
should  receive  their  complete  and  cliaracturistic  form  in  the  liver  itself, 
it  ia  not  less  certain  tijat  they  are  jirodneed  at  the  expense  of  suliatancea 
of  ail  oxcrementitious  ehuj-aeter,  whose  retention  in  the  circidating  current 
would  1m>  injurious;  this  lieiagstiTkingly  dcmoiistrated  hy  the  disturbance 
of  the  ftinclions  generally,  and  especially  of  those  of  the  Nervous  system, 
which  is  consequent  upon  the  aiispension  of  the  secreting  process.  When 
the  Biippreasion  is  complete,  the  powers  of  that  systeni  ai'e  speedily 
lowered  (almost  as  by  a  narcotic  poison),  the  jmtient  suddenly  becomes 
jaundice)],  and  death  rapidly  supervenes,  J  Wlicn  the  secretion  is 
dimini.ihetl,  but  not  suspended,  the  same  symptoms  preHcnt  themaelves  iu 
n  less  aggravated  form.  It  is  probable  that  much  of  the  disorder  in  the 
functions  of  the  bi-ain,  wluoh  bo  constantly  accompanies  deranged  action 
of  the  digestive  system,  is  due  to  the  Ii>sm  severe  operation  of  the  same 
cause ;  namely,  the  partial  [■etention  within  the  blood,  of  certain  con- 
stituents of  the  bile,  wluch  should  have  been  eliminated  from  tho 
circulating  fluid  Such  an  abnormal  accumulation,  which  may  depend 
citlier  on  a  deficiency  in  the  functional  activity  of  the  liver,  or  on  an  excess 
of  the  ejtcrertientitious  matters  brought  to  it  for  elimination,  is  habitual 

*  Sue  br.  (t.  Builii'a  "Trantiec  on  DisooEeB  of  the  Livvr,"  2acl  edit.,  Cliap.ii.,  uct  1. 

+  Ss«  the  BBdond  eilition  nf  Prnf.  Lehmnnn'a  "  Plijaiologiftfhen  tJhpmio,"  baud  ii. 
V\\.  T5,  76. ^Il  has  been  alrtnily  sWted,  huwever,  thai  Enderliu  iiflinQs  •iniYu:  arid  to  he  a 
ounnn]  ingr^iipnt  ftf  the  bloixi  (£  172  itut^);  su  that  thu  [uatttr  laiipt  he  regarded  ofl  etiU 
aiutctcnuintKl. 

J  Se«  Prof.  Alieon  in  "Edinb.  Meil.  andSnrg.  Jonni.,"Yol.  iIit;  hdJ  Dr.  Bndd,  Op.Cit., 
Chap.  iii. — Pram  the  evidcn>«  ixiUectud  hj  I>r.  Build,  lie  ia  led  tu  thiuk  it  jirubahle  that 
the  DflrebfoJ  jtjmptoina  ai'e  Dot  due  t'l  the  f^im|jle  rptcatiuti  uf  thv  oiatt^ri^lfl  vi  Bile ;  hat 
depend  npea  9uine  metatnorphoBifl  which  these  uiidergo  whiJ»t  cireuUtiug  with  tlie  blood, 
wherebja  more  noiioaii  pi)iauri  U  gcperal'^d.  For  the  geoeral  ajniptomsof  siippre=si:;ii  of  the 
KrrelioD  may  have  ehawa  themavlvi^a  fur  ^lae  time,  hefure  Any  fleriuu^  dULitr^njiei!  occnis 
ID  the  mrebral  fuiietiDna;  aod  this  may  snpcrveoe  very  laddeiily,  ami  lie  fatal  in  a  fen  hnnre 
(p.  ^33)-  The  atiali>gy  uf  UmiuJa  (^  40EI)  seemn  to  aff^inl  aumt^  CttaHrQiatinD  tu  thiri  v\i-^  ; 
Mitit  niTut  he  borne  ld  luiad  ana^>r>sslideeEplaaatJonof  the  pheDorueDa,  and  iine  whiph  has 
e(i<l«ncaiu  iufaiour.  tlinltheb-idiieyB.  by  >  vicariaiu  action,  reuinv«  the  nii«t  p'li^bnoug  of 
the  rstained  biliar?  mutters;  and  that  itisonlf  when  'Afyi'anuu  luuger  effect  ciiiis,  that  the 
reialt^of  lh«»«i-iimiilnliuiiuftheacranttcnibegiptoiho»thBiiuiBlvBJ  in  the  perreraon  of  the 
fgoution*  of  the  nerrons  ceatren. 
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ill  aoiiic  iHsrsoua;  and  it  produces  n  degvee  i>f  iiidiKpoaiUon  lo  Iwidilj  of 
mental  eicrtiori,  wliicli  it  is  dill'icult  to  counteract.  More,  jirotnlily,  ist« 
lie  gained  in  such  easea  by  the  regiJution  tif  tlie  Jiety  i-siiefiallj  th* 
reduction  of  its  hydro-airbonnceous  componente,  aud  by  ftctive  e»prri»* 
(which,  by  iiiigmentinR  the  resiiiiBtioii,  will  promote  tiie  etiminntinn 
of  any  supei-fluity  of  tliia  kind  through  the  lungs),  than  l>y  contiuiull; 
inciting  the  liver  to  increased  fimctiounJ  acli\-ity,  by  metiiciiies  which 
have  H  specijil  jwwer  of  temporarily  augmenting  its  ener^.— Thu  pxtrp- 
mentitioiis  cIuirAeter  of  the  Biliary  seoretion  is  very  strilangly  iudimlni 
by  its  formation  during  foetal  life  ;*  which,  as  it  can  then  hjive  r»-fi-reiii» 
neither  to  the  function  of  Digestion  nor  to  that  of  R^spirAtioii,  luiurt  " 
regarded  na  having  for  its  pui-pose  to  free  the  blood  of  matter  whidi 
would  be  injuiious  to  it.  And  this  matter  can  hardly  ariai'  fn'iii  nay 
other  source,  than  the  ■  waste'  of  thetirisues  (coiiBe<|uent  upon  the  lijciiW 
duration  of  their  eniatcnce),  which  taken  place  even  when  the  life  of  Ihn 
organism  ia  moi.-l  purely  vegetative,  'f  be  re-nitmrption  of  Bile  into  Ik 
blood,  as  SQeD  in  ordinary  ca.ses  of  jaiuidice  dependent  upon  thci  nhctiw- 
tion  of  the  bdiary  ducts,  does  not  act  on  the  genemJ  system  in  a  nuumv 
nearly  ao  injtiriouB,  as  the  rHentitm  of  the  matters  at  the  expense  of  wliicA 
it  isformetl  has  been  shown  to  do;t  in  tact,  much  of  thcdiattirhano-  wbidb 
then  ensues,  may  he  attributed  to  the  disorder  of  the  digistivr-  fimettoR, 
which  is  consequent  upon  the  stoppage  of  the  flow  of  \A\v  into  llx 
intestinal  canal  (§§  111.  112).  And  when  it  is  further  rcmembrmi, tlwl 
the  greater  part  of  the  bile  which  passes  into  the  inteatinal  cruiJ  i* 
ordinarily  deatinwl  for  re-absorption  (§  117).  it  seems  fair  to  coaclinkt 
that  the  matters  which  accumulate  in  tlje  hloo<l  wlien  the  eecntinf 
action  of  the  livei'  is  susjiended,  are  not  in  the  same  condition  with  tliMI 
whicli  aiv  received-back  into  it  after  being  submitted  to  that  action ;  ind 
that  the  liver,  therefore,  not  merely  separates  them,  but  exerciser  &  oerUii 
trans/wtiung  agency  upon  them. 

402.  Fivim  what  components  of  tlie  Blood  the  materials  of  the  hiliilj 
secretion  arc  inimediatuly  derived,  is  u  question  that  cajinot  jel  b» 
answered  with  more  oei-tainty  than  the  preceding.  The  close  ntm- 
blance  in  com[)0»itioii,  between  tho  resinous  acids  of  bile,  and  iho  ortf- 
nary  fata  (especially  oloiu),  naturally  suggests  the  idea  that  ihcy 
drawn  from  the  fatty  matters  of  the  blo(»l ;  but  to  this  notion  there 
many  serious  objections,  both  physiological  and  cheinieal.  One  of 
most  important  of  these  ia  the  fiict  ascertained  by  MM,  Bidder 
Schmidt,  that  the  flow  of  bile  ia  not  increased  by  a  predominauoe  I'f 
in  the  food,  and  that  animals  fed  exclusively  on  fat  do  not  secret*  moit 
bile  tluvn  those  entirely  deprived  of  food:  whilst  it  has  lieen  found  '7 

*  It  hu  heen  RfaoTn  h;  Simon  lUiil  Frcricha,  that  the  <nectiiii«n  whicJi  it  nataiMd  h 
the  inteHtinul  r&nal  ^i  birth,  ia  chiefly  composed  of  ACCuiDuliiU>d  bilc- 

+  Dr.  Budil  uieutioua  twTenil  lumes  (Oji.  ciL  pp.  20U  227),  in  which  Ibe  piUBigv  ot  tih 
into  the  iiilenLiui'e  wm  cntin;)}'  iiriivuuteiJ  by  the  cooiplote  ctiMUie  uf  tbeiliictoBcoitiiniuui. 
and  in  which,  utTertheEefiH.  life  wtis  prolonged  for  niauj  nitrnths;  iu  oDe  uf  iJiem,  Uu 
jaundice  £r?t  occurred  in  a  womnn  four  months  pregnant,  vLn  ueverthelefi«  bort  k  h*LiL| 
child  at  the  fu[l  period,  and  ruckled  it  up  to  the  time  of  her  death,  which  h&piwjvij  via 
thechild  waa  three  months  oM.  — In  nil  theescaseB,  death  seemad  to  result  tAaa  gaiitl 
exliau^Uou,  consequent  uimn  the  imperfect  asaimilutiou  of  food,  nther  thiuifruto  tmluiic 
agency ;  aad  tliia  even  when  the  liver  was  in  suoli  a  atata  of  diattganiiuti.m,  that  it*  (»«- 
tiuDal  Bctivitj  must  have  hceu  smtjiendiid  for  xunie  time  before  death. 
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Naase,  that  ihe  jiruHeiice  of  a  large  Jtnmuiit  of  prottiiii-compoiiuda  in  the 
food  occnsioiiB  h  p-eat  augiiientntion  in  tfiis  secretinn.*  Tlie  iunreaae  of 
the  secretion  iiftor  finch  onUiifirv  ingestion  of  food  (§  113),  and  its 
marked  and  in-ogressive  diminution  in  uuiinftlM  entirely  deprived  of 
ftUiDcnt  (fts  ilet^^rmiueii  by  MM.  Bidder  and  Scliniidt),  seem  to  indicate 
that  its  (ujiteriala  may  be  directly  derivefl  in  part  from  jiruteluiiceoiiit 
muteriala  which  do  not  undergo  motamoiiihosis  int<j  tissue;  whilst  on 
the  other  hand,  then!  is  every  rwi«on  to  believe,  that  the  [TOiluction  of 
the  components  of  bile  is  a  necessary  [mrt  of  those  processes  <it'  rotrogi'ade 
metamoi-phosis,  by  wliich  tlio  materials  of  the  clfeti'  tiaaues  lU'e  removed 
from  the  system. — But  it  is  not  the  formation  of  bile.  aJone,  that  is 
effected  liy  tlie  Liver  at  the  expetwo  of  these  substances ;  for  the  oxpe- 
rimeiita  of  JL  CL  Bernardt  liave  clearly  proveil,  that  the  peculiar  sugar 
which  is  found  in  the  blood  of  the  hepatic  vein,  and  which  may  be 
extracted  aliw  from  the  eiibstanoe  of  the  liver  itself,  may  In.-  generated  at 
the  expense  of  prDtGin-<«mpoua(Ui  and  the  same  is  probably  the  caae 
witli  the  Mver-fiU,  the  production  of  which  seems  to  be  in  great  degree 
Ticarious  witli  that  of  sugar.  Now  these  3ubi<tance«  are  not  leas  truly 
products  of  secTflion,  than  is  the  bUe  itaelf ;  although  they  are  carried.off 
by  the  blood  of  the  liojiatic  vein,  and  are  directly  eliminated  by  the 
limga,  instead  of  being  withiirawn  from  the  current  of  the  circulation, 
and  discharged  through  the  biliary  ducts  into  the  alimentary  canal. — 
Taking  all  these  con.'ii derations  intii  account,  we  seem  entitled  to  con- 
clude, that  besides  its  opei'ation  as  an  Assimilating  organ,  whereby  it 
hel[i3  to  prei^are  liistogenetic  materials  for  convernion  into  hlooil  aiid  solid 
tissue,  the  Liver  exerts  its  Secretive  action,  in  separating  the  hydrocar- 
bonaceoua  portion  of  the  protein-compounds  wliich  are  destinetl  to  imdargo 
retrograde  nieUunoi'phosia,  as  Iteing  either  siiperfltimuf  or  effdi^;  and  this 
andcr  the  three  forms  of  Sugar,  Fat,  and  Bile.  The  two  former,  if  not 
at  onoe  removed  by  the  blood-curront,  remain  storod-up  in  the  liver 
itaelf^  as  a  pabulum  for  respiration;  the  Utter,  lieiug  of  use  in  the  diges- 
tive operation,  is  first  poured  into  the  alimentary  canal,  from  which, 
however,  the  greater  jmrt  is  sulisoiiuently  rcabsorliod,  its  components 
being  oxidate  and  then  eliminated  thrcngh  other  channels,  the  Hydro- 
Carliou  as  water  and  carbonic  acid  through  the  Lungs,  the  Sulphiu-  us 
Eulphuiic  acid  through  the  Kidneys. 

403.  Not  oidy  ju  thus  helping  to  decompose  the  protein -com  pounds. 
and  to  clJmiiiate  from  them  the  appropriate  materials  for  the  conibustive 
process  (so  that  the  immediate  jmlndv>m  of  that  procc*tfl  is  tlie  same  in 
Carnivorous,  as  in  Herbivorous  animals),  is  the  Liver  subservient  to  the 
Respiratory  fiinction.  For  it  converts  all  forms  nf  coccAnW/if  matter 
derived  from  the  food  into  '  liver-sugar,'  the  form  which  is  most 
favourable  l*>  oxidation  ;  imd  it  exercises  a  similar  transforming  power 
npon  /aUif  matter,  generating  the  jieculiar  '  liver-fat,'  from  other  oleagi- 
nous or  from  saccharine  substances  supplied  by  the  HhkI.  It  is  not,  then, 
■o  much  l)y  the  sepamtion  of  bile  (as  formerly  projtoundcd  by  Prof. 
Liebig),  as  by  the  clmnge  which  it  effects  in  the  circulating  bloiKl,  that 
the  Liver  prejiaren  the  materials  adapted  for  the  sustenance  of  the  com- 
bustive  ojwration.     For  it  is  quite  certain,  that  if  the  whole  of  the  nolid 

■  Sw  Pnif.  Lehmnnn'?  •'  Phjsiologischeii  ClieiaiB,"  2ikI  cdik,  hand  u.,  pp.  M-86. 
t  "  NnuTdln  Ponetioo  du  Foie,"  (18fi3).  fhiip.  ii. 
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IhIult;   matter   poured    inttj    tVic    intestine   were   re-ftb*>nrh»l,   it  mbK 
fiinuili   tint  a  sniall  (iroportion   (piitliablj'  not  more  tliftti  oiii>tVfrlflli)  oT 
the  total  nmouDt  of  Lyilrocarbnn  wliicli  is  eliminated  by  tlii?  hiiig»:  ted 
the  preparatioa  of  tlie  livur-eugar  and  livei--fiit  in  the  bltwd  iUcl(  1*  ! 
evideutly   the   fur  tnoie   iiDportiuit   part  of  the  ofBce  of  the  Liw,  tt] 
regards  the  Respiratory  function. 

3.  lite  Kidneya. — Seerttiim  of  CriiM. 

404,  The  Kidnej/s  cannot  be  regarded  as  inferior  in  importance  W  UmI 
lAvor,  when  eonaiilered  merely  as  Eicreting  organs:  hut  tlicir  fiitirtionl 
only  consists  in  separating  froKi  the  blood  eertain  effete  siilistjinci*  wfurhl 
are  to  be  throwu-i>ff  from  it,  and  has  no  direct  connection  with  any  i 
the  nutritive  operations  concerned  in  the  introduction  of  aliment  ititii  tli*l 
system.  Tlie  following  are  the  points  in  the  minute  stnieliire  of  \ 
organs,  which  are  of  moat  im{Wi-tance  in  their  Physiologioul  relntjoiii' 
Their  glandular  and  vascular  elenieats  ore  imbedded  in  ii  gtromn  Mn-1 
posed  of  interlacing  fibres  (Fig,  G8,  d  d);  this  ia  more  ahniukint  in  ftel 

Fro.  as. 


.'/  •■' 


SwIioritrflbpCVtrfurrf  AibffaHH  ot  tike  Sitmam  Sidmt^  : — tk,  t&boli  uruii&h  di>iilnl  tnBt- 
v^iwl^,  Hhowio^  the  »pheroiiU]  ^pitiiolnun  iu  iUfit  ia1«nor;  t,  tfajpighw  C«f«iil«;  ih^ 
of&rent  brajich  tif  Ihp  renal  aHery;   ti,  ilfl  |>loiD«ruhlB  of  cttpilWiF*;   e  p,  taui'Wilc  plu^ 

mednllary,  than  in  the  cortical  subetance;  but  at  the  aar&ee  of  the 
gland  it  is  condensed  into  a  continuous  membrane,  which  is  loosely  oon- ' 
necte<l  with  the  proper  capsule.  The  distinction  between  the  corttai/tutd 
the  ■mediiUiiry  part  of  the  Kidney  essentially  consists  in  this, — thai  tlw  I 
former  is  bj-  tiir  the  moat  vascular,  and  the  plexus  formed  by  the  tabaU  j 
nriiiiferi  seems  to  come  into  tho  closest  relation  with  that  of  the  siuigiu-1 
ferous  capillaries,  so  that   it  ia  probably  the  se«t  of  the  greater  pari' 
of  the  process  of  secretion ;  whilst  the  latter  is  principally  tonip>W 
of  tubes,  panning  iu  a  straight  line  from  the  former  towards  their  point 

•  See  eapscially  Mr.  .Bonuuui'a  Memoir  in  tlie  "  Philowplucal  Traii««rUon«,"  IMlil 
also  ncidair  in    "  KJinli.   Montbly  Joiirnnl,"   1342;  (lerlncb,   Bidder,  and  Knllilft,  i»] 
"Miiller's  ArihiT.,"  1945;  Tujriti'B  in  "Mfd.-Chir,  Trnut.,"  1840;  .lohnBon  in  "CjcJiH 
of  A.QAt,   Bud  PLjfl.,"  art.    'Ken.';  GftirdiH't  m   "EJiob-    MootJily   J<VDni«l."    Ifii:  ■ 
Fl■cri^:ll^  "  Die  Brlahl'eclie  Niereuknuiltla'it  und  dtreD  Bchandlung,"  18BJ ;  and  W- 
likor,  "Mikroakopiiiolio  Analomio,"  and  "Man,  of  Uuiu.  HUtol."  (Sjdoi.  Soc.} 
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of  entrance  into  the  ureter.  The  tuhiili  urinifori,  in  pflseing  outwanls 
from  the  calicej,  iiiereaae  in  nnmlier  l>y  <!iyarication  to  a  considerable 
eittnt,  «8  shown  in  Fig.  Tl,  but  their  diameter  i-emnins  the  sanic. 
When  they  arrive  in  the  cortical  substance,  their  previoualy-straiglit 
direction  is  de|i(irted-froni,  and  they  become  much  convoluted.  The 
closeneua  of  the  tcxtnre  formed  by  their  intcrluccnient  with  the  hlooil- 
Tcaiels,  renders  it  difficult  to  obtain  li  clear  view  of  their  mode  of  teniii- 
nation ;  but  they  seem  to  inosculate  with  each  other,  so  as  to  form  a 
[.'lexua,  with  free  extremities  here  and  there  {Fig.  71);  the  number  of 
such  free  extremities,  however,  does  not  apjiear  to  he  nearly  ei]ual  to 
that  of  the  uriniferoua  tubest  themselves."  Tlie  tubuli  are  lined  witii 
an  epithelium,  the  character  of  which  varies  in  different  parts  of  their 
couine.  In  the  tubes  of  the  cortical  substance,  tJie  cells  are  spLeruidiil 
in  their  form,  and  project  considerably  fixim  the  bH«etnent  membrane 
on  which  they  lie,  do  as  to  oeeupy  a  considerji>ile  part  of  the  area 
(Fig.  68,  A  a),  aa  is  the  case  with  those  of  glandular  foUiclea  generally. 
In  the  straight  tubes  of  the  medullary  snlistancc,  on  the  other  hand,  the 

Pi8.  69." 


Fio.  70.  t 


*  PorlinDfrrTlip  Jii^ff/*  nranPH-h'iniillfniil  : — A,  Duturat  lilP ;  if.  i,  Cirpnn  MalpichutiB, 
b  diBpswed  miinlB  in  ihp  I'orliL-sJ  pabnlftDpr;  fi.  ptiptUn, — D,  JL  protUer  pari  nugnifltd;  a,  a, 
Oftrpun  Ukl^iif^biAna^  A.  luUuli  unnifpri. 

f  ToHion  ot oae  ^  Ihi- fj*t>il'  ^ria^/rri,  fnta  the  HtfdulUrr  tnbatuuH  ot  tbs  Iddaej  df  u 
■JuJr  -,  allnaiDK  "'  IHSi'lulFd  r[jilhl'liuin. 

cells  are  Battened  and  jiolygonal,  corresponding  to  the  general  type  of 
pavementr^pithelium  (Fig.  70);  and  they  project  ho  little  from  the  walla 
of  the  tiilie,  as  to  oecaaion  but  little  diMiinution  in  its  area.  Each  cell 
contains  a  nncleua;  and  in  its  interior  there  is  ordinarily  to  be  seen  a 
little  finely-granidar  matter,  with  a  few  iiiiniite  fat-globules  clustered 
round  the  nucleus;  the  cell-widi  is  reniarkiiblo  for  it«  delicacy,  and  is 

•  In  Mr.  BoWMiui'it  opiniun.  nil  tlie  free  eitremitiBa  of  the  tnbnli  nrinirtri  iiiplucie 
Cnrpin*  Maliiighuinn :  imd  Iho  nppcanuiDO  of  iiKuil  tpnnuiaUnnn,  aui-b  n,i  tbiwo  rejireBunWd 
St  u  uid  e,  ?ii.  71,  he  rc^^rda  u  m  optical  Utuaiun,  cnnwd  by  n  clmuee  iu  the  direction 
o(  Uiai  tnliuli,  whioh  oocaffluoa  them  to  dip-nwaj  middenly  Irani  tho  obeeivar. 
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rem&iii  iu  llie  inlerior  of  the  tiiliiilefi.  Scottfrpil  through  the  ple:tus 
fomieil  by  tlie  Mood- vessel 9  and  iirinifeiwis  tiil>e*i,  n  nimiber  of  little 
dark  poiuts  limy  Iw  seen  with  the  niiked  vye,  to  which  the  designation 
of  Corjiora  Slalpighiana  Iiiih  been  giv^'n,  after  the  iiamo  of  their  diit- 
covei-er.  Each  one  of  theae,  when  examined  with  n  high  nuigniiying 
power,  is  found  to  conBiat  of  a  con- 
voluted nuiaa  of  minut«  hhxxl-vessela 
(Fig,  71, !/);  and  this  is  included  in 
B  flit&k-likc  (tllatatiuii  of  one  of  the 
tubuli  uriiiiferi  (Figs.  68,  a,  72,  c,  </). 
According  to  Mr.  Bowman,  this 
dilatation  [iroceeds  only  from  the 
termiiiAtiou  of  the  tubulus :  aQ<l 
this  seems  to  lie  uetiaUy  the  case, 
although  it  appears  not  improbable 
that  it  may  sometimes  he  a  lateral 
ill  vert  iculum,  as  described  by  Ger- 
lach  (loc.  Pit. ).  The  epithel  iuni, 
which  elsewhere  linos  the  tul)e, 
is  altered  in  appearance  where  the 
tube  16  continuous  with  this  dLpsulai- 
dilatation  (Fig.  72,  fc") ;  being  there 
more  trauaiKuent, and  fumishi^d  with 
cilia  (na  shown  at  //'),  which,  in  the 
Fmig  anil  other  Rej)tiles,  may  be  seen 
for  many  hoiu-a  after  death,  in  very 
active  motion,  directing  a  current 
down  the  tube.  Further  within  the 
capeule,  this  epithelinni  bcconiee 
exoesaiyely  dolicati:,  and  sometimes 
disappears  altogether.  The  atirface 
of  the  Malpighiaii  tuit  is  often  seen 
to  be  studded  with  nuclear  pur- 
ticlea,  which  suggest  the  idea  that  it  is  covered  by  an  epithelinJ  layer; 
and  hence  Gerlach,  followed  by  othei'  anatomisia,  lina  maintained  that 
the  flask-ahapi;d  dilatation  of  tin;  tuliulua  ui-inifenis  is  not  periiirated  by 
the  blood-vessels  which  form  the  Maljiighian  tuft,  but  is  reHected  over 
them.  It  appears  probable,  however,  that  these  nuclear  particles  really 
belong  to  the  walls  of  the  tl-bkcIs;  and  the  moat  careful  examination  has 
failed  to  detect  any  such  reflexion.  On  this  a«  on  all  oiher  points  of 
importance,  therefore,  Mr.  Bowman's  original  description  proTes  to  be 
unassailable.  * 

4(15.  Tlie  CireuJation  of  Blood  through  the  Kidney  presents  a,  very 
remarkable  peculiarity.  The  aupply  is  derived  in  Man  (as  in  other  Mam- 
malia) direct  from  the  arterud  system ;  though  in  Fishes  luid  Eeptiles 
the  urinary  apparatus  is  connected,  as  weU  as  the  biliary,  with  the  portal 
renoug  system,  aud  even  in  Birds  a  portion  of  its  blood  is  deriveil  fi-om 


Urinifrroiif  Tubfl,  Ui^iii;hiAU  Tuft,  ■nd  Cup- 

luW;  /i,  ,-|)it}n.'[ium  i>f  (Jie  fuller  //,  riliftTvi]  fpU 
rtac'liuin  nt  thf  Drv^li  of  Mto  f^pAul?;  f/*  delafhM 
?pilhi'Uunk-H:Aio  ;  '',  ItMf^m^nl'inniibnnpuf  liibv; 


•  The  (1  priori  imprnhnliilitj  thiil  the  lanemeiit-niembnine  of  n  gloniiulnr  tuhulo  or  fol- 
licle (kaold  b«  IboB  penFt.rsteil  hy  blnud-TesBclH,  hoe  tv«n  entirely  rcnavmi  Ly  Ibu  iliBOUTer; 
that  cadi  pcnHrntibD  <1iii:i>  UAv  pbice  in  otbur  anee,  la  tlie  Peyennn  glumlulic  (^  133)  nail 
tb«  Oorpon  lUlpighiuia  of  (he  Spleeo  (§  142  n). 
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the  latter.  But  although  this  origan  is  snpplied  (rum  the  Beut) , 
yet  it  is  not  to  its  proper  secretory  aj>par8t.us  that  the  Uoo)  i 
Brt«ry  b  distril.iuted  iii  the  first  inattmce;  for,  on  entering  the  kiiln 
Teosel  spoedilp  aii<l  eotirely  divides  itself  into  minute  twigs,  whirii  1 
q/firf/ti  ^'cssele  of  the  Malpighian  tufts  (Figa  68.  a,  73. «/").  Aitcr  it  I 
pierced  the  capsuJc,  each  twig  dilates ;  and  suddenly  dividoe  ux)  tab 
divides  itself  into  several  minate  branches,  tenuin&tiDg  in  ciiDTolab 
cttpillaries,  which  ore  collected  in  ibn  fum  ■ 
a  ball  (Figs.  68,6.  73.n)  m);  and  from  tWi 
tenor  of  the  ball,  the  solitary  efirrft ' 
ej",  arises,  which  pRsaes  out  of  the 
the  side  of  the  single  afferent  ve^cL  ' 
seeema  to  lie  loose  jind  bare  in  the  capeiili 
attached  to  it  only  by  its  afferent  and  i 
Tesaela  {Fig.  68.  h).  The  ^t^rftU 
leaving  Uie  Mnlpigldan  bodies,  u-pnratelv  i 
the  plexus  of  cap  iUiiries,  (Figs.  08,^,  ~'i,p]i 
rounding  the  tubidi  uriniferi  {»/).  anil  uiji] 
that  plexus  with  blood;  from  thispli-xiut 
renal  vein  ariwa.— Thus  there  is  u  tt 
anology  between  the  mode  in  which  the  tub 
iiriuil'eri  ai-e  supplied  with  blood,  for  ilio  | 
poseof  elaborating  their  secretion, and  the] 
on  which  the  hepatic  circulation  is  cnrrini-i 
brmcbof  For  as  the  secretion  of  the  Liver  «  (or 
from  blood  conveyed  to  it  by  one  Ur^  ' 
itMcliIp.iMi-iitarpii'itia'nuTouiirl-   the  portal  Vein,  which bss  collccted  it  from) 
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and  which  subdivides  agwn  to  distriboto 
through  the  liver,  bo  the  secretion  of  the  Kidney  is  elaborated  ftiiiu  liii 
which  has  already  passed  through  one  set  of  capillary  vessels,  thoa- oft 
Malpighiiin  tufts;  this  blood  is  collected  and  conveyed  to  the 
Bferetiiifj  siiriiicc,  however,   not  by  one  lal^o   trunk  (which  would 
been  a  very  inconvenient  iirrangenipiit).  but  by  a  multitude  of  small  ( 
the  effereiil  vesseb  of  the  Malpighian  bodies,  which  may  be  rt.'ganlcd  i 
collectively  representing  the  portal  vein,  since  they  convey  the  bh 
from  the  systemic  to  the  secreting  capillaries.      Hence  the  Kidney  mnl 
be  said  to  have  a.  portal  system  within   itsclt— This  ingenious  vicwi 
Mr.  Bowman's  finib  support  from  the  fact,  that  in  Reptiles  the  i 
vessels  of  the  MaJpighian  bodies  (which  receive  their  blood,  as  etsi-wl 
irom  the  renal  artery)  unite  with  the  renal  branches  of  the  Vena  Port*.  I 
form  the  secreting  plexus  around  the  tubuli  uriniferi.      Here,  therrforn' 
the  blood  of  the  secreting  plexus  has  a  double  source,  the  vessi.'U  wliki 
supply  it  receiving  their  blood  in  ]iart  fi-om  the  cajiiUaries  of  the  "tp"! 
itself,  and  in  part  from  those  of  viscera  external  to  it;  just  an.  in  lk»l 
Liver,  the  secreting  plexus  is  sujiplied  in  part  by  the  nutritive  capilbutal 
of  the  organ  itself,  which  receive  their  blood  from  the  hepatic  artery,  o'l 
in  [Hirt  by  the  blood  conveyed  from  the  cbylopoietic  viscera  throu^tbl 
vena  jiortte. 

406.  These  admirable  researches  of  Jlr.  Bowman  on  the  stractnnof  | 
the  Malpighian  bodies,  and  on  the  vascular  apparatus  of  the  Kitbu^i 
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have  tlirown  great  light  upon  the  iwode  in  which  the  Urinary  sewetion 
JM  elaborati^d.     One  of  the  most  rf  markftble  circumstances  iitteu'iing  this 
excretion,  in  the  MauiiuuUn  particularly,  is  the  lurge  hut  varial.ilf  (|uaiitity 
of  toaler.  which  iii  thus  got-rid-of, — the  amount  of  which  biiire  no  con- 
stant proportion  to  that  of  the  aolid  matter  (lisaolvwl  in  it.    The  Kidneys, 
in  fact,  sc-cm  to  form  a  kind  of  reguliiting  vtilve,  by  wliich  the  quantity 
of  water   in   the  syntiim   ia  kept  tii  itd  ]ii-0|it'r  ftuiount.      The  amount  of 
exhalation  from  the  Skin,  which,  with  that  from  the  Lungs,  is  the  other 
principal  means  of  remoTing  superlluona  liquid  fi'oin  the  blood,  is  liable 
to  be  greatly  affected  by  the  temperature  and  degrcf  of  humidity  of  the 
dir  around  (§  i'H) :  hence,  if  there  were  not  some  other  mcaua  of  adjnMt- 
ing  tlie  quantity  of  fluid  in  the  blood-vesaela,  it  would  be  subject  to  con- 
tinual and  very  injurious  variation.   This  important  fimction  is  performed 
by  the  Kidneys;  which  hUow  such  a  quantity  of  water  to  [laas  into  the 
urinary  tubes,  as  may  keep  the  jiresmire  within   the  Teasels  at  a  nearly 
uniform  atimdard.     The  quantity  of  water  wliich  is  [lassed-otf  by  the 
Kidneys,  thei-efore,  will  dei«nd  in  [vart  upon  that  exhaled  by  the  Skin ; 
being  greatest  when  thia  ia  leant,  and  vice  eersd:  but  the  quantity  of 
solid  raattei"  to  be  couvBycd^lWay  in  the  secretion,  has  little  to  do  with 
thia;  being  dependent  ui«in  the  amount  of  ifimte  in  the  ayatem,  and  upon 
the  quantity  of  surplus  azotized  aliment  which  has  to  be  dischargeil 
tlirough  thia  chauuel. — The  Kiiluey  coiitaius  two  vei'y  distinct  provisions 
for  theat'  pur]K)se8.      The   cells   lining  the   tubuli   uriniteri  are  probably 
here,  us  elsewhere,  the  inalrumentw   by   which   the  mlid  matter  of  the 
iecretion  is  eliminated ;  whilst  it  can  scarcely  be  doubted,  that  the  office 
of  the  Corpora  Malpighiona  is  to  allow  the  transudation  of  the  supei'Huous 
fluid  through  the  thin-walletl  and  naked  capillaries  of  which  they  are 
composed.     "  It  would  indeed,"  Mr.  Bowman  i-emarks  (loo.  cit,  p.  70), 
"  be  difficult  to  conceive  a  disposition  of  parts  more  calculated  to  ikvour 
the  escape  of  water  from  the  blood,  than  that  of  the   Malpighiaii   body, 
A  large   artery  breaka-uji  in   a  very   direct   manner   into   a   nuniber  of 
minute  bmnches;  each  of  which  suddenly  opens  into  an  assemblage  of 
nsaela  of  liir  greater  aggregatt-  enpacily  than  itself,  and  from  which  there 
in  but  oue  narrow  exit.     Hence  must  arise  a  very  ubmjit  retardation  in 
the  velocity  of  the  current  of  blood.      The  vessels  iu   which   this   delay 
occurs,  are  uncovered   by  any  structure.     They  lie  bare  iu   a  cell,  from 
wldch  there  ia  but   one   outlet,  the   orllice  of  the  tube.      Thia  orifice  is 
encircled  by  cilia,  in  active  motion,  directing  a  cuiTcnt  towards  the  tube. 
These  exquisite  organs  must  not  only  serve   to  cariy  forward  the    fluid 
wliich  is  already  in  the  cell,  and  iu  which  the  vascular  tuft  is  bathed ;  but 
laust  tend  to  remove  pressure  from  the  free  aur&ce  of  the  vessels,  and  ao  to 
uncoumge  thecscafio  of  their  more  fluid  contents.'' — Here  we  see  the  esaen- 
lial  difference  which  exiats,  between  the  Wia/ agency  concerned  lu  the  true 
&ei;i«ting  procesa,  and  the  phyttictU  power  wliich  oc^caaions  fluid  exhalation 
or  transudation.      This  diUereuce  ia  precisely  th<i  same  as  that  which 
exists  Ix^tweeo  the  (m'W  act  of   selective  absorption,  and   the  phi/siatl 
upvratioD  of  endosmose  or  ioibibition.      By  Imbibition  andTransudatiou, 
certain  fluida  may  pass  through  organic  membranes.  In  the  dead  as  well 
aa  in  the  living  body;  and  thia  passage  dejjends  merely  u{Kin  the  physical 
condition  of  the  jiart,  in  regard  to  the   amount  and   the  natuiv  of  the 
fluid  it  contains,  and  the  pei'muability  of  its  tissues.      I^ot  only  does 
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walur  thus  tiansuJi!,  but  various  Bubstfuioee  thut  aiv  hold  in  CMii|ibl*] 
solution  in  it,  eajiet-jidly  albuminous  nud  suliue  uuitttr :  it.  is  in  thii  i 
that  the   Blood  abaorlts  UuicU   trf.m   tli*-   digralivc    cavity  (^   \i\\ 
pours-out  the  seroos  Hniil  whioL  ocoujiii-s  Uic  tutersj.ince»  r>f  the 
tissue  and  the  serous  cavitiixi.     The  tmnsudatiun  nf  thn  vruwry  i 
of  the  blood  is  much  iDureiiseil  by  any  impediment  to  it«  tlow 
the  vessels,  and  also  by  any  cauecit  that  product-  a  diminish <->! 
in  their  walls. 

407.  The  Kidney  is  liable  to  undergo  alterations  of  its  nDniiitl  i 
ture,  tront  a  pcrvexsioa  of  its  ordinary  formative  |>roct?88ii»,  which  ant 
a  nature  very  analogous  to  those  which  have  been  alreaily  tles(.'hl>t4 1 
occurring'  in  the  Livor,  though  with  difiei-emxis  nrising  nut  uf  tb«i 
cdalities  uf  itd  confumiAtion.      Several  ditferent  kinds,  as  well  . 
of  9UPh  alteration,  have  been  desurihpd^asit  now  npjiOArs)  undiT  tliei 
term  '  Bright'a  disenae.'  which  has  l>een  ii[i]ilied  ftlraosl  indiscrii: 
to  almost   every   kind  of  chronic  de^nerjlion  of  the  strnctum  of  I 
Kidney,  that  id  attended  with  the  jiresence  of  albimicn  in   thr  or 
In  the  first  place,  there  may  be  mere  vusciUur  f.'iii"j"tion,  thin  i 
affecting  the  vascuhir  coil  of  the  Maljiighian  Ixidiea,  and  thr 
plexus  around  the  tubuli  uriuiteri  of  the  M>rticAl  siilistaDce  ;  with  i 
however,  there  is  usually  more  or  leaw  effusion,  eitherof  blood  urof  fiiimo 
esudation,  into  the  interior  of  the  tubules,  and  sumetiDies  nmidsl 
interstitial  tissue;    and   the  epithelium  Is  very  commonly  Ihrowm 
Banifltimai  pi-eseuting  itself  in  the  urine,  but  often  remaining  rut 
in  the  fibrinous  exudation,  so  ns  to  bloek-up  the  tubidL      This  oc 
may   be   iniluced  by  colil,  and   also  by  scarlatina,  as   w<:ll   iks  byi 
cutaneous  affections  which  interfere  in  a  cousideral.de  degree  widi  ' 
ordinary  functions  of   the    akin.^When    this    congestion     [laMM    inV 
InllamiinUion.,  the  effusion  becomes  more  completely  organizable;  aadii 
the  chantjes  which  this  subsctiuently  undergoes,  it  becomes  the  onxwiini  i 
a  fui'ther  alteration  in  the  proper  substance  of  the  kidney.     The  st«l  I 
the  plastic  e.\udatiou  may  b«  either  the  tnter-lubular  subetonc^,  w  I 
interior  of  the  tubidi.     In  the  tirst  case,  it  usually  becomes  derelo 
into  a  more  or  less  perfect  ttbrons  tissue,  which,  by  undergoing  a  ] 
gressive  contraction,  comes  to  press-upon,  and  at  lost  to  obliterat«, : 
of  the  blood-vessels  and  tubuU  uriniferi  ;  thusproducinga  deticieut  mjflil 
of  blood,  and  aU-ophy  of  the  pi-o]>er  tissue  of  the  Kidney,  whilst  the  bnlij 
of  the  ot^n  is  generally  augmented  by  the  large  proportion  of  exinlt- 
tion-tissue  which  it  may  include,  though  it  is  tiometim>>s  reduced.    Tli>> 
state   is   analogous   in  all   essential   piu^lculars   to   the  eirrhusis  ol  thr 
Liver  (§  390).    The  plastic  exudation,  on  the  other  hand,  may  bepounii' 
out  iiither  within  than  around  the  tulies.  thus  directly  blocking  tben  ofi 
In  either  case,  however,  an  obstruction  to  the  exit  of  the  sea«t«(l  tiai 
through  any    tnlw,   whilst  its    Malpigliian  corpuscle  is   still   cnpnhlt  i 
allowing  the  transudation  of  Quid  thi'otigh  its  glomerulus,  will  i 
a  dbtenston  of  the  tube  or  of  its  Matjiipluau  capsule  above  tlia 
tion ;  and   thus  a  cyst  is  formed,  which   may  itself  become  filW 
esuilatiou -substance.         When    the  e.xuilation     is   |x>iu-c4l-oat   inW  ti' 
Hitcrior  of  the  tubuli,   it  seems   to  he   much   moi'C  prone   \a  depwiii^ 
changes,  than  when  it  is  offnsed  into  the  intertubuhtr  toibslajtop;  f<v> 
acldont  [lanscs  into  the  fibiijiiH  eonditiou,  but  at  hi'st  jii-escnts  a  j^numh' 
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e,  and  speedily  undergwst  'fatty  degeiieratiou.'  Aud  this  is 
abt  BOfreqiiBiitly  t)if>  caue  ul»o  willi  Urn  inleratitiiil  deposit,  whii;h  Li  otli'ii 
formwl  ill  greiiter  or  less  abimdiiuce  wlioii  the  interior  of  the  tubes  ia  also 
occupierl  by  it;  so  tbiLt  tht;  morbid  product  ia  found  in  all  [larts  of  the 
gland, — the  iiit^irtubular  tissue,  the  tubulos,  and  tho  Malpighian  CHjtsulea, 
— obliterating  a  large  proportion  of  the  normal  stnictun;.  This  condi- 
tion pn.'syntH  itself,  more  or  Il-s»  fully  develojied,  in  the  greater  number 
of  &tail  caeea  of  '  Brigjit's  distsase;'  and  It  is  tliiit  which  fimt  attracted 
attention  aa  'granuliir  dogenerution,'  tho  griinulations  being  produced  by 
the  distfinsiou  of  loops  or  eliisters  of  tubules  witli  eKudation-matter. — It 
is  probable  that  in  the  case  of  the  Kidney,  as  in  tluit  of  the  Liver,  there 
is  an  idJo]iutliic  '  fatty  deguuciiitJoi]'  of  the  aecretiug  coHa  (§  397),  without 
any  exudation;  and  thiit  may  become iiiiournt  of  corres[KindingfH.-rver«ioii 
in  the  character  of  the  uriniiiy  secretion.* 

408.  It  must  nbt  l>e  supjioscd,  however,  that  any  of  the  leBions  now 
describ«d  are  iuvariably  L'oineidi?nt  with  the  presence  of  Albumen  in 
the  Urine:  for  it  has  been  fully  proved,  on  the  one  hand,  that  albumen 
muy  pi'eseut  itself  in  this  exuretioD,  without  any  ulturation  in  the 
structure  of  the  kidney;  and,  on  the  other,  that  various  forms  of  Brtght'it 
disease  may  exist,  even  in  an  advanced  stage,  without  any  albumen 
being  detectable  lu  tho  urine.t  Tliesu  variations  niay  probably  be  attri- 
buted to  two  clnssea  of  eouditioiia ;  viz.,  tho  state  of  the  albumen  in  the 
Mood  itself,  ami  the  atiit*;  of  the  capillary  circidation  in  the  kidney. 
We  liave  seen  that  the  weak  fonn  of  albumen  which  is  first  taken-up  by 
ftbflorption  fi^m  the  alimentiiry  canal,  is  distinguished  by  its  prononess 
to  traiuiudation  ({  1S3);  whilst,  on  the  other  hand,  the  strong  albnnieD 
of  the  ogg,  if  injected  into  the  systemic  lilood-cutTent,  finds  its  way 
out  again  by  the  urine,  as  a  foreign  substance  (§  132);  an  assimilating 
uction  being  required,  in  the  case  of  each,  to  give  it  the  normal  charactein 
of  blood-albumen.  It  is  probably,  iu  part  at  least,  to  tlic  want  of  such 
perfect  assimilation  of  the  newly-almorbed  albumen,  tliat  wo  are  to 
attribute  the  increase  of  albumen  in  the  urine  passed  Boon  atter  mt'als, 
by  (latientH  suffering  under  Bright's  disease;  aomething,  however,  may 
hi!  due  to  the  simple  .lugmcutation  of  tho  bulk  of  the  blood,  and  esjte- 
einlly  of  its  solids.  But,  again,  it  has  been  shown  that  any  cause  which 
produces  congestion  of  the  vessels  of  tho  kidney,  favours  the  passage  of 
the  normal  albumen  of  the  blood  into  the  urine;^  and  thus  we  see  how 
albuminous  urine  may  be  pi-oduced  by  the  repulsion  of  blood  from  the 
cutaneous  surface  to  the  kidney,  nr  by  tlie  ileterminiug  influence  of  can- 
ihartdcs  or  other  initant  lUnretics,  or  by  any  ubstniction  to  the  return 
of  blood  fi-om  the  cJipillary  plexus  by  the  renal  veins.  Now  it  seems 
quite  conceivable,  that,  in  by  far  the  larger  proportion  of  cases,  the 
pressure  of  an  abnormal  defiOEtit  should  be  exercised  in  impelling  the 
tWRoua  lather  than  the  arterial  circulation  in  tho  kidney;  and  this 
would  well  account  for  t)ie  vei-y  gcnei-al  preaence  of  albumen  in  the 
urine,  in  these  morbid  conditions  of  the  secreting  organ.     But,  on  the 

*  In  ihe  r<ireiEoing  ncuuuat  of  iLc  pathological  i^hongea  in  tie  Kjilney,  vkich  oiniititulc 
■  Briabt'i  DiiwMt,'  tli«  views  uf  PrPrii^liB  (in  but  luJminihli'  trmliiw  "  Die  Bright'sche 
NioKaliranfcheit  uiul  dcreri  Bolmniltmig")  liavi:  bvcn  olii^fl;  fulluwcO. 

t  S«!  Dr.  Dcfihu.  in  the  "  Rrit.  ami  V<-r.  Mwl. -(,"bir.  Bflv.,"  lol,  lii.  p.  46. 

*  8k  Rolanwii  iu  ■■Mtd.-Ubir,  Tnuuanjt.,"  yuI.  kxi'i.  p.  61. 
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nlhiit  band,   it   is   no  leas  conceivable  tliat  llip  arti-rial  ciimol  I 
ar)in«<tiiiies  be  the  one  clilefly  obstructed, »}  lliut  tlicrw  would  b»( 
Dlifioititc  to  it  atut*^  of  Ltiug^tion  in  the  capillaries  Mud  Unlpig 
mcnili :  njid  it  tuny  be  in  sucU  cases  a*  these,  thai  Hu)  of&iany  i 
of  Bi'igbt's  disetiBc  is  viiuting. 

409.  Tlie  natui-e  and  pnrposM  of  the  Urinary  secretion,  and  t-^»-  ■ 
tiODS  which  it  is  liuble  to  undergo  in  various  cnilition*  of  i : 
are  much  better  understood  than  are  those  of  the  Bile:  thia  U  ..- 
great  port,  to  the  two  circrutiiHtances,  that  it  mny  be  readily  colli 
Blaie  of  purity,  and  that  its  ingredieDte  are  of  sncL  a  uatiint  ■■ 
easily  and  defimtety  sejuorated  Irom  each  other  by  simgdc  rhclwi.'*!  I 
ITiere  can  he  no  doubt  thnt  tlie  chief  purpose  of  this  excrrtiAB.  i*  1 
rciDOTe  Inim  the  system  the  effete  aofliztd  matters,  which  Um 
takea-up  in  the  coursi.'  of  ita  circulatiou.  or  which  tuay  hare  bMB  | 
dui?L-tl  by  changes  occurring  in  itseIC  This  is  erident  from  tks 
j>ropoi'tion  of  Nitrogen  in  the  Bolid  uiatter  dissolved  in  the  uriM;  ( 
from  the  i-rystJklline  form  presented  by  rntii-h  of  this  solid  mattttT 
separated, — a  form  which  iudicates  thiit  its  state  of  onibiiuitioD  is  i 
as  to  prevent  it  from  conducing  to  the  nutrition  of  the  systrm. 
iujurioiLS  e£&cts  of  the  retention  of  the  pomjxments  of  lli»  Vt 
secretion  in  the  Blood,  are  fully  demonstrated  by  the  rcsolta  of  iw  i 
satiou;  whether  this  be  uajje  to  take  place  ex pcrinieu tally  (a*  by  i 
the  renal  artery),  or  be  the  consequence  of  a  disordered  cunditjon  of  ' 
kidney.  The  symptoms  of  Urtemia  (as  this  condition  lias  b>ivo 
priately  t«rmed)  are  altogether  such  as  indicate  the  action  uf  i 
poisou  ui)OQ  the  Nerrous  sygtem;  aflMting  either  the  Bntia  or  tb 
Hpiual  Cord  separately,  or  both  together.  In  the  first  form,  a  state  «f 
stupor  comes  on  rather  suddenly,  out  of  which  the  patient  b  with  dit 
ficulty  aroujied;  and  this  gradually  deepens  into  complete  coma,  vitk 
fixed  pupils  and  stertorous  breathing,  ju4t  as  in  ordinaij'  Idadi  it 
narcotic  poisoning.  In  the  second  form,  courulsions  of  an  efiSifilil 
character,  frequently  alTecting  the  whole  muscular  systeDi.  sudilca^ 
oiwur;  but  there  is  no  loss  of  oonsciuuBiiess.  In  the  third  fumi,cani 
and  convulsions  are  couibiued. — It  has  been  generally  suppoeol  tU 
these  results  are  attributable  to  the  accumulation  of  urta  in  the  UtnJ; 
but  clinical  observation  affords  sudicient  evidence,  that  tbt-xn  is  oo  oea- 
Btant  relation  between  the  severity  of  these  symptoms  uqiI  ibc  anKHUt  rf 
urea  in  the  circulating  system  ;*  and  experiment  has  determ.imi.1  thM  ih* 
other  constituents  of  the  urine  do  not  exert  any  more  pot«nt  inilui.-bA.'t 
It  seems  probable,  then,  that  some  sulistance  formed  at  tL«  ejcMutf  of 
the  nuniLal  constituents  of  urine,  mther  than  cither  of  theae  nlrrtnlTil 
themselves,  is  the  real  jwisonoua  agent  in  mses  of  Uraemia;  otid  nay 
cogent  evidence  has  been  adduced  by  Prof.  Frerichs.  in  proof  nf  hi*  Hit 
that  the  sympioms  of  this  disorder  arise  from  the  couveisiaD  of  tht 
Urea  in  the  circulating  current  into  Carbonate  of  Ammonia,  by  tl* 

*  It  bsB  been  remArked  hj  Bri^L,  Chrutisim,  G.  0.  Betw,  «nrl  Fnsrichs,  tii^  una  Hf 
ahea  be  ubtaiiwd  in  cuDsiilenhle  'gnajitit;  fnim  the  bliwl  of  pMuntt  rtXmiag  ■'> 
'  Blight's  diKW.'  wbu  uere  at  the  uimt  timt  ftcB  from  nil  neTToui  ijaiptons. 
'  i-  Thus  FnriFhi  i,it  Jiiciat.  Connes,  &nil  <]»8|iard  laA  be/ore  done)  nt>^((ill|  tifiBMJ 
fivia  2U  to  40  (munnm  of  filtered  bumsin  iuHdc.  mnetime*  ena  wilb  Ihii  iiTdJIiwirfs'W 
into  liw  veina  uf  auimsls,  wittianl  sny  ill  cff«cu  tomlting. 
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agoucy  of  a  suitable  fentient ;  ao  that,  however  great  may  be  the  accu- 
inkilatiijn,  it  does  not  give  rise  to  any  serious  coBsequcuet-.i,  unless  tliis 
ferment  bo  aim)  jireseiit.  Two  seriea  of  expcriiueuls  are  described  by 
lum  as  supporting  tliis  doctrine ;  tho  first  showing  that  in  caaes  of  uiwiuic 
intoxication,  a  resolution  of  urea  iuto  carbonate  of  iiuinionia  ia  actually 
taking  ]>lnce,  ammonia  being  found  in  the  expired  air  when  tlie  fiiat 
symptoms  uiafce  tboir  appe-iirance,  and  in  tho  bUwd  and  in  tlie  contents 
of  tlic  stomaoli  after  deatli  ;•  and  the  second  jirovlug  tl;at  the  Injection 
of  carbonate  of  ammonia  into  the  eirculating  current  induces  a  tiuin  of 
symptoms  eaientiitlly  corres[iondinj^  witli  those  of  lU-Eemia,  stupor  and 
coavolsioiis  occurring  either  separately  or  conjointly.+^It  seems  not 
improbable  tliat,  an  in  blie  case  of  the  retention  of  BIlo  in  tho  Bloml 
(j  401),  many  of  the  minor  ns  well  as  of  the  severer  forms  of  sympa- 
thetic disturbance,  conueetud  with  disoniered  secretion  from  the  kidney, 
are  due  to  this  dii-ectly-poisonous  oj^eration  of  tlie  decomposing  consti- 
tueatA  of  the  urine,  upon  tht  several  organs  whose  function  is  disturbed; 
and  that  many  complaints,  in  which  no  such  agency  haa  lieeu  until 
recently  suspected. — especially  Convulsive  affections,  arising  from  a  dis- 
ordered action  pf  the  nervous  centres, — are  thus  due  to  the  insufficient 
elimination  of  Urea  from  the  Blood. 

410.  In  order  to  form  a  correct  opinion  uf  the  state  of  the  Urinary 
Mcretion  in  morbid  conditions  of  the  system,  it  is  desirable  tu  be  ac- 
qnailited  with  evei-y  leading  pivrticular  regarding  iU  normal  character. — 
Fresh  healthy  Urine  is  a  perfectly-transparent,  aodier-y  el  low-coloured 
liigutd,  eidialing  a  peculiar  but  not  disngrceahle  ■xlour,  and  having  a 
bitterish  ealine  taste.  The  only  morphological  elements  which  it  nor- 
mally contains,  ara  pavement  ejiithelium-cells  and  niucus-corpuscles  from 
the  lining  of  the   urinary  passages;    which,  however,  ai-e  present  in 


*  It  in  the  coaclrision  of  MM.  Benuinl  uiJ  Barreiwil,— frnm  the  eiiierimenW  whioli 
Upy  litre  |iflrformn]  tu  dfltfirniine,  why,  aittir  the  eiiLiiTAtioa  uf  the  kidiieya,  A  piiriud  of 
Jrout  ttrcDtj-fuur  U>  fvrty-eighc  hours  nlwajH  olap§ea,  befure  the  hloud  mIiowb  adj  decided 
tnwa  of  I'reu,  —that,  under  aucb  i^ircuuutaiiceH,  lb«  urea  it  dlimumlwl  by  tlie  aecrctioua 
of  the  inteetiiiBl  tulic,  aud  chiefly  bj  thu  (fiutriii  juii-e,  tn  the  furni  of  an  >Liiimiiuiii':al  salt; 
and  thai  au  urta  ean  1>«  detected  in  the  bl^Nid,  until,  by  a  pn^grcHatve  diminuti^tQ  of  the 
vhal  puvtin,  th^  inte&tiEL&l  duida  beciime  niLtre  and  more  dimiDiflheil  Ut  quiuitity,  and  tho 
jnmutalic  channels  for  the  eliminiitioQ  of  urea  aie  eloned.  Retention  of  area  in  the  bloud, 
a*  they  argue,  ia  thna  a  reanlt,  not  directly  of  the  iiu|>preu«uo  uf  arint,  bat  tatliur  uf  the 
loaaof  rigour  which  follova  it.  ("  Arcliiv.  Geatr,  de  Alcdeciue,"  liAuie  S£r.,  ^m.  xiiL, 
p.  44»). — '^n  the  mtlailairit  iif  the  Urinary  eicretion,  see  S  3S7. 

t  On  thia  Buhject,  *oe  the  Cluipter  un  '  I'nijmia'  in  the  Treatise  of  Frerichs  jnst  citecl. 
nil  euaclufnoni^  hoTerer,  tliuujfh  qujto  lu  baruiouy  with  the  obaerratioiih  of  L<?]unima 
^"  Fhyiiulufpcal  CbemUtry,"  trauslut^  by  Br.  Dny,  ral.  ii.,  p.  253),  have  b«en  disputed 
ty  olber  patliologigts ;  m  by  Zimmeraiaun,  "  Deutsche  Klinik.''  No.  37,  and  "Brit,  und 
Pot.  Il*d,-Clur.  Eei-.,"  Tul.  li.,  p.  aoH;  and  by  Sehottin,  "  Vierordt's  Arehi'.,"  1863, 
iefti.,  p.  ITO.  and  "Brit,  and  For.  Mwl.-Chjr.  Rvr."  toI.  lii..  p.  2US.  The  latter  of 
IhttV  Critiea  affirmb,  (hat  the  eaase  of  the  symptijaLbi  {>f  unemic  poisoning,  in  cases  of 
advanced  *Bright'pi  disvase,'  '^  luuat  be  luoked-for  in  an  iuijiediuitnt  nf  the  utetamoniboPiiH 
of  ihe  timat,  in  a  destnictioa  of  the  prucesE  'jf  vudosiuoBe  mii!  ui.'ijui'iHe  l>etH'«eu  lilood  and 
li^niea,  aodperhapain  d  genemlly -diminished  oxiiiution-iMiweriii  the  blood." — It  isdiffii^ult, 
bovorer,  tn  belieTe  that  the  imreotio  Bymptoms  followin)!  upou  sudden  and  ct-mploto  *up- 
pranoii  of  the  urinary  eicretiou,  with  aeeuntulalion  of  area  in  the  bleed  (as  <hown  by 
anaiyaiv),  and  abadjij*  with  the  eliminatiua  of  the  urea  by  tbn  re'estabLiHhnLent  rrf  the 
aecntion  (a«  happeneil  iu  the  inUFresting  case  reconled  by  Dr.  Sb'.'nriuan  in  the  *^  Kdiab. 
MoallUjJoiinul,"  March,  1B4S).  can  be  due  to  aTiythii^K  ehje  than  the  lUreet  toxic  influence 
(if  Iho  qraa,  or  of  aomo  pioduet  of  ita  luelOEaorphnHis. 
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}iea1thy  \irine  to  but  a  very  small  aiaouiit.  But  in  oi-TUin  mnrtalj 
statca  of  tbe  iiriue,  minute  cyliudricnl  bodies  mi;  seen,  in  grv»tei  «■  I 
&bundsnce,  wliich  are  obviously  derive«l  from  tbe  tubuli  uriuifcri , 
ant  sometimes  coinpobod  iLlruoett  exclusivi^ly  of  die  i^pitlielinl  lis 
the  tulits,  of  wbicb  the  cells  ri-m^n  &dberent  to  each  ntlirr, 
standing  their  detachment  from  the  bBScmeDt-iiiembraiic  lH.-ii(«tli 
soniBtiiues  they  are  fibriuous  moulds  of  the  interior  of  tUc  tulni,  I 
by  exudntion  of  plastic  niateriftl,  and  orjutuiniug  blood-  or  jius-i 
aad  in  other  lustances,  again,  tlioy  se<.'m  to  coniuat  of  nothing  fiie  I 
the  ImHement-membnuit'  of  tbe  tubes  ihemse'lTes.  The  lirst  of 
forms  occurs  chiefly  in  des(|Uaniative  irritation  of  the  kiUneya ;  thvn 
as  a  consequence  of  acute  inflammation,  and  tbe  last  in  tbu  ad* 
stages  of  'Blight's  discasp.'^ — In  all  Datura]  conditicHiB  of  the  Hn 
qistem  (eveji  whon  a  vegetable  diet  is  used),  the  urine  pciiiuwM  « \ 
marked  acid  reaction.  When  it  is  left  to  iteelf  for  aonie  Uawv  : 
neboli^,  oonaiHting  of  mucus,  are  formeil  in  it;  and  th«w 
descend  to  the  bijttom.  Soon  afler^arJa.  nn  unpleasant  odour 
veloped ;  instead  of  an  acid,  an  alkaline  rvnctinn  is  ]>reai-at«d.  in  i 
queuce  of  the  decompositiou  of  thenreft  into  carbonate  of  aiamoiiia;  i 
a  precijiitatiou  of  earthy  phosjihiitcs  then  takes  place.  A  turhidilj 
be  produced,  however,  by  the  piecipitatiou  of  urates  of  soda  aud  i 
on  tbe  flimjilo  cooling  of  the  urine,  without  any  such  dejiartiim  fn 
normal  composition  as  would  properly  coiL-ititute  diseafle,  but  utidwj 
of  tbe  conditions  bertiaiter  to  be  specified  (§  il'2).  But  if  t^j 
be  turbiO,  when  it  is  flrat  passed  from  the  body,  and  has  a  temp 
of  88°  or  100°,  it  muBt  be  considered  nsabnomml. — Thenveraprl 
of  urine  passed  during  the  24  hours,  has  been  variously  est 
differs,  of  course,  with  the  amount  of  fluid  ingested,  and  it  is  indue 
also  by  the  external  tempei'ature ;  a  much  smaller  amount  of  the  i 
fluouB  fluid  of  the  body  being  set-free  from  the  Hkin  in  winter  ihaoi 
summer,  and  a  lai^er  proportion  being  can-ied-oft"  by  tbe  kidne^i. 
bably  we  sliall  be  pi-etty  near  the  truth,  in  wtimating  the  amount  i 
Dr.  Prout)  at  from  about  30  ok.  in  eummc-r,  to  id  oz,  in  wiiiicr,  forJ 
person  who  does  not  drink  more  than  the  sim])lii  wants  of  natui\'  rogu 
— The  Specific  Gravity  comes  to  be  a  very  impoi-tant  cliaract<;r,  iti 
morbid  conditiouR  of  the  urine;  and  it  is  therefore  desirable  to  i 
it  coiTcetlv.  This  also  is  of  course  subject  to  the  like  aiiisf^  of  ■ 
tion;  since,  when  the  same  amount  of  solid  matter  is  dissolved  is  I 
larger  or  smidler  quantity  of  wnter,  the  specific  grarity  will  W  i 
tionably  lower  or  higher;  or,  the  quantity  of  water  remaining  the; 
an  increase  or  diminution  in  the  amount  of  solid  matter  will  rwK  ( 
lower  the  specific  gravity.  It  has  been  commonly  supposed  that 
amount  of  solid  matt«rs  in  the  urine  bears  sncli  a  constant  ratio  V>  i 
spccifiv  gravity,  that  the  former  may  be  approsimatively  dediic«i)  1 
the  latter;  this,  however,  has  been  clearly  shown  to  be  by  no  mnuul 
case.*  Still,  the  determination  of  the  specific  gravity  is  of  sufficie 
importance  for  diagnostic  ptirposes,  to  make  it  dcKirabte  to  pnssras  : 
average  standard,  as  nearly  ajiproaching  to  acciiracy  as  circumstancv*  i 
permit.     Tlie  average,  according  to  Dr.  Prout,  in  a  healthy  pen 

*  Sea  "Letuuauii'ii  Plijaiulogical  CLeniinfjt,"  (Cati!D4luh  SockQ'),  *u].  ii.  p.  itS. 
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taking  tlie  wholu  year  roiind,  is  about  1030 ;  the  standard  rising  in  nuni- 

mer  (on  account  "if  tliii  greater  disc!inri,tf  of  fluid  by  iHn-spimtion)  Ui  1033  ; 
and  being  lowered  in  wiTiter  to  1015.  Simon,  however,  Htates  the 
average  specitie  gnivity  at  no  more  tlian  11*12.  It  will  mainly  depend, 
in  each  individual  vase,  upon  the  amount  of  azotized  solids  and  of  ar[neous 
flnids  habitually  ingested,  allowing  for  the  portion  of  the  latter  that  is 
dissipated  by  cutaneous  ciJialation  ;  and  it  will  also  vary  with  the  jieriod 
tliat  has  elapsed  since  the  last  introduction  of  liquid  into  the  stomach. 
From  tlieae  and  other  causes,  the  amount  of  solid  matter  in  lOUU  partu 
of  Urine  may  vary  from  20  to  70  parts;  and  hence  the  various  reciinletl 
analyses  of  this  li<)uid  present  veiy  wide  diversities  iu  the  proportions  of 
iu  solid  cons  tit  lien  t-t.*  Tlieac  JiscrciMincit*,  however,  Iwing  chielly  due  to 
the  fluctuating  amount  of  water,  bocoine  very  Tuucli  less  (as  Simon  pointed 
out)  when  wf  calculate  the  proportion  wliich  each  principal  comjioiieiit 
bears  to  100  of  solid  residue;  aa  is  shown  in  the  following  Tabhi; — 

Bimdiiu.  LrlimKEiD.  Slriino,  Marvhknil. 

Pre* 4S-I0  49-i!8  33-80  IS-Hl 

Crio  tad 1-60  1  'fll  i-i<l  1  ■BU 

Krt™.-liTL.n.Mter,Ammo>,m-alw,(  gg.g,,  gg.^.  ^^-BO  33-« 
ftDrl  LliTonJe  or  au<Jinm       .     *    3 

Alkaline  SnlpliateH 10-SU  11 -SS  3-14  10-18 

Alloline  Pho^Lates S-ES  S-iKt  S'60  4-67 

Phcwpbntra  of  Lime  uid  MsgaevB    .  1-fiO  1-97  l'S9  1-Bl 

We  shall  presently  find  the  causes  of  some  of  the  variations  even  hei-e 
shown,  to  he  in  the  nature  of  the  ingesto,  and  in  tlie  amount  of  exercise 
taken  by  the  individual. 

■III.  The  most  imjiortant  of  those  oi^anic  constituents  of  the  Urine, 
whose  presence  may  be  directly  traced  to  the  mutjiraorphoeis  of  the 
Mzotized  components  of  the  tis.-juca  and  of  the  blood  (§  34S},  is  evidently 
that  which,  from  its  being  the  principal  soui-ce  of  the  characteristic  pro- 
perties of  the  secretion,  is  termed  Urea.  This  substance,  as  already  men- 
tioned (§  172),  exists  preformed  in  the  Blood,  though  ordinarily  iu  very 
small  amount;  being  generated  by  the  retrograde  metamorphoBis  of 
the  aaotized  tissues,  especially  the  Muscular  fand  in  this  prolmbly  through 
the  intermedifttiou  of  creatine  or  of  uric  acid),  and  also  by  aimilar  changes 
in  the  unaasiuiilated  jKirtiouB  of  the  Blood  itnelf. — The  anLount  of  Urea 
eicret<-d  in  the  24  hours  has  been  made  the  subject  of  exaauoation  by 
uumeroiiB  Chemists :  the  following  are  the  results  deduced  by  JL  Lecanuf 
from  a  series  of  120  analyses: — 

UmiiDiina.  Mbiiii.  MAiinqin. 

B^Men 357-61  grs.       433-13  gra.       ."ilO-Segrs, 

By  Women lSa-2B   .,        2afi-lo  ,,        iSJ-IHt  ,, 

By  01.1  Men  (S4  to  86  year<)    .      (11-03  ,,         125-23   „         396-15  ,, 
By  ChUdrea  of  eight  yenn  .     .      IBl'TS    ,.         aOT-SS    „  2M-30    ,, 

By  Cliildren  of  fuur  yeim    .     ,       67-28   „  6I1-BS  „  81-BS  ,, 

The  averaged  obtained  by  Scherer,  Bischof,  and  other  subaeqnent  expori- 


*  U  is  mnnkHl  by  Iichm&nii  (Op.  ait.,  p.  447),  that  the  oiine  of  the  French  U  pDonwt 
ia  inlvl  ccDAtituentfl,  «j^>eolAUj  in  iirra  nod  uric  ucid.  And  tlint  of  tlio  Rngliflli  tlie  rii^heiit. 
tbkt  of  the  Qennnns  liiing  ihltmiwIiBte  between  the  two  ;  the  ratiii  in  ecurh  iiiitioQ  Ixiing 
hi  mafonoity  with  the  iimportion  uf  Miiinal  food  entering  intn  its  arJiaAry  diet, 

f  "  Jnarnthl  de  Phiknnacie,"  turn.  xx*. 
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mentera,  «re  very  closely  ronformable  to  lliese  (Bll0V3kIK«  being  at/k 
fur  the  differi'uce  of  httbitiial  Jiet  already  referred-U>,  (  410  fiU);  mi 
their  observatitJiis  alt  o^ix^e.  uioreorer,  in  asaiguing  a.  like  high  {irupMtiM  I 
to  the  excretion  of  Mieti  in  cbjldreu,  aa  comiJU-iLtl  with  the  w«i^laflh«l 
bodies.     TliUB  Scherer*  slates  that  whilst  iiii  adiilt.  for  every  I  lb,  «a|^] 
(avord.)  of  his  body,  daily  excretes  2iH  gmiiis  of  urea,  a  chilil  ruttm] 
5-67  graiiLiof  nrea  for  every  1  lb.  weight  of  his  body.  This  excg«n)| 
portion  of  iii't^  tu  yoiiD^  subjects  nmy  be  conBidtrnvl  na  dependent  «ii  I 
rapidity  of  iuturatitiol  ebun^  iu  their  tiiiaues;  while  the  rereno  a(\ 
IB  true  of  aged  subjects.     (See  chap,  xviu.)      The  quantity  of  Ub 
secreted  at  any  ^ven  jwiriod  of  life,  Bceins  to  depend  mainly  on  two< 
ditionsj  namely,  the  degi-ee  of  muscular  exertion  previoiialy  put 
aud   the   amount  of  azotized    matter   ingested  as  IVvmL      Thu 
Lchmoiiu  asc^rtiuned  that,  by  the  snbstiCntjou  of  riotetit  for 
exercise,  the  quantity  of  UrcA  was  ntiseii  fniia   32|  t<>  IJiJ  pMt*;  i 
Simon  found  that,  by  two  hours'  violent  exercise,  the  prtiportiuti  •■(  ' 
nrca  in  the  uiiuc  jmssed  half  au  hour  subsequently,  was  doiiblr  ihat  «^< 
tniued  in  the  nioming-urina      Again,  Prof.  Lehuiann  has  shown  (}  41iJ 
that  the  amount  of  Urea  e-xcretcd  daily,  when  no  azotizeil  iiialtnr 
takeu-in  as  food,  aud  when  the  exci'etion  was  simply  a  uitMSurv  of  ' 
'  waste' of  the  tissues,  was  not  above  /lalj' tha.t  excreted  when  an  i 
nary  mixed  diet  wa*  employed,  anil  only  about  tico-rtfenl^  of 
which  was  [lassed  when  the  diet  was  purely  auiiual.     The  revvnt  exp 
meats  of  ProC  Biscbof  ai-e  to  the  same  effect;  for  he  found  that  a  I 
dog  secreted,  with   mixed   food,  from  2.30  to  300  gniina  of  Hr«»  dttljl 
vith  flefih  diet,  ^iS'2  grains;  aiiit  when  fed  on  iut^tiiics  and  gclBtine, 
leas  than  1 110  grains  daily.      This  last  statement  confirma  the  iiifei 
to  which  the  injection   of  a   solution  of  Gelatin  directly  into  the  hli 
appears  to  leait  (§  51);  namely,  that  urea  may  be  fortnei!  ilirectlr 
the  metamorphosis  of  this  substance,  aud  probably,  therefor*!,  fiTim 
disintegration  of  the  gelatigenous  as  well  as  of  the  albuminous  tis9u»- 
The  obser\-ationa  of   Bidder  and   Schmidt  upon   the  quniilily  of 
excreted  by  a  cat  fed  exclusively  upon  fat  meat  in  varying  propertio 
led  thoni  to  conclnde   that   this   animal   separates  by   the   kidneys  6(j 
parts  of  urea  for  every   100  parts  of  (lesh  which  it  consnmes; 
amount  of  urea  ooutaining  about  six-sevenths  of  the  nitrogen  cuub 
in  the   food.     The   mebimorphosis  of  tissue  would  seem  to  prwi-rd 
Carnivorous  animals  at  a  lar  more  rapid  rate  than  in  Man  ;  for  this  i 
oxci-etcd  on  an  average  as  much  as  li'T  grains  of  urea  for  every  llh 
(avord.)  weight  of  its  body,  even  when  inaiiitiated ;  whilst,  if  hi^y  f 
with  flesh,  it  excreted  no   less  than   0-3*C3  grains  daily,   for  eveiy  11 
weight  of  its  body. — The  foi-egoing  fiicts  seem  to  afford  full  con 
to  the  docfcrijie  already  stateil  (§  381),  and  advanced  by  the  Auti 
many  years  >^o,t  that  the  amount  of  urea  in  the  urine  can  only 
r^ardcd  as  a  measure  of  the  Tuetniuorphoais  of  tissue,  w-lien  no 
food  is  ingesteil  than  is  retjiiii-ed  to  eoni[>ensate  for  that  melamorpbuaif 
any  histogenetic  matter  which  escapes  assimilation   through  not  irvi 
required   in  the  system,  being  normally  decomposed,  and  its 


•  "  Vcrh»niil,  d.  phyt-meil,  Gea.  lu  Waraburg,"  band  iL  pp.  SSO~StN). 
+  •■  Brit,  and  For.  Uei.  Ess."  rol.  iv.  p.  503. 
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portion  elinunaterl  through  this  channel.* — The  amount  of  urea  escreted 
daily,  is  usuuliy  (though  Dot  coustautly)  increased  in  febrilti  diseases ; 
&ntl  when  it  is  borne  in  uiind  tiiat  comparatively  llttlt*  food  is  t-tken 
under  such  circumstaiicea,  the  increase  must  be  wholly  set-down  to  the 
MKOUtit  of  the  more  rajiid  wasting  of  the  tisaues.  In  tiust,  an  altsence 
of  tncreufle,  or  even  a  cort»iii  amount  of  diminution,  when  the  supply  of 
food  has  almost  entirely  teased,  would  still  indicate  nn  excess  of  ■  watite.' 
Some  valuable  observations  ou  this  poiut  liave  been  recently  made  by 
Dr.  A,  Vogeljt  who  has  found  thut  iu  a  case  of  typhoid  fever,  no  less 
than  1065^  grains  of  urea  were  excreted  <hiily  (or  nearly  double  the 
ugaal  average  for  Germany,  which  is  stated  by  Prof  Btschof  at  540^ 
grains),  and  in  a  case  uf  pyiemia,  the  exti'aordlnary  quantity  of  l^SS^ 
grains.  When  the  fever  is  over,  the  i.|uantity  of  urea  falls  helow  the  normal 
amoimt,  in  spite  of  the  augmented  quantity  of  nitrogenous  food  ingt^ted, 
which  is  doubthtss  appropriati'd  to  the  reijair  of  the  wasted  tisBues ;  iiud  it 
then,  after  [lerfect  rticovery,  returns  to  the  physiological  standard. 

112.  Next  in  importance  to  Urea,  among  the  organic  jiroducts  of  the 
metauioqihosia  of  the  luotized  constituents  of  the  tissues  or  of  the  blood, 
but  ordinarUy  bearing  a  very  small  proportion  to  it  in  quantity,  is  Uria 
aciil.  The  formation  of  this  .subatance  is  protiably  anterior  to  that  of  lu-ea; 
and  we  shall  see  that  its  proportion  in  the  urine  is  augmented  under  the 
same  conditions  as  regoiils  Jiioii  (§  -117).  On  the  other  hand,  there  is 
renison  to  think  that  e^ercU'.,  by  augmenting  the  respiratioB,  tends  to 
diminisli  the  projKirtion  of  uric  acid  in  the  urine,  by  converting  it  into 
urea  wlilltit  yet  in  the  circidating  current ;  for  this  conversion  may  be 
effected  by  boiling  it  with  peroxide  of  lead,  which,  by  yielding  oxygen, 
causes  the  resolution  of  uric  into  iiren  nnd  oxalic  acid,  the  latter  being  con- 
verted by  a  further  process  of  oxidation  into  carbonic  acid.  The  circum- 
stances that  most  favour  the  gimeinfi  of  uric  acid  in  the  sjrstem,  therefore, 
and  the  tticrease  of  iti  piif/>ortu)n  in  lAe  uriiic  if  there  be  uo  olistftcle  to 
itn  eli II li nation,  are  a  highly-Eizotized  ttiet  and  inactive  habits ;  whilst  the 
reduction  of  the  azotized  portion  of  the  diet  tjj  what  is  really  wanted 
for  the  nntrition  of  the  system,  and  the  promotion  of  the  respiration 
by  active  exercise,  tend  to  reduce  the  proportion  of  this  comj^nent. 
The  prccipitnliiin  of  nric  acid  (usually  in  combination  with  soda  or  am- 
monia, or  both),  which  frequently  takes-place  on  the  cooling  of  the  urine, 
must  not  be  regarded  as  indicative  of  the  presence  of  an  nnnsual  amount 
of  this  sulistance ;  since  it  may  depend  uix>n  other  conditions.  It  seems 
lo  have  been  clearly  [irovcd  by  Dr.  Bence  Jonpji,!  that  there  is  no 
rvlation  whatever  between  the  acidity  of  the  urine,  and  the  absoluta 
amounl  of  Uric  acid  which  it  may  contain  ;  for  in  the  urine  which  is 
inoot  acid,  and  which  deposits  the  largest  uric-acid  sediment,  very  Uttls 
uric  o^  may  really  exist;  whihit  that  which  contains  most  uric  acid 
may  hold  it  in  perfect  solution,  and  may  have  but  a  feeble  acid  reuotioTi. 
The  mtun  cause  of  the  dojxiMt  of  Uric-acid  sediments,  is  doubtless  the 
presence  of  some  other  acid;  for  the  addition  of  any  acid  to  healthy 

*  3u  a  Tilanble  article  on  "Tbc  Metamurplintls  uf  TJBBUe."  t!ivinK  nn  account  k>(  Uia 
itaearchea  uf  BidJct  uiil  Sutiiuiilt.  lliffihiif,  ikod  ntliFrs.  in  rclaliuu  lu  tlie  ycntili  uf  tlie 
tolida  i>f  il'K  Uriue,  in  "*  Hrit.  aii'l  Fur.  Meii.-CTiir.  K«v.,"  toI.  xiii.  p.  3&J. 

t  "ZcilK'hrift  fQr  Ration.  Mv.l.,"  tifiDil  \v.  heft  'A. 

X  Scohis  '  Cualributiuoa  lu  itiH  Ciiumbu;  of  the  Urine,'  in  "Pbilna.  Trans.,"  1811). 
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urine  passed  pood  lifter  food,  te  always  sufficient  to  produce  it.     Hat  lit 
deposit  takes  place  less  readily  if  the  teiuperaturc  of  the  Daid  kc  logb. 
since   the  solvent   jxiwer  of  the  acid  phosphate  of  soda  m  then  invt* 
stfoiigly  exerted ;  so,  on  the  other  liand,  b  deposit   oR«*u   toki*  ]iUo>  IB 
urine  which  would   not  otherwise  cshihit  it,  through  nu  unusual  ndao- 
tion  in  its  t«niporature,  cub  by  cxpoeure  to  the  (xild  air  of  a  ste^Niig'fOCB  j 
in  the  wiut*)r.     Again,  the  depoait  of  uric-acid  sediment  ia  Ikraond  f 
oonceDtration  of  thv  liquid,  which  thus  augments  the  proportaonad 
Brute  to  the  water,  and  at  the  same  time  intc^iisilifa  the  a4;id  raKtUD]| 
and  thus  urine  whose  uoaatitnenta  are   otherwise  Dormal,  may 
down  a  oopioua  deposit  of  this  kind,  merely  fi'om  defidenoy  of  watcra 
wliilst  tin  unusual  amount  of  uric  acid  may  be  really  present  wit' 
being  dojiositi^d, — tbe  urioe,  too,  exliibiting  its  ordinary  aridity. — if  I 
proportioQ   of  water   be   large.      Thus  the  uric-orid   »edimeut  n«y 
regarded  ua  dependent  upon  three  concurrent  conditions; — (1)  Dc 
of  temperature;  (2)   Increjiseil  proportioD  of  uric-iwid  compound  lo  f 
water,  positively  or  relatively;  (3)  Increased  acidity  of  the  urine.   Soio 
times  one  condition  is  most  influential,  sometimes  tmotlicr;  but  they  i 
all  uBiudly  coDoemed  iu  some  degree. — Tliero  are  many  diseftscs,  (MpwiaUi 
those  of  u  febrile  natui'e,  iu  which  the  presenc-u  of  au  ejrireia  of  uric  i 
ia  a  very  marked  symptom :  there  is  oHen,  at  the  same  time,  a  redu 
in  the  pi-oportion  of  urea;  and  thus  it  would  aecm  that,  with  jierh 
lut  augmented  tendeocy  ti>  die inttgru tion  of  the  tissues,  then.*  is  an 
pacity  for  the  performunce   of  that  higher  process  of  oxidation,  wliiuh  ti 
retjuisite   for  the   genesis  of  urea;  so  that   a  liwger  pnii>ortiou  of 
pi'oducts  of  the  '  waste'  pa&««-off  in  the  utate  of  uric-acid,  as  in  i 
whose  respiration   is   feeble. — This  view  derives  sujii-u-t  from  the  I 
that  Hippuric  acul,  which  is  only  to  be  found   in  extremely  luiiiutc  [ 
portion  in  htnlthy  Human  urine,  an<l  the  largo  proportion  of  lurhon  PI 
which  indicate.'*  that  it  is  to  lie  regardi«d  as  a  result  of  very  iwji 
o.vidation,  undergoes  a  marked   increase  under  the  snnie  circuti 
and  especially  when  obstructed  action  ejdsts  in  either  of  the  other  ( 
emimctories,  so  that  a  larger  amount  of  carbonaceous  mntt«r  is  tluu« 
upon  the  kidueyi^  for  elimination ;  for  iu  this  case,  also,  there  is  a 
ciency  in  the  normal  amount  of  urea. — Henco,  wherever  there  b 
actual  excess  of  Uric  acid  in  tht>  system,  constituting  the  true  ■  urie  I 
diathesis,'  diH,  exercise,  and  the  promotion  of  the  ot/ier  excr«lioH*,  afl 
the  most  elfectu&l  means  of  controlling  it. 

413,  Although  the  presence  of  Creatine  and  Creatintiie  in  the  Ulio 
the  former  in  very  small  projiortion,  but  the  hitter  in  coiisiilembly 
amount,  is  now  a  well -established  fiict,  the  actual  rpiantitics  onliuarii] 
excreted,  and  the  circurastanoes  wliieh  favour  their  increase  luut  din 
nittion,  have  not  yt-t  been  determined.  From  the  ready  eon  vert  iliihtvfl 
Creatine  into  Creatinine  and  Urea,  and  fn-mi  the  fact  that  in  the  'jakv  of 
flesh'  there  is  far  more  of  Creatine  than  of  Creatinine,  whilst  iu  ilie  Urinf 
the  proportions  are  reversed,  it  seems  likely  that  Creatine  is  ono  of  t^ 
lirst  pi-oducts  of  the  disintegration  of  muscular  tissue,  and  tliat  a  jujitiiw 
of  the  ui-ea  eliminated  in  the  urine,  as  well  as  the  greater  part  (if  nrt 
the  wlifilc)  of  the  creatinine,  ia  generated  at  its  expense.— The  prosuno 
of  Lacltc  acid  in  the  Urine,  although  by  no  meiuia  iufiioqueut,  niusl  1* 
regarded  as  exoeptionnl.     A  cousluut  genesis  of  this  substance  is  uiM% 


THZ  KIDMKTa: — BECRBTIOK   OF   PBEKE. 


j^ftce  in  the  body,  nol  meiMly  as  a  product  of  the  metamorphosis  of  the 
saccbarine  Duittcra  am[<l'iyu<I  an  toad,  but  also  ae  one  of  the  results  of  the 
dmutegratiuii  of  thi^nzotized  tiHsueit;  hut  the  reapii'atury  process  afibi'dsthe 
ordinai'y  chiuiuel  for  its  n.*[iioval  ;  no  that  it  in  uiily  wtieii  its  pi-oductiou  is 
ex.i:eaa\K,  or  when  there  ia  scmt  obatructioti  to  its  I'limiiiution  by  the  Imigs, 
that  it  BUikea  its  appeaniitce  in  the  uriuii.  These  coufliLioiiB  aru  so  oftcu 
pnst.-nt  iu  disetise,  thitt  Lactic  iu;i(l  is  far  luoi'e  comiuoiily  prescut  ill  ub- 
uormnl  than  in  uitrmal  atates  of  the  seeretioii. — The  E^radwe  Matters  of 
the  Urine  are  madi'-up  of  a  vai-iety  of  (liflei"cnt  compounds,  our  knowledge 
of  wliich  ia  gradually  l»eiug  extt^nded.  Amoog  the  substances  which  rank 
II  adc^r  this  head  iii  the  ordinary  au&Iyscs  of  Urine,  are  creatine,  creatinine, 
and  hippui'icui-id;  and  others  are  biiug  successively  deteiiniued.  Thus 
Stadeler  haa  shown  that  the  'extractive'  of  tlie  Urine  of  tlje  Cow  coutaiiiB  a 
[Kwuliar  azotized  oDinjHJuiid.aud  aevenil  volatile  iioii-azotizeil  aeids,  analo- 
gous to,  and  in  one  instance  absolutely  identicaJ  witli,  the  products  of  tho 
imperfout  oxidation  of  wooil  or  coal.*  And  Pni£  Ronalds  has  sliowu,  that 
Lhe 'extractive'  of  Humnii  urine  ordinarily  uoutaiiiH  a  aulphiirizt.'d  and 
a  phusphorized  compound,  which  tterve  for  the  excretiou  of  sulphur  and 
phosphorus  in  au  unoxidized  stnte-t  The  U rine-l'v/meul,  again,  haa  been 
to  a  certain  extent  scjiaiiLted  as  a  delinite  compound  from  the  '  exti-ac- 
■live,'  e^Mseially  by  tho  i-esijarches  of  Heller;!  and  although  there  is  still 
mach  uDoertuinty  as  to  its  precise  cliiiracter  (whether,  for  example,  it  ia 
composed  of  two  or  more  distinct  substances),  there  is  no  doubt  aa  to 
thi!  TL-ry  Ui^  proportion  of  carbon  it  oonlains;  this  element  constitu- 
tiugas  much  as  JiH^  per  cent,  of  the  ordinary  ]iigmGut,  G2j}>er  cent,  of  the 
salHtunce  terme<I  purpurlue,  which  is  generated  by  the  action  of  hydro- 
chloric acid  on  urine-pigment,  and  even  65,j  per  cent,  of  the  colouring 
mAtter  of  t!ie  lUTue  of  patients  suiFeriug  under  febrile  diaordei-s  or  organic 
iliaoase  of  the  lirer.in  which  bile-pigmeot  otlcn  passes  into  the  lu-ine.^— On 
the  whole,  we  may  say  that  with  the  exception  of  Creatine  and  Creatinine, 
all  the  known  couatitupiits  of  the  '  Urinary  extiiictive'  are  snbstances 
which  are  rich  in  carbon  and  Liimjiaratively  jutur  in  nitrogen ;  so  that 
their  increase  will  be  fiivoiu'ed  by  an  excess  of  carbonaceous  food,  an 
imperfect  action  of  tlie  liver,  and  a  low  degree  'if  respiration;  wliilst,  on 
the  other  hatid,  a  higlily-azutizL-d  diet,  es[ieciatly  if  combined  with  active 
oxerciae,  will  tend  to  their  reduction. 

414.  Beside:!  its  orgiuiic  materials,  the  Urine  contjuns  a  considei'able 
amount  of  Hali'is  mattiT ;  the  eicretiou  of  wliich,  iu  a  state  of  solution, 
appeara  to  be  one  of  the  jirineiiKil  offices  of  the  Kidney,  Various  saline 
ixiiui>ounds  arc  being  continually  inti'odiiced  with  the  food ;  and  others 
ait!  fornie<l  within  the  system,  hy  the  oxidation  of  the  Sulphur  and  Phos- 
phonis  of  the  tissttc*  or  of  the  food,  and  by  the  combination  of  the 
sulphuric  and  phosphoric  acids  thus  formed,  with  alkaline  and  earthy 
bti«e3  which  the  fooil  may  contain,  usually  in  a  state  of  combination  with 
weaker  acida  wliich  are  otherwise  diaitoaod-of.  Thus  the  fiiline  com- 
[lounda  found  in  the  nrlne,  arc  to  be  regarded  aa  partly  proceeding  from 

*  Sea  Dr.  lir^orj'B  "  Hkuilbook  of  OrgiiniD  Oheniiitry,"  p.  4S0. 

t  Svt  '•Vin1imf[iii<!*\  TraDsutuiDB,"  MH6.  p(j.  1U1-4'!1. 

1   '■  Arcli.  fiirCbonii*  unci  Mikruek.,"  IjoikI  iu  lip,  IBl.  ITS. 

{  Sw  Dr.  lioldin^  I)ir<l'«  '  L^fi'tuivs  uii  T)iei&i>i.'alii»,'  id  "  Hod.  Ou.,"  IStS,  vul.  iliJ. 
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tile  retro^ide  melamorpkosis  uf  tlie  materiaJs  vf  llie  tiKsuvs,  iv 
liave  served  thi^ir  piirpo«e  in  the  econoiuy,  and  partlv  iriiiii  tbii< 
ouiiip"i]'Mits  of  the  food,  aa,  beinj;  superfluous,  do  not  undergo  nrgmuMUOK  I 
J3ul  ihe  Kidney  also  serves  as  the  chuiiiiel  for  tbe  eliminuLioD  of  i 
coiupoimdii  iuti'odiiced  into  tLe  system  per  te;  these  being  lutiiirtUM*  I 
D'^rmully  present  in  the  body,  but  iDgest«d  in  too  la.rge  an  amount,  w  tt 
oft«n  the  case  with  conunou  Salt ;  wliilst,  on  tUa  other  haad,  thry  maj  I 
be  altogotlier  foreign  to  the  compuaitiun  iilike  of  its  solids  uid  iU  AiuiIlI 
— The  AUcaliiie  Sulp/iaJes  usually  oouBtitnte,  aa  we  hftve  seen  ((  41(1 
ftbout  10  per  ceot.  of  the  whole  solid  matter  of  the  Urine.  Beiiiji;  ali 
in  solution,  however,  they  never  make  their  presence  known  by  tht- 1 
(don  of  sediments,  an<l  ure  only  to  be  detected  by  oheuiicol  ttviA  Hal 
catues  which  influence  their  amount  have  been  carefuily  studi^vl  iif  , 
Bencc  Jones ;  who  lias  shown  that  they  vary  (like  urea)  with  the  i 
of  food  ingested,  and  with  the  degreeofnervo-muscular  activity  put 
OS  might  lie  antic  if "ated  from  the  tMt,  that,  \mder  ordinary  ciriMiuis 
the  aidjihurie  acid  is  entirely  formed  within  the  system,  by  the  oxii 
of  the  sulphur  of  the  protein -com  pounds,  the  bases  being  fiiraisliLtl  iHf  I 
alkaline  carbonatea  or  phoaphatis  of  the  blood.  When  sulphiirii-  add  i 
soluble  sulphates  are  taken  into  the  system  j>er  u,  they  partly  find  ilrn 
way  out  of  it  by  the  Kidaeys;  the  [iroportiun  of  sulphuric  acid  uiJ 
urine  being  for  a  time  augmented,  although  the  increase  is  not 
able  until  aoine  houi-a  have  elapsed  after  tlie  introductiou  of  thme  I 
stances  into  the  slomacli,* — The  amount  of  Alhiiinf  P/ntrp/iaiet  ia^ 
Urine  is  usually  about  half  tliat  of  tbe  alkaline  sulphates.  The  wai 
thfi-i(!  also  is  oiiiiiKirily  generated  within  thi>  system,  by  tlie  oiddntion  i 
tlie  phoBphoriia  originally  iTitroduced  intlie  jirotein-compouuds;  and  tlia 
aa  in  the  case  of  the  sulphates,  the  (juantity  of  them  which  isexcrcteil 
the  urine  beai*a  a  certain  relation  to  the  amoimfr  of  these  conijumn 
ingested  as  food,  and  also  to  the  amount  of  muscular  tissue  wliii'h 
Lndergone  disintfgration  by  exercise.  But  it  further  appears  thiit  ih 
is  a  special  relation  between  the  quantity  of  the  alkaline  pho»jih*t*«  i 
the  urine,  and  the  amount  of  J  is  integration  of  the  rieri^u*  tisuf  i 
might  have  been  suspected  from  the  fact,  that  this  tissue  is  distingtiui 
by  the  very  lai^e  proportion  of  pht^phoi-us,  united  with  Cktty  i 
which  it  contains.  And  a  marked  increase  of  these  salts  is  obdcrvcit  n 
those  inflammatory  discJisea  of  the  brain,  in  which  there  is  reason  to  1 
lieve  that  an  unusually- nipid  disintegration  of  its  texture  is  taking  pboaf 
— The  Earthy  Plu/aphtileg  u.iuaily  hear  but  a  small  pro]»ijrtion  W 
Alkaline;  but  their  pi-eaence  in  the  urine  comes  to  be  of  grdtat  imp 
tance,  with  i-efeitnce  to  the  precipitates  which  they  form  in  jmrtic 
conditions  of  that  secretion.  From  the  researches  of  Dr.  Benci.'  Jon 
(loc  cit.)  it  ai<peai-H,  that  the  quantity  of  these  phosphates  in  the 
chiefly  vai'iea  with  the  amount  of  them  contained  in  the  food,  Into 

"  Dr.  Bence  Jouts  in  "  Pliiluwrbiial  TraoEactions,"  1819. 

+  See  Dr,  Boure  Jnnes's  mluiible  sBrie*  uf  i'npois  in  tbe  "  Philo«)phi«J  TnuisirtitBi' 
for  1815,  1817,  lUiil  1M51,  mid  iu  [lit  "  Meilii'S-Cbinirgical  Tnuit«rtion»"  t-jt  i(>17  vi 
1850. —It  IS  cundDs  Iu  observe,  tbnl  nbilat  tbe  increase  ia  tbf  slkikliDe  |ih(i«|ili*Uitt 
InflaDiioatory  aSivtimiii  of  the  nenuiifl  tentres  is  verymKrkHi,  tben  ayipetn  tulxt  a  postAt 
dinUDatioti  of  them  jii  Delirium  Tri:nieD8.  A  vertniu  alluwuice  iDiijit  Ik  madck  bo«vT*, 
fur  tlie  aiietinciiev  Eruni  I'u-al,  wbk'li  vill  uf  itself  Dccuaioo  >  rciliictjon  in  Ihi  i 
exireteit. 
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ftrticlts  of  whiuh  tlivj  entpr  largely;  but  ho  lias  also  naoertained  that 
their  formation  within  tha  syaUjiii  i.s  lieterimoed  by  the  presence  of 
their  hsat's;  for  it'iiuy  wirthy  suit,  a  little  chloride  of  calcium  orsuljihntc 
of  magtiesin  for  iiisUiucc,  be  takeu  intutlieaj-nteiu,  the  quantity  of  earthy 
phoKphntes  in  the  urine  undergoes  on  iucreoae.  The  small  quautity  of 
cirbooatc  of  lime  token  iiito  the  system  with  the  foml,  or  set-free  by  the 
slow  distil tcgniti on  of  the  oaseuus  tissue,  is  probably  (ixcreted  in  Mau 
almost  entirely  in  the  form  of  phosphate;  although  of  the  much  larger 
amount  ingested  by  herbivorotis  animals,  a  considerable  proportion  is 
excreted  in  the  urine  in  its  original  state.  The  Earthy  Piiosphatea, 
aJthough  insoluble  in  water,  are  soluble  in  all  acid  liquids;  and  they  are 
held  in  solution  in  Urine,  like  the  unites,  by  the  acid  phosphate  of  aoda. 
Their  precipitation  in  an  alkaline  state  of  the  urine  is  owing  to  the  want 
of  this  solvent,  not  to  an  exeess  in  their  ]>roduction ;  for,  as  Dr.  Beucu 
Jones  has  pointed-out,  that  cxcetis  of  alkaline  and  earthy  phosphates  in 
the  iiriue  which  conatitutea  the  true  '  phoaphatic  diathesis,'  is  generally 
coincident  with  a  highly-acid  state  of  the  urine. — The  only  other  iuor- 
gaoJc  saline  conatituont  of  the  Urine,  whose  quantity  gives  it  import- 
aacc,  is  Chloride  uf  Sotlinm.  By  far  the  larger  proportion  of  tliis  is 
dflubtless  derived  dii-ectly  fwrn  the  food;  but  Uttlo  being  furnished  by 
the  disintegration  of  muscle,  which  will  set-free  potash  rather  than  stida. 
The  amount  eliminated  by  the  urine  ia  consequently  subject  to  great 
variation,  it  being  tlie  function  of  the  Kiibieys  to  remove  whatever  ia 
Ruperfluous.  ho  as  to  j)revent  the  blood  from  liccoming  overcharged  with 
thla  substance.  Of  the  chloride  of  sodium  intriKluced  as  food,  a  part 
appears  to  undergo  decomposition  in  the  system,  whereby  hydrochloric 
acid  is  furnished  to  thi.4  gastric  tluid,  and  aoda  to  the  bile;  much  of  this 
axAd,  however,  must  reunite  with  its  base  in  the  alimentery  canal,  so 
that  the  chloride  of  aodium  thus  regenomted  will  bo  absorbed  with  the 
producta  of  the  digestive  operation. — Although  A'ilrie  Acid  can  starcely 
be  regarded  as  a  normal  couptitueut  of  the  Urine,  yet  the  investigations 
of  Dr.  Beiice  Jone-s*  appeal-  to  show  that  it  is  formed  by  a  combuative 
process  within  the  body,  whenever  aniiuoniaml  salts  are  introduced  into 
the  system ;  its  amount,  however,  Ireing  very  small.  He  haa  also  found 
that  it  is  generated  after  the  ingestion  of  small  quantities  of  urea;  a 
fiict  which  aflbrds  some  conlirmation  to  the  doctrine  of  Freriuhs  (§  '11)9), 
that  uresi  may  imdergo  dccomjHiaition  into  cai'bonntc  of  ammonia,  whilst 
still  circulating  in  the  cunent  of  blooil, — -Tlie  (ireaence  of  Uxalic  Acid  in 
llio  urine  (in  combination  with  Lime)  has  been  uaually  I'egai'cled  as  a 
pathological  phenomenon,  conseipicnt  upon  an  in'egular  perfonnanco  of 
IbL-  retrograde  metamorphosiH  of  the  tissues;  but  there  can  be  no  iloubt 
that  it  may  also  result  from  the  presence  of  soluble  aalts  of  oxalic  acid 
in  certniii  articles  of  vegetable  food.t 

415.  The  ordinary  iidd  reaction  of  the  Urine  appears  to  bo  due,  not  to 
the  preaouee  of  any  free  acid,  but  to  the  conversion  of  the  home  phospliate 
of  soila  into  tlie  acid  phosphate,  by  tlie  subtmction  of  a  fiart  of  the  baee, 
which  occurs  when  uric,  hippuric,  lactic,  or  other  free  acids  come  into 

•  "  Phiiosciphiiail  TruDBBrtJonn,"  1861. — It  is  right  t<)  sUte,  bowerer,  tbat  thTa  cliwtrii.e 
Lm  \Kffa  oillod  in  que«lJ(kU  by  VLime  cmiDent  aathuriti^fl,  wbo  dt;ay  tJte  TAUdity  uf  the  teflt 
liir  niUic  lU^iil  vniplu^ed  by  Dr.  lIuDCC  JuuftR. 

t  Ei«  Dt.  Uulaiug  Bird  ou  "  Prinary  DcpouW." 
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coutoct   with   the   former  eubstaiice.      There   is  liO  adequate  realm  to 
believe,  that,  iii  the  heiUthy  state,  there  is  ever  luij  other  caase  lh»n'*ii«- 
although  Id  luorUd  urioe^  tree  orgaoio  acick  are  almost  certaiutjr  pcv-  i. 
It  has  hijcti  nhowii  \>y  the  rcsftorches  of  Dr.  Bence  Joue8,t  howetcr.  Com 
the  acid  i'(«(:tioii  id  fiir  from  beiug  constant  in  its  <legree,  t vcn  whm  M 
oi-diiuiry  iui]ted  diet  in  steadily  employed;  tor  tluit  it  varies  al  tbSirrMl 
periods  of  the  day,  increasing  and  docrensing  invtrifly  tctlA  thf  aeiiUy »/ 
i/ie  ttoiiiach  (§  'JH).     Thus  the  ac-IdJty  of  the  Urine  ilecr«a»t»  aom  dbar 
takiug  food,  whilst  that  of  the  Stomach  ii^  increasing;  itnd  altaiM  !■ 
lowest  limit  li-oiu  three  to  hve  hours  after  a  meal.  &e(|uently  giviD^)ili« 
to  an  alkaline  rea«7tioii.       The  acidity   theii  gradiuUly  iiicraun^  ikilCij 
that  of  the  stonuich  is  decreasing;  and  attains  its  highest  limit  itllrr»f 
i>f  eome  hours,  when  the  et'imach  is  quite  empty,  and  itti  secretioii  tn-nU 
If  uo  fond  be  taken,  the  acidity  docs  not  decrease,  hut  remaius  at  \ 
the  !ttime  {.loiut  for  teo   or  twelvo  houra.     When  uninial  food  wati 
employed,  the  diminution  of  the  uciility  after  a  meal  wi«s  niofw 
ftiul  continued  longer,  than  when  a  mised  diet  was  e.'iten  (A|>[i)umUj  i 
accouiit  of  the  greater  demand  for  acid  in  the  etomach);  Hud  the 
did  not  rise  quite  so  high  after  fiLsting,  sa  with  a  mixed  diet.     On  I 
other  hand,  when  the  diet  wns  purely  vei/ftnliU,  the  diminution 
acidity  of  the  urine  was  never  such  as  to  ivuder  it  absolutejy 
although   its  acidity  waa  reduced  to  the  point  of  iieiitrality ; 
increase  of  its  acidity  after   fastiug  was  somctiuies   very 
tliough  by  no  menus  so  marked  us  the  decrwise  of  allcalesoencK- 
iliumol  variatrious  in  the  ucidity  of  the  urine  make  it  highly  ['mbaUin 
corresponding  variations  occur  in  the  alkalescence  of  tlie  blood; 
diurnul  variations  being  produced  by  the  quantity  of  iicid  sejn 
it,  and  poured  into  the  stomach  for  the  purpose  of  dissolving  tb 
The  introduction  of  dilute  sulphuric  iicid  into  the  sto ranch,  even  inl 
doses,  wiia  not  fotmd  to  produce  aay  decided  change  in  the  aridirr  of  \ 
urine;  the  only  perceptible  effect  being  a  slight  diminution  of  the  do 
which  takes  place  after  taking  food,  and  a  slight  augnientatioa  I 
increase  aftor  fasting.     On  the  other  haoit,  the  nse  of  liquor 
lar^e  doses  lessens  the  acidity   of  the   urine,  preventing   it 
after  fasting  to  the  height  it  would  otherwise  attiiin.  and 
alkalescence  after  a  mcul;  but  it  does  not  render  the  urine  by  any) 
constiiiitly  alkidine,  nor  does  it  hinder  the  variations  prodiicrd  by' 
state  of  the  stomach  from  lieiiig  very  evident.     Tartaric  acid  in  I 
doseti  temporarily  iucivasod  the  acidity  of  the  urine,  causing  it  to  i 
eonfliderabiy   higher   than   tisiia)   alter  a  iiist,  but   not   preventing 
which  is  passed  a  few  hours  after  food  from  becoming  alkaline,      Ta 
of  [•ota^h   in  large    doses,   on    the  other  hand,  has  a  marki-d  vffftl  ^ 
i-endei'iug  the   urine  alkalescent ;    still,  it   does  not  prevent  the 
recurrence  of  the  acidity  some  hours  after  a  meal. 

41C.  The  Urineof  Herbivorous  animHifl  is  almost  in»TU-i«blyi 
partly  hecauBO  their  food  contains  a  large  quantity  of  alkaline  and  i 
bases,  in  oombination  with  citric,  tartaric,  oxalic,  and  uther  acidi. ' 
are  decomposed  within  the  system ;    and  partly  because  ihe  amount  d 

*  SeoProf.  Lebnuuin'a  "  Phjiiological  Ctteuuutij, "  (CsTKudiiih  6iMHtT'*K^>  ^* 
pp.  404-40(1. 
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Ipnuric  and  phosphoric  itciils,  generated  as  products  of  the  oxidiition  of 
the  ek'iiii--nts  of  th;;  ti-wues  i.ir  of  tht-  sur|'lii8-fiK«l,  in  not  sufficient  to 
neu trill i;»;  them.  Such  is  the  conJiticm  which  occasions  the  alkalinity  of 
HuiuiHi  Uriue,  whi'n  a  iKirtion  of  the  iicid  wluch  would  otherwise  ahow 
a  pnrdomiuaiice,  is  ilii-ected  into  anothf r  channel ;  and  it  is  tia^erateii 
ill  those  states,  in  which,  either  from  the  irritating  nature  of  the  food, 
or  from  the  in'itahk-  condition  of  the  stomacli,  an  undue  quantity  of  acid 
is  [>ourcd-ont  into  that  viacus;  80  that,  its  reaction  being  habitually  acid, 
that  of  the  nrine  becomea  luibitufllly  alkidine.  Such  a  tttate  of  the  uriiie 
must  be  carefully  diBtiuguiabed,  us  Dr.  Bencu  Jones  has  pointed-out,* 
trom  that  in  wlu<ih  the  ulkiileaceuoe  is  due  to  the  presence  of  mUUiie, 
and  not  to  that  oi Jixetl  alkidi;  tbe  difi'erence  being  easily  i-ecogniiable 
by  the  influence  of  the  liijujd  upon  reihleaed  litmua-pajier,  for  the  roato- 
ratiou  of  its  blue  colour  is  perniajiunt  in  the  latter  case,  but  only  transi- 
tory in  the  former.  The  alkalescence  due  to  the  presence  of  volatile 
alkali  is  due  to  the  decomj>oHition  of  urea,  whilst  the  urine  is  yet  within 
the  blaiider,  thitiugh  the  agency  of  morbid  secretions  of  that  viscus ;  and 
it  disaj'jwars  when  this  organ  returns  to  its  healthy  state.  On  tlie  other 
hand,  the  alkuleseence  from  fised  alkali  proceeds  from  disordered  action 
of  the  8loma«h,  which  is  ii.'fiially  connected  with  tUsorder  of  the  general 
i^atem;  and  it  pci-^istti  until  this  can  be  remedied.  In  both  forma  of 
Mkaleacence,  there  is  a  precipitation  of  eurthy  phosphates;  hut  iii  the 
alkiJesccnue  &om  fixed  alkali,  the  pi-ecipitatc  usually  consists  almost 
entirely  of  phosphate  of  lime ;  wlulst  in  that  fivua  volatile  alkali,  the 
nuiorphous  sediment  of  jihospliatc  of  liuic  is  mingled  with  prismatic  erya- 
taU  of  the  phosphate  of  ammonia  and  magnesia.  These  procipitatea 
may  be  obtained  fi'om  healthy  urine,  by  adding  to  it  a  solution  of  potjish 
or  uf  ammonia;  and  the  decomposition  of  such  urine,  wliich  begins  to 
late  place  veiy  soon  afl«r  it  leaves  the  body,  gives  rise  to  the  aanie 
lirecipitation,  by  the  prc)duction  of  carbonate  of  ammonia  at  the  expt'uae 
uf  ite  urea. 

417.  A  very  important  series  of  experiments  has  been  performed  by 
I'rot  Lehmanu,  with  a  view  to  detei-miiie  the  influence  of  diet  upon  the 
oonstitutiou  of  the  Urinc^ln  the^V«(  set  of  these  experiment,  he  adopted 
an  onlinary  tn-iced  diet ;  but  he  took  no  more  solid  or  liijuid  aliment,  than 
was  needed  to  appease  hunger  or  thirst,  and  abstained  from  fermented 
drinks.  Every  two  horn's  he  took  exercise  iii  the  open  air,  but  he  avoided 
iuimodei-ate  exertion^ of  eve i-y  kind.  The  average  result  of  the  examination 
of  the  Urine  passed  nnder  these  circunistancca,  for  fifteen  days,  is  given  iu 
tilt-  first  line  of  the  sulBcqneut  table. — In  a  ircuiui  set.  Prof  L.  lived  for 
twelve  days  on  an  exclusively  animal  diet;  and  for  the  last  six  of  tliese, 
it  coushitcd  solely  of  eggs.  He  took  32  eggs  daily;  which  contained 
2J29  gruJBS  of  dry  albumen,  and  2431  grs.  of  fatty  matters;  or  alkjut 
3532  grs,  of  carbon,  luid  465,J  grs.  of  azote.  The  aincnmt  of  Urea  is 
shown,  in  the  second  line  of  the  table,  to  have  uudecgone  a  very  large 
iiicreaiic;  and  it  conl«inod  moi-e  thiui  iivci-sixtli.i  of  the  whole  azote  in- 
geated. — III  u.  Ihifd  set.  Dr.  L.  lived  for  twelve  days  on  a  veyclable  liict ; 
and  ile  effect  ujhjii  the  solid  matter  of  the  Uruie  is  shown  in  the  tliinl 
line  of  tlic  table.^Ui  a  fourth,  he  lived  for  two  days  upon  an  wiKtw(i=ei/ 
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tUet,  conHiating  entirely  of  pure  fariimoeons  and  oleaginous  aubatancca ; 
BO  that  the  azotized  mutter  of  the  Urine  miist  have  been  solely  the  result 
of  tile  (iiBiutegration  of  the  tissues.  It  la  seen  to  iindergo  a  very  marked 
(tiniiiiution,  luider  this  regimen ;  as  ia  shown  in  the  fourth  line  of  the 
tulile.  His  iieaJth  was  bo  soriouBly  afitcted,  however,  by  this  diet,  that 
he  wiLS  tuiubic  to  continue  it  longer. 


So/Id  Matlcri. 

Vrta. 

r™  AtAi. 

I. 

n 

III. 

IV, 

Mined  diet      .     lCH7*Hgr». 
Auiuioldiet    .     1350-07   „ 
VegeUkble  diet         m4*6e   „ 
Non-AiotUed  diet  643-63   ,, 

soi-7ng™, 

821-37  „ 
347-10   „ 
237 -UO   ., 

]a-2«gra. 
22-S2   „ 
15-77   „ 
11-34   „ 

IDO-tiSgra. 
112-80  „ 
29.1 -as  „ 
204-48  „ 

Tlie  following  inferences  are  drawn  by  Prof.  Lehmanii,  from  these  esjwri- 
meuta: — 1.  Animal  articles  of  diet  augment  the  Solid  niattera  of  the 
Urine.  VegetaMe  substances,  aud  still  more  such  aa  lu-e  deprived  of 
azote,  on  the  contrary,  diminish  it. — 2.  Although  TJreu  is  a  product  of 
thedecompositiouof  the  organism,  yet  its  proportions  in  the  urine  deiwiid 
iilso  on  the  food,  for  we  liiid  that  a  riclily-azotized  diet  considerably 
augments  its  <[uantity.  In  tlie  above  oxperinients,  the  jiroportion  of  the 
Urea  to  the  other  solid  raattera  wa«  (LS  100  to  11(5  on  a  mixed  diet;  aa 
100  to  03  on  au  animal  diet;  u3  100  to  Kil!  ou  a  vegetable  diet;  sud 
(w  lOU  to  170  on  a  non-azotized  diet. — 3.  The  quantity  of  Crie  add 
depeuda  less  on  the  nature  of  the  diet,  than  on  other  eircumstauces;  the 
(liffei'encea  observed  in  it  beiug  too  alight  to  warrant  our  asciibing  tliem 
solely  to  the  former  cause. — i.  The  Protein-compounds,  and  conaeijiiently 
the  azote  of  the  food,  arc  absorbed  in  the  intestinal  canal ;  and  what  ia 
not  employed  in  the  formation  of  the  tissues,  ia  thrown-off  by  the 
Kidneys  in  the  form  of  Urea  or  Uric  acid;  these  organs  being  the 
chief,  if  not  the  sole,  channel  through  which  the  system  frees  itself  of 
its  evcess  of  azote, — 5.  The  urine  contiuns  quantities  of  ^iilji/uilgt  and 
I'lumfliate^i  proportional  to  the  azxitized  matters  which  have  been  ab- 
sorbed; and  the  proportion  of  tixvse  salts  is  sensibly  incren,sed  under  the 
use  of  a  large  amount  of  those  substances. — -6.  In  the  same  circum- 
stances, the  Bx/raclifii  vvUleris  diminish,  while  their  quantity  is  inci-eased 
by  the  ust'  of  Vegetable  diet;  a  fact  which  proves  the  influence  of  vege- 
table aliment  over  the  production  of  these  matters  in  the  urina — 7.  The 
uriue  utter  the  use  of  auiiual  food  has  a  strong  acid  reaction,  but  coutnins 
little  or  no  lactic  acid  and  no  hipjmric  a6id  Under  a  vegetable  diet 
there  is  more  lactic  acid,  but  it  is  united  to  bases;  and  a  large  proportion 
of  the  free  acid  diBajiiJeai-s.' 

418,  Thus,  then,  we  have  seen  that  the  Kidneys  serve  as  the  special 
instruments  for  depurating  the  Blood  of  those  highhj-asotized  compounils, 
which  are  formed  in  the  system  by  the  decomposition  of  the  materioJa  of 
the  albuminous  aud  gelatinous  tissues,  and  also  by  that  of  the  non-assi- 
milated components  of  the  food.  We  have  seen  also,  that  they  serve  for 
tlie  removal  of  certain  cxcrementitious  compounds,  of  which  carbon  is  a 
principal  iugi-edieut ;  aud  these,  although  normally  present  in  but  stauM 
amomit,  may  undergo  a  marked  iucre-ase  in  disease,  especially  when  the 
liver  ia  iiisuflicieutly  performing  its  functions,  or  the  resjjinitJiry  process 
is  obsti-acted.     Further,  we  have  been  led  to  rpgani  the  Kidneys  as  the 

*  "  Phyriologiatl  Cheraialrj"  (C»Teuduili  SociMf's  Ed.},  lol,  iL  pp.  450-493, 
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eraunctory,  not  only  for  the  Buperfliious  water  of  the  blood,  but  also  for 
those  saline  compounds,  which,  Imving  been  introduced  into  the  sj-siuid, 
or  gt-norated  within  it,  in  larger  amount  than  is  compatible  with  tho 
normfti  constitution  of  tho  blooii,  or  thnn  is  required  for  the  vejMUiition 
of  the  solids  of  the  body,  or  for  the  production  of  its  fluid  seeretioiis, 
are  only  fitted  for  elimination  (§  21()).  On  this  [loint  ii  very  elaborate 
aeries  of  rcseitrchcs  was  made  by  Wiihler,*  who  showed  that  of  the  soluble 
iMlta  taken  into  the  eiivuliition,  tho*e  are  most  readily  excreted,  wliick 
produce  a  dytc  mil  nation  of  blood  towards  the  kidneys,  whereby  an  in- 
crcoAed  quantity  of  liquid  is  tilt«?red-otr  through  the  outlet  which  they 
afford.  This  stutement  is  to  be  extundt'd  from  saline  compoiunL^,  to  sueh 
other  soluble  matters  ajt  are  not  olimiuuttd  liy  pi-efcrenee  through  otbeT 
channels,  or  are  present  in  too  large  -an  amount  to  find  their  way  out 
tbenou  with  auflioiont  rapidity.  Thus  we  have  seen  that  when  Sugar  is 
injected  into  the  blood  in  HufBdent  quantity,  it  appetirs  in  the  urine 
{{  13^))  and  the  SAme  result  may  occur,  either  from  the  introduction  of 
tMs  lubatAnoe  in  excewive  amount  by  ubsorjitiou  from  the  alimentary 
canal,  or  from  the  undue  production  of  it  within  the  system  ({f  403), 
CBpecially  if  at  the  same  timi^  the  proeesB  of  Respiration,  by  which  it 
is  norm&lly  disposed-of  as  fast  oa  it  ia  foiTned,  should  be  retarded  or 
ai&ebled.t  The  snme  may  be  said  of  I^A^ic  acid,  which  is  not,  any  more 
(luin  Sugar,  u  normal  constituent  of  the  Frine;  but  which  not  unfre- 
quuutly  apiK-ars  in  this  excretion,  in  const^uence  of  ita  being  generated  in 
.the  system  faster  than  it  can  bo  decomposed  by  oxidation  and  elimiunted 
y  the  reaiiimtory  process.  In  like  manner,  too,  the  system  makes  an 
effort  to  free  itself  (so  to  speak)  from  various  substances  altogether 
foreign  to  it,  which  have  Iwcn  inti-oduced  into  the  circulating  current  liy 
absoi-ption,  and  which  wotdd  be  injurious  if  i-etained;  the  rate  at  which 
it  docis  so,  lieing  in  a  great  degree  dependent  upon  tlio  (tmctional  nctivity 
of  tlie  Kidneys  (Jj  2-»3.  2ii). 

419.  It  is  a  most  imjioitant  fact,  in  a  Dietetic  uid  Tberepentic  point 
of  view,  that  the  metauiorjihio  process,  of  which  the  greater  part  of  the 
constituents  of  the  unue  are  the  products,  ahoidd  be  capable  of  retarda- 
tion or  of  acceleration  by  the  presence  of  other  sulwtanciis  in  the  blood. 
The  former  appears  to  be  tho  operation  of  theine,  which  ia  the  active  [iriii- 
ciple  of  Tea  and  Coffee;  for,  according  to  thei-ccent  obaervations  of  Dr. 
BocberJ  upon  the  former,  anil  of  Dr.  Julius  LehmannJ  upon  the  latter,  a 

irerv  decided  decrease  shows 'itself  in  tbe  amount  of  urea  and  of  phos- 
|>horio  acid  eicreted  in  the  urine,  when  these  beverages  are  employed,  as 
•  ■'  MrdltrB  EltnwnU  of  Pl.jBioliify,"  Irenslnttd  hj  Raly.  p.  6S9. 
t  tt  muKt  lie  cuufeueJ  ihitt  thi.>  rationitle  uf  tho  rciunrk]it>le  fni't  first  discovered  b; 
IL  0»ade  Bernard  ("Ihuelto  Miilicale,"  Jnin  2,  J849),— Ihal  irritntioD  of  the  (Irwr 
tf  \b»  fourth  reutricle,  h;  paucluTe  or  b;  n  alight  galraoit)  abock,  «iuiK«  Ibe  nriiii'  tu 
lawnic  nocbarinc,  whilst  a  mon  •wore  leaiun  cbeelu  the  eliminalioD  iif  iragiLr,  appnrtDtl; 
hj  rt"pi)log  i"  prwIuptioB,  —ban  nut  jel  becu  fullj  made-out.  NeiurtlieleM,  the  (talement 
in  tie  tert  may  proliiiblj'  be  aooopled  »  repreuentiug  a  pari  of  tlie  trotli  Qpuu  this  curiiina 
mbjert,  (Sl*  Rj-jntno  in  "Comptci  Rpodiis,"  loin,  uniii,  univ ;  Micbfn.  op.  dt..  lom. 
iniii.;  Dedbsmtire  in  ">3iiioHc  McJioale."  1S6S,  No.  H;  Dr.  t.  Beiile  in  '■Rril. 
and  For.  U«L-CLir.  KeT.."  vul.  li.  p.  1U<I ;  uid  PiDf.  LuhuuuiD  Lu  Itis  "  FbyBintugiMhen 
Chimir,"  Sod  «iliL,  bami  ti.,  pp.  217,  375, 

;  "  AnhiT.  dm  Verein*  flir  gemeinachaftlicben  Atbeitea  lur  Fiicderiuig  dat  Wiswn- 
KbaftlLrhcD  Ueilkuude,"  1S54. 

I  *'  Anoalcn  det  Clicin.  iii"l  rhnnn.,"  Ittud  Ixxxrii. 
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compared  with  the  amounte  of  the  same  substances  when  the  guneral 

regiiQun  waa  as  ueurly  as  ]xiS3ilile  identical  in  otlicr  respects,  but  plaiit 
wattir  was  Rubstituted  as  a  driuk.  The  (liifereiute  in  much  greater  iii 
tile  uast!  of  C'oilee  tliou  in  that  of  T«a,  amounting  gonui'oUy  to  aa  much  ax 
oue-fourthj  thus: —  ' 

U»ft.       PboAphnria  *cid.  ConmxoD  Halt, 


H.  9.,  withont  foSee,  voiileil     .     .     . 
„      vitli  coffee  from  IJoi.  ofbeuia 

Differesoe    .     .     . 


gramntn, 
31  -S»S 
21-83g 

B-410 


4-421 
3-001 


9'SSG 
8-819 


i-4ao 


1-04S 


It  appeared  IVodi  nthiar  experiniGiib),  that  neither  calTeine  nor  the  empy- 
reiimatic  oil,  separately  adininiHttrM,  produce  the  same  effect  ns  coffee 
itsol£  Hence  it  appeare  that  the  use  of  Tea  or  Coffee,  by  retarding  the 
'  waste'  of  the  system,  diminislies  the  demand  for  food,  and  makea  » 
limited  amount  of  it  go  tiirther;  and  this  coucluiiinn  Heenia  fully  borne 
out  by  experience. — Tlie  like  reaidts  happen,  acc)rdiiig  to  Dr.  Booker,* 
tinder  the  use  of  small  qnaiititieH  of  Alcohol  freipnmtly  repeated;  as  much 
aa  13J|  gi-ammea  less  urea  being  excrct<^  daily,  when  a  ten-9iHx>nful  of 
proof-spirit  was  taken  Hevou  or  eight  times  a  day,  tlian  when  water  alone 
was  drank.  '  It  doea  not  hence  follow,  however,  tliat  Alcohol  can  be  used 
tiB  advantageously  for  this  pm-poae  as  Tea  or  Coffe<; ;  in  fact,  it  may  be 
doubted  whether  it  is  so  much  by  diniinishiug  tbo  "  waste '  of  matter,  oa 
by  iuterferitig  with  the  due  eliiuinatiou  of  its  products,  that  Alcohol 
occasions  a  diminution  in  the  weight  of  the  urinary  aoliila.  For,  aa  we 
have  seen  (§310  vi.),  it  interposes  a  marked  obstruction  to  the  due  oxida- 
tion of  the  oxcrementitious  matter,  which  has  been  received  back  into 
the  blood  for  the  purpose  of  elimination,  anil  to  the  removal  of  the  hvdii.i- 
carbonaceous  portion  of  it;  and  further,  very  eogent-evidonce  is  supplied 
by  the  experience  of  Zymotic  dineaBes,  that  the  very  aime  cause  producei 
an  accumulation  of  fermentable  azotized  substanoea  in  the  blood  (J  G5). 
— It  seeniB  not  uidikely  that  the  almost  iiiatinctivo  ci-aviug  for  Tobacoo 
among  a  large  proportion  of  mankind,  arises  out  of  its  possession  of  a 
power  of  retarding  the  metamorjibosis  of  the  tissues;  since  we  hud  that 
men.  when  supplied  with  this  article,  can  far  bi'tter  snatain  being  put 
upon  a  short  allowance  of  food,  tlian  when  destitute  of  it. 

420.  (.>f  the  BubBtanoce  that  accelerate  tlie  metamorphosis  of  the 
tiaaucs,  and  thus  augment  the  solids  of  the"  urine,  tlie  Alkali™  and  their 
carbonates  are  those  whose  action  is  best  known;  these  (with  such  of 
their  snlta  aa  are  formeil  by  aciiht  which  are  dooompoaed  in  the  blood  into 
the  carbonic,  such  as  the  acetates,  tartrates,  and  citrates),  have  a  }>owertul 
solvent  action  on  the  albuminous  compounds  generally,  and  tend  to 
break-up  these  compoun<k  into  simpler  forms  of  combination.  Hence  it 
seems  liicly  that  their  preaenoe  in  the  Blood  in  increased  amount,  will 
tendtohnsten  the  retrograde  metamorphosiaof  the  tissues;  their  chemical 
force  beiug  exerted,  not  merely  upon  those  which  are  already  in  a  stat*- 
of  disintegration,  but  abo  upon  those,  which,  being  disposed  to  de^euerate. 
cannot  exercise  that  resisting  power,  which  they  jiossess  wlien  in  a  ^tjile 
af  complete  vital  activity.     The  operation  of  Liquor  Potuass  in  health. 


I 
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*  Op.  dl.,  18S3. 
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in  aciito  rheuniatiKm,  taxA  in  chronic  iliseaaes,  haa  been  rarefitlly  shi<li<^ 
hy  Dr.  Parkesj*  and  be  liaa  givpii  Batiafactory  evidence  that  it  oatiBes  lui 
iniTCAse  in  the  Boliils  of  tho  uriiiy  generally,  but  esjiecially  in  tliB  urea 
and  in  tliu  atiioimt  of  the  sulphuric  and  phosphoric  acids;  thus  clearly 
showing  thnt  it  haatena  the  metamorfihosis  of  some  of  the  albuminous 
irtnictuna  of  tlie  body.  The  increase  vms  more  nia,i-l;ed,  as  might  be 
expected  from  what  liaa  been  just  stilted,  in  the  cnaea  of  chronic  djaeuse, 
than  in  oriliuary  hi-alth.  The  fi^llowiug  comparative  tallies  show  the 
relative  amount*  before,  durii!;;;,  and  after,  th«  employmeut  of  liquor 
[Kitaasie,  in  (l.)  a  case  of  chronic  Eczema,  B.ud  (u.)  a  cnae  of  chronic  Phthisis: 

1.  Saliilt.  rVH.  AriJ.  Jriil. 

Before  Liq.  Pot.       ....     flflO-l  371-3  211-2  ll)-(l 

During 888'8  4S4-fl  83'6  Ifi-* 

After Mr-2  ST2'8  as-O  10-8 

n. 

Before  Liq.  Pot, eOS-2  808-8  I8-«  B-9 

During 781-7  40S'S  20-0  US 

After C*3-B  271-B  lO'B  »-7 

Admilar  Table  has  been  given  by  Dr.  Golding  Bird,t  of  the  entire  con- 
■titueuts  of  the  seci'etiou  giaased  during  24  liourM,  before  and  after  the 
ndministration  of  tliree  drachms  of  acetate  of  potash: — 

yiuiiititj  iif  Crina fl3"i>  fl  5  I'vi. 

Si«i5ilii:  Oraritj I -026  l-fil" 

T'lUil  iS.,liiU fl8g™.  782  gre. 

Urio  AciU 2-8 gr«.  Bfi 

Cm lSO-6    „  202-i 

Other  OTEBnii:  CumponDilii       .      ISS'S    ,,  206-6 

Soliiblc  SnlU 72-0   „  24S-4 

IiuolubJc  Salts 21 '8   „  32-3 

He  increase  (17<;-4  grains)  in  the  quantity  of  "soluble  Kvlts,"  is  to  he 
d£efly  set-down  to  the  account  of  the  medicine  takcn-in  ;  but  the  whole 
remainder  of  the  augmentation  soeiiiH  fairly  attributable  ti)  tile  increaa*^ 
metiimorphosis.  A  certain  degnw  of  Huch  inoreasi!  is  producible  by  the 
simple  ingestion  of  a  large  amount  of  Water;  J  ao  that  this  ia  by  no  meana 
to  inoperative  as  it  might  nt  lir»t  sight  appear,  iti  cleansing  and  piiriffing 
(so  to  speak)  the  penetralia  of  the  system. — It  doea  not  api«ir,  however, 
tluit  the  excretion  of  the  urinai-y  solids  is  augmented  by  those  'diuretic' 
metlicines,  which  caii.<ie  a  larger  amount  of  liquid  to  be  |iaeseil-otf  through 
the  Kidneys,  merely  by  determining  an  inereased  flow  of  blood  to  them. 
On  the  contrary,  it  would  eeem  as  if ,  by  producing  congestion  and  irrita- 
tion, they  sometimes  interfered  with  the  normal  process  of  secretion ;  bo 
that  the  qiumtity  of  aolid  constituents  is  actually  decreaawl,  notwith- 
BtAuitiug  the  lai'gc  augmentation  in  the  watery  part  of  the  urine.  This 
very  important  fiict  has  been  demonstrated  by  Prof  K.r7ihmer,§  who 

•  '■  Drit.  and  For.  Med.-Chir.  Review,"  viils.  li.,  ijii.,  liv. 

t  !<ee  hi«  '  Livtures  on  tliu  Indnence  of  R<M)(iori:hea  In  Orgtuiio  Chemistry  ua  Tlivra- 
pentin,'  in  "MisUcal  Qalellj^,"  1818,  ™l.  ilii.  p.  230. 

;  ^W  Dt.  Bueken,  Jo  -  -  Zeiudirift  Uer  K  K  Gewlliohift  dn  Alttw  (D  Wten, "  April, 
ISSI. 

I  "neUer'sAnrLiT,,"  Dw.1847. 
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p'ras  the  following  as  the  result  of  liis  oliservations  Upon 
exoreted  in  '2i  liuurs,  at'tcT  tlie  lulniiiiistnitiiia  of  ilitiK-tiw 
hcaith:— 


Mf Heine  firtn. 

Kone  .  .  .  , 
Jumper  .  .  . 
Venice  Tur]>efitiiiG 
Sqaill  .... 
Di^taLie     ,     .     . 

Ousiacuia 3'43  „ 

CDlcbieum       ....     2-3S  „ 


in  Cfvn, 

3'IO-'>. 
•J  12  „ 
M'4  ., 
a-25  „ 
2*8  ., 


1-28  M. 

OW  „ 
MI  .. 
1-Ot  ., 

1-aa  ., 

138  „ 
1-36. 


Similar  reaults   Love  bpen  obtAuied  by  Dr.   GoWing    Binl. — II 
highly  probable  thut  the  'critical  evtieiiatioiis '  of  mine,  a»  of  mi 
fiecal  matter,  on  which  the  older  physicians  were  a«>ustciined  to  Ujl 
atreas,  are  really  charged  with  noxious  substances,  of  which  th*  ' 
thi^  depurated ;  and  tljat  great  benefit  would  frequently  arise  in  [ 
from  the  iiae  of  the  '  alterative  'iiuretics,'  as  suggested  by  iJr,  (1.  j 
whore  (as  in  chi^onic  rheamatism,  gout,  Jtc.,)  there  is  mneoii  lo  \ 
that  a  quantity  of  mal-aj^similated  matter  cxisbi  in  the  sy^tt^m.  »ri 
it  is  important  to  get-rid,      tn  many  such  cases,  indeed,  elinii'. 
tion  had  already  established  the  benefit  deri^'ablu  from  such  u.. ..... 

without  affording  the  rationale  of  it. 

4. — Of  tlie  Skin; — Cutanetnig  TranapinUwn. 

421,  The  Skill  is  the  seat  of  vaiioiu  secretiona, — as  the 
Ceruminous,  and  Odoriferous,— for  each  of  which  it  b  provided^ 
special  organs  (PitiNC.  of  Gen.  Phts.);  but  these  h&re  n&renoei 
to  its  own  protection,  or  to  some  other  foca/  purpose;  and  the  onljM 
which   can  be  regarded  iks  tnily  exereTneniitimiii,  is  the  Tran^pimtia 
aqueous  tluid,  holding  certain   matters  in  solution.      The  elimii 
this  fluid    from   the    bloiMi    is    effeetud    by  the   Sadirrii>aroHt  gli 
(Fig.  74),  wMch  essentially  consist  of  long  convoluted  tul:>wi  (ii,  <i,)i 
idagle,  but  usually  multiplied  by  repeated  dichotomous  subdivina 
sometimea  also  giving-otF  short  ciecal  processes  before  their  temiin 
These   are  seated   lutlier  beneath   the  Corium,  in  the  midst  uf  tWt 
cutaneous  adipose  tissue,  than  in  the  substance  of  the  akin  itselt 
the  tubuli  of  each  gland  unite  bo  as  to  form  but  one  duct;  and  tliisi 
upwards  through  the  Cutis  and  Cuticle,  in  a  somewliat  cork 
manner  (c),  to  open  upon  the  surface  of  the  latter  (</),  wluch  it  ■ 
reaches  obliquely,  so  that  the  outer  layer  of  the  Epidermis  forms  a  j 
little  valve,  which  is  lifted  by  the  secreted  fluid  as  it  issnes-forth. 
giandula!>  are  diffused  in  varying  proportions  over  the  entire  snrfaoe  ( 
the  body.     According  to  Mr.   Enismus  Wilson,"'  as  many  tm  3528 
them  exist  iu  a  square   inch  uf  surface  on  the  p:dm  of  the   hand; 
since  every  tube,  when  straightened-out,  is  about  a  quarter  of  an  iuclii 
length,  it  follows   that,  in  a  square   inch  of  skin  from   the  pidu  nf 
hand,  there  exiifts  a  length  of  tube  equal  to  B82  inches,  or  73^  feet,i 
number  of  glaodulie  in  other  parts  of  the  Skin  is  aometjines  j 


*  "Oa  UteHuageiDeDtaftlieSkiii,"  Sldxlit.  p.  37. 
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lenklly  less  than  this ;  aud,  actxirdiiig  to  Mr.  WUsou,  about  2800 
may  be  taken  as  tho  avera^  ounibor  of 
pores  ill  each  sqnai-e  iDoh  tki-oiigliout  the 
body.  Now  the  number  of  squure  inches 
of  surface,  iu  a  man  of  ordinary  stature, 
is  about  '2M0 ;  tlie  total  number  of  pores, 
therefore,  may  be  about  iieven  millions; 
and  the  length  of  the  pei^piratury  tub- 
ing would  tbiis  be  1,570,000  inches,  or 
U5,S33  feiit.  or  48,611  yai-ds,  or  nearly 
28  miles, 

■122.  Although  a  separation  of  fluid 
by  this  oxteiiaivo  glaii(luliir  apparatna  is 
oontinimlly  taking- place,  yet  tliia  fluiil, 
being  UHimlly  uirrietl-otT  in  the  form  of 
VBpoui-  as  fast  aa  it  is  separated,  docs  not 
ordinarily  accumulate  so  as  to  beoome 
senaibla  If,  however,  from  the  increased 
amount  of  the  secrotiou,  or  from  the  con- 
dition  of  the  surrounding  air,  the  whole 
floid  thus  poured-out  should  not  evapo- 
rate, the  residue  fornw  minute  drops  upon 
the  suri'ace  of  the  Bkin.  Tlius  the  Siido- 
riparouH  excretion  may  take  the  form 
either  of  ieiisihie  or  of  innciigible  trans- 
piration i  the  latter  being  constant,  the 
fonneroticaxioual. — It  is  difficult  to  obtain 
enough  of  this  secretion  for  analysis,  free 
from  the  sebaceous  matters,  epidermic 
scales,  ite.,  wliicli  acciimuliite  on  the  aur- 
&ce  of  the  skin ;  nud  its  character  can 
only,  therefore,  be  stated  ajiproximately. 
It  usiuilly  allows  an  acid  reaction,  which 
8e«nis  due  to  the  presence  of  acetic  acid; 
and  l«  this,  or  to  lactic  acid,  wo  are  pro- 
bably to  attribute  the  sour  smell  which 
it  has,  eHpeuially  in  some  thsordered  states 
of  the  system.  The  proportion  of  solid 
matter  eontauied  in  ditferent  Bpecimena 
dificra  very  greatly;  thus,  according  to 
Anselmino,  it  varies  between  0  and  12-0 
partB  in  1000 ; 


loot);    the  recent  obftervationa  Ol    lort*d   tuhn,   oompi >*in[r  Iho   eland,   mnd 

Favre*  give  4-43  parl«  i^r  1000  ai.  the  ^ll^;;;  r  ^'iS'::;:!";^;,  M'^ 


the  fauid,  Dibgiutii-d-tiidiAih.^— 'J.  HI,  {'DD. 

■    mnd 

.    .       I'h 

. ..     .,  ■  A^iirnl  Ltnai  llitl  jKTforJHflH 

protKjrtiou  containe<I  in  niiarly  nine  gal-  thi'uiiiiisruiisiir.muioiwMiiDiinurfruu 

1  1   ■    ,     ,       1_      ,        11      .      1  1  '1    t  *u  »I  Jr  Ihp  eland  ifl  uiibpdJM  ill  fit-YOBido*, 

lona  wluch  he  had  collecUHl ;  whilst  those   ,]„^  ^„.„a  u,  1. 1. 
of  Sehottint  raise  it  aa  high  as  22"4  parta 

per  1000,  of  which,  however,  13  parts  consist  of  epithelium  and  insoluble 
matt«rij.  The  greater  part  of  it  conaista  of  organic  matter,  the  larger  pro- 
portion of  which  ap^iears  to  bo  a  protciu-compoimd  in  a  state  of  incipient 

•    '•A^ali^.  GunCr.  do  M«d.,'*  1S53,  5icmc  S6r.,  loni  ii.,  pp.  1-13, 
+  '■  AnJi.  Tiir  phjuuL  HuiUiDii'le,"  banii  U.  pp.  73-104, 
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deeompriBition ;  urea,  howerer,  has  been  iletecleil  in  t>iis  [iroJiirt  hy] 
LutitU'rer  ;*  and  liia  observntious  are  coulinm'd  liy  Fiivri'  (liv,  i-it  |,  it 
DousiUers  Unit  it  is  upon  the  prtsenoo  of  thu  or  a  aimiUr  siibnlADcr,  i 
the  readiness  with  which  the  fluid  becomeR  alkaline  de[i'*iiik.      tvh'.tt 
however,  failed  in  detecting  urea  in  normal  sweat ;  but  lie  ri'innrltai  I 
in  iinrniia,  especially  when  occurring  in  cases  of  cholera,  t-oiisiJ 
quantities  of  this  substance  pasa  into  the  cutaneous  ttanflpirntinn,  «« 
even  to  form  a,  thin  bluish  pulvenilent  layer  on  the  dead  liody, 
remaiDder   eoosiats   of  saline    compounds;     of   which    the    chhiriilrt 
potassium  and  sodium  appear  to  be  pretty  constantly  jire^'nt, 
muriatfl  of  ammonia,  alkaline  phosphates,  free  acetic  and  biitvrici 
and  acetate  of  soda,  have  also  been  said  to  occur  in  it.     Tlie  prr»nTiiT  i 
lactic  acid  is  affirmed  by  FA^TC,  and  denied  by  Schottin:  tlir  fun 
observer  also  aflirnia  that  he  hna  discovered  a  new  nitrogenous  iitid  io  I 
excretion,  to  which  he  has  given  the  name  of  hydrolir  or  »"<iuric  nriiJ 
The  profiortion  of  solid  ingrcilients  would  probably  W  t'oiiuU  Urgirj 
the  true  secretion  of  the  Sudoriparous  ghmdu,  if  we  ba-l  tht  mi'imtl 
collecting  it  sejMii-ately  i  for  of  the  whole  fluid  which  [«i^ 
surtace  of  the  skin,  only  a  portion  can  be  properly  s«iil  !■  i  i  . 
these  glitnils.  a  large  [lai't,  as  in  the  case  of  the  Kidneys,  being  iiiiti 
the  product  of  simple  traiu^idntion  (§  406).      It  will  be  this  |i«rt' 
will  undergo  augraentatiou,  when  a  speclnl  determination  of  himd  i 
the  skiu  is  produced  by  ei^tornal  hent;  and  there  is  no  mor«  mmil 
think  that  au  increase  in  the  amount  of  linHd  matter  thus  excnUd  i 
induced  by  such  agency,  than  that  an  increase  in  the  solids  of  the  \ 
can  Iwt  detennibsd  by  ordinary  diuretics  (§  420).     Hence  tlie  deliilit 
effects  commonly  assigned  to  profuse  ]jerspirationa,  miist  be  atlribut*d1 
Home  other  causes ;  and   these   it   does  not  seein-  very  iliflieult  tu  1 
Thus,  the  gi'eat  fatigue  which  is  experienced  as  a  con.-tetnience  of  tun 
exertion  in  a  lioateil  atmosphere,  may  fairly  be  set-down  to  tli»| 
niahed  activity  of  the  respiratory  process  at  high  t<?mperature3  (j^  3)1 
and  the  '  collifjuative  sweating "  of  hectic  fever  is  obviouslv  not  s.| 
but  a  consequence,  of  the  debilitated  state  of  thfi  general  system. 
433.   The  en ti IV  aniouut  of  fluid  which  i.-!  'insensibly '  lost  frl 
Cutaneous  and  Pulmonary  siirliices,  is  estiniuti-il  by  Seguin  at  \A  [ 
per  minute ;  of  which  1 1  gniiua  pass-oil'  by  the  skin,  and  7  by  tkei 
The  maximum   Ioks  by   Exhalation,  cutaneous  and   puluionajy, 
twenty-four  hoiii-s,  (except  under  very  peculiar  circumstances.)  U  I 
the  minimum  1^  lb.     It  varies  greatly,  according  to  the  conditianij 
atmosphere,  and  that  of  the  body  itself;  and  these  variations,  as  < 
hereafter  see  ($  444),  have  a  most  important  share  in  the  regiil>tim| 
temperatui-e  of  the  body.     The  whole  amount  of  Cutaneous  tr«nspir 
'aenaible'  and  'insensible,'  in  greatly  increased  by  heat  and  diyncsjofl 
flurrouuiling  air;  for  the  heat  ocea-sions  the  determination  of  an 
mented  amount  of  blood  to  the  cutaueous  vtMsels;   and  of  the  flu 
which  thus  transudes,  a  large  portion  is  earried-off  in  the  state  of  vspoatj 
The  more  the  heated  atmosphere  Lt  already  chained  with  watery  ^-SjumriT 
the  fimaller  will  be  the  proportion  of  the  transudeil  fluid  that  will  thuii  'in- 1 
sensibly'  passaway;  and  the  more  will  accumulate  aa  'sensible'  jienjwi-l 
tion.     Exact  observntious  on  this  point,  however,  arc  much  wantiojiilf 

■  "Heller's  Arehiv,,"  luuid  iv.  p.  196. 
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■  'which  Dot  merely  the  temiiei-ature,  but  the  hygrometric  stnte  of  the  air 
Ishould  he  )ireciBfly  determiiiod;  the  lies*  hitherto  rtifordetl  being  those 
Blnade  by  Dr.  Soiitliwn<Kl  Smith"  (it  the  Phtenix   Gas  Worlca,  in  wliinh 
f -the  former  elemtint  only  wns  cui-efiilly  noted      Theae  observations  were 
maile  upon  eight  oF  the  workmen  emjiloyed  in  '  tiniwing '  and  '  charging' 
tlie  retorts  and  in  making-iiji  the  (ires,  during  whicli  thty  are  exposed  to 
■DtcDse  heat ;  the  men  were  acciinitely  weighed  in  their  clothes,  imme- 
diately before  they  began,  and  after  they  had  linishetl  their  ■work;  and 
in  the  interval  lietweeu   the  first  and  aeeond  wei(j;hinys,  they  were  not 
allowed  to  jjai-take  of  any  solid  or  liquid  i/ufesla.  nor  to  jHirt  with  urine 
or  Sieocs. 

Experiment  I.  Nov.  18,  183'J.  Day  brightand  clear.  Tempeisture 
of  the  air  in  which  the  men  worked,  60°  Falir.     Barometer  '2'J''25  in.  to 

e29'4  in.  Duration  of  labour,  45  minntea. — Average  loss  of  weight, 
S  lbs.  6  oz.;  maximum,  4  lbs.  3  dz.;  minimum,  3  \\>s.  8oz, 
Ei|>eriment  II.  Nov.  I'-l,  183)i.  Day  foggy,  with  scarcely  any  wind. 
Tempemture  of  the  air.  39°  Fahr,  Barometer  20'8.  Dumtioii  of  labour, 
15  minutes. — Average  loss  of  weight,  2  Iba.  2  OZ.J  maximum,  2  lbs.  15  oz. ; 
niiniaiimi,  14  oz. 
Experiuent  III.  June  3,  1837.  Day  exceedingly  bright  and  clear, 
with  little  wind.  Temjierature  i.if  the  air,  60°.  Duration  of  labour, 
60  minute*.— Average  loss  of  weight,  2  Il>8.  8  oz.;  maximum,  3  lbs.; 
minimum,  2  lbs. 

ExjM*riinent  TV.  On  the  same  dny,  two  other  men  worked  in  an 
unu-tuiiUy  hot  place  for  70  minutes;  the  loss  of  weight  of  one  of  these 
was  4  lbs.  14oz.;  and  of  the  other  5  Ihs.  2  ok. 

Although  the  individuals  subjected  to  these  experiments  were  not  in 
ftll  inst»nce»  the  Hame,  yet  there  wa.i  enough  of  identity  among  them,  to 
•duut  of  the  certain  inference^  that  the  amount  of  fluid  lo»it  must  be 
iafliienccd  by  the  state  of  the  individual  system,  as  well  as  by  that 
of  iJie  surrounding  medium.  Thus  in  the  secoud  experiment,  Michael 
Griffiths  lost  2  lbs.  6  oz.,  and  Charles  Cahell  2  lla.  15  oz.;  whilst  in  the 
^Blbird,  Michael  OriffilLs  lost  3  lbs.,  and  Charles  CaheU  only  2  lbs.  Ic  is 
^^prubable  that  the  amount  of  liquid  ingested  not  long  previously,  might 
^^  have  a  eonBiderable  influence  on  the  quantity  lost  by  transpiration  under 
t       Buch  circumstancoB. 

^K  424.  The  CiitaneoiiB  excretion,  as  already  pointed-out,  is  in  great 
^Kdegree  vicarious  with  the  Urinary,  in  regard  to  the  amount  of  fluid 
^B  eliminated ;  the  urine  lieiug  more  watery  in  proportion  as  the  cutaiiPOUfl 
^r  ezlialation  is  diminished  in  amount,  and  wkf  versd  (^  40G).  But  we  are 
sbo  to  hx)k  at  these  two  excretions  us  vicarious,  in  regard  to  the  elimi- 
nation of  the  products  of  the  '  waste'  of  the  system.  The  share  which 
the  Skin  has  in  this  office  has  probably  been  c^uerally  under-rated. 
There  is  reason  to  believe  that  at  least  100  grains  of  azotized  matter  are 
excreted  from  it  daily;  and  any  cause  which  checks  this  exci-etion,  must 
throw  additional  labour  on  the  kidneys,  and  will  be  likely  to  produce 
disorder  of  tlieir  function. — The  secreting  action  of  the  Skin  is  in- 
fiuenoed  by  general  conditions  of  the  vascular  and  nervous  systems ; 
which  are  ae  yet  ill  understood.  It  is  quite  certain,  however,  that 
through  the  influence  of  the  latter  the  secretion  may  be  exdled  or  Bua- 

•  "Plulosi.phyofHMHh,"vol.  ii.  pp.  391-33(1. 
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pended;  tUia  is  seen  on  the  one  hand  in  the  state  of  i^cope,  nnd  in 
efft'ots  of  depressing;  emiitiona,  especially  fear,  and  its  liicirL'  agcnivatcd 
condition,  terror;  and  on  the  uther,  in  tlif  dry  condition  of  the  akin. 
dui-ing  states  of  liigh  nervona  excitement.  It  is  very  probnl.le  that,  in 
many  forma  of  fever,  the  snji]irPSHion  of  the  j)er3piration  is  ft  cause, 
rather  than  n.n  etl'eet,  of  <lisordered  viisciilar  action ;  fur  there  arc  several 
morbid  conditions  of  Inixe  parts  of  tlio  surfaoe,  in  which  the  aupjiressioa 
of  the  tnmspiration  nupejii-s  to  he  one  of  the  chief  soiu-ces  of  danser, 
having  ft  tendency  to  produce  congesrtion  and  inttauiimition  of  internal 
organs.  From  the  ex|ieriinenta  of  Dr.  Fourcaiilt,  it  apjieura  that  com- 
plete BiippreHsion  of  the  perspiration  in  animals,  liy  means  of  a  VBrniah., 
applied  over  tlie  akin,  gives  ri*i  to  a  state  termed  hy  him  '  cutaneoua 
asphyxia^  whii'h  is  marked  hy  imperfect  arterial iaitjon  of  the  blixid,. 
and  conaiih'rahle  fall  of  tenipeiiitnre  {§  43G);  and  whieh,  as  it  produce* 
death  in  the  lowur  animals,  would  probably  do  the  same  in  Man.  A; 
partial  guppreasion  by  the  siiiiie  m(Miiis  givc.s  rise  to  febrile  symptoms, 
and  to  albuminnrin.* — Tlicre  can  Ih;  no  doubt  wliati?ver.  that  imperfeck 
action  of  the  Cutaneous  glandulie,  conaequent  ujwn  inactive  habits 
life  and  want  of  ablution,  i.i  n  very  fi-equeut  soiiree  of  disorder  of  the 
general  system :  occasioning  the  acciunulntioii  of  that  decomiioaing 
organic  matter  in  tbc  blood,  which  it  i«  the  speeiiil  otfice  of  th^ 
glandulie  to  eliminftte.  Hence  the  due  maintenance  of  health  rcqu 
that  thia  excretion  aliouhl  be  promoted  hy  the  nae  of  the  natural  a 
appropriate  meitns  jiiat  referred-to;  and  this  is  the  more  neccasary, 
when  from  any  cruise  the  function  of  the  kidneys  in  imperfectly  per- 
formed. Thei'e  are  many  diseased  states,  moreover,  in  which  tliere 
apjwars  to  l)e  a  special  determination  of  the  mnleri-v  morbi  to  tlie  Skin; 
and  in  which,  therefore,  the  use  of  means  that  piYinioto  the  culaneou* 
excretion  constitutes  the  most  efficient  method  of  eliminating  it  trma 
the  blood,  t 
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CHAPTER    X. 


KVOLOTION   OF   HEAT,    LIGHT,    AND    ELECTRICrTT. 

1. — General  ConsidenUionit. 

435.  Tni:  series  of  Nutritive  operations  whieh  has  now  been  piiased  in 
review,  lias  Ix-en  shown  to  conaist  in  the  continual  appropriation,  by  the 
Animal  orjpini.sra,  of  curtain  'oi-ganic  comiMJunda'  or  'alimentary  m.it*- 
riaU,'  nliich  have  been  generated  for  its  use  by  Plants ;  and  in  die  eon- 
Plant  restoration  of  their  elements  to  the  Inorganic  world,  eitlier  in  the 

*  Sfo  Ilia  ini)KirtiuitTr<nti'Hi,  "Caa.wsGtn£nvlR8  ilea  MiiIa(lieaC1)rDmqii«,"&£.  1814- 
and  "Brit,  anil  F™.  M'..l.  Kev,,"  toI.  xx.  pp.  lOB-lOS.  ' 

t  Tilt'  jinittiail  TiJna  of  actiTB  diapLoresis  in  luanj  fi-brile  tliiMaisw.  ig  well  ondeiBoiiJ 
by  the  imiive  pnu'tilinucra  amnag  the  Negroes  n(  (he  lluiueu  Cosal ;  -xhn  ncmnlinji;  I.'  I>r. 
Itaniell  ("  Meilieal  Tn]Ki(ini|.hy  uiil  Nnlivc  Di»caEieH  of  the  Uulf  nfftuiiiEo,"  jip.  j  19  Jul 
moke  use  of  it  m"Ht  iinni'wifuJIy  in  tbn  treattDent  nf  adyiwiaic  renii»l*int  ferers.  Dr.  Daniell 
Katea  that  haviuK  hiumelf  iind  nhiiuilant  etprrieucr  uf  iu  effienc;,  he  bu  no  doabt  nf  iti 
(aparioritj  iu  these  casus  to  tbs  ordinary  [iiniitict  ef  ypuitseclina,  uline  piufMirei,  Iwire 
doHW  of  calomel.  &c.  Aiid  ho  has  reponltJly  itMeA  that  one  great  SECret  of  praurnu^ 
iMtlth  in  ti^'pienl  cliouloi,  lies  ia  due  attention  to  the  CDlBiioani  fanMJona. 
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same  forms  of  combination  in  which  they  origiuaJJy  exiated  there,  or 
as  prodiicta  of  irciiiiunt  decay,  Ity  whose  ftirther  decomposition  those 
■imple  binaiy  coiujMjunds  will  be  reproducvd.  Anil  thua,  ao  fur  iia  Uie 
material  ctimpi meuta  of  the  Organio  Creation  are  iKiucemed,  the  iigeucy 
of  Vegetable  life  is  coiieerued  in  withdrawing  them  from  the  Mineral 
mild,  and  that  of  Animal  life  in  rfititming  tliein  to  it,  after  they  hiive 
Mrred  their  [inr[)oae  in  the  living  atnictni-e.  But  if  we  examine  into  the 
eonree  of  those  active  powers  or  '  forces,'  on  whcee  ofioration  every  chiutge, 
no  leas  in  the  organized  body,  than  in  what  is  commonly  designated  as 
'inert'  matter,  is  dependent,  we  shall  tind  that  they  are  all  traoeable  to 
the  solai'  radiatiouH.  It  ia  by  the  action  of  thi;  Light  and  Heat  of  the 
Sun  upon  the  Vegetable  gerra,  that  it  i*  enabled  to  tixcrciseita  wonderful 
tninsforining  capacity,  whereby  it  estraeta  carlioii,  hydrogen,  nitrogen, 
and  oxygen,  from  the  carltoiiic  acid,  water,  and  ammonia  furnished  by  the 
atmosphere  or  the  soil ;  and  that  it  coiiverta  these  into  tlio  albuminous, 
saccharine,  and  oleaginous  componntla,  which  are  the  destined  food  of 
Animals.  And  it  is  nnder  the  influence  of  Heat  chiefly  derived  fi-om  the 
same  source,  that  the  greater  rmniber  of  tribes  of  Animals  are  enabled 
to  apply  these  coniponnda  to  the  purposes  of  organization;  and  that, 
through  tlie  peculiar  instnimeuta  thus  constructed,  those  various  kiinls 
of  Vital  Fores  are  evolved,  wliose  ojieratiocs  are  so  different  from  any 
which  we  witness  in  the  Inorganic  world.  Accordingly  we  ol>Hcrve  that 
the  '  rate  of  life'  in  this  larger  propoitton  of  the  Animal  kingdom,  ia 
regulated,  as  in  Plants,  by  the  amount  of  Heat  supplied  to  the  organism 
from  external  sourcea;  and  that,  when  the  external  temperature  is  re- 
duced lielow  a  certain  point,  there  is  an  entire  cessation  of  all  vital 
activity."  But  there  are  certain  tribes,  especially  Birtls  and  Mammals, 
which  pos.sei*s  the  p()Wer  of  generating  Jleut  within  themselves,  to  such  a 
degree  as  to  render  the  rate  of  tholr  vital  processes  almost  entirely  inde- 
[tendent  of  external  influences;  aud  there  is  prol)ably  no  one  species  that 
can  exercise  this  [)ower  more  elfectualiy,  .lud  through  a  grenter  range  of 
external  conditiouH,  than  Man  ia  able  to  do.  Of  this  we  shall  presently 
have  evidence. — The  evolution  of  Liijhl.  again,  is  by  no  mcjias  an  unusual 
phenomenon  among  the  lower  tribes  of  Animals;  but  where  it  does  occur, 
it  Hsually  appears  to  have  aorae  sjwcial  jiurpose,  as  is  obvious  enough  in  the 
of  the  glow-worm  ami  other  luudnoiis  Insects.  But  the  luminosity 
lich  ia  occasionally  exliibited  in  Man(§  44J}},  mustbc  regarded  as  an  alto- 
gether abnonnal  phenomenon,  whose  physiological  interest  arises  out  of  the 

:ulinrity  of  tlie  cirouni stances  under  which  it  presents  itsel£- — Of  the 
in  which  JUrclridly  is  generated  in  the  living  body,  weknowcom- 
ptipatively  littlu.  There  is  strong  evidence  that  a  distui-lmnce  of  Electric 
jioiftrity  luuat  tAke  place  in  every  action  of  Organic  as  well  as  of  Inorganic 
ChemLstry ;  and  thus  that  eveiy  molecular  change  in  the  Animal  as  well 
88  in  the  Vegetable  organism  must  involve  lui  altiTation  in  it«  electric 
tion.      But  it  wi>uld  seem  that  in  the  Animal  body  generally,  these 

italions  arc  made  to  hakince  each  other  sii  exactly,  that  no  considerable 
disturbance  of  the  electric  ajuilibrium  ordinarily  takes  place  in  the  organ- 
ism as  a  whole  ;  and  it  is  only  in  eertain  jioculiar  eases  (as  in  the  Electric 
Fishes)  that  a  provision  exists  iijr  the  generation  of  Electricity  in  con- 
udciable  amount  and  intensity,  with  a  view  to  some  special  purpose.      In 

•  See  "Principlw  orOeuunil  Pbysiology." 
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the  Human  subject,  however,  ojl  extraordinary  productiou  of  free  Bkcto-I 
city,  aa  of  Light,  occasioimUy  presents  ititell';  und  this,  taken  in  mn 
tion  with  other  evidence,  would  seem  ratht^r  to  indicate  a  departoicf 
tiin  Indiinee  usually  miuntuinod  between  the  opjioaite  electrical  cluin 
continually  taking  place,  than  to  be  due  to  the  introiluctiou  of  taf 
estraordinaty  sources  of  electric  disturbance  (§  446). 

2.—Ev(iluUo'ii  of  ffeat. 

426.  All  the  vital  actiooa  of  the  body  of  Man,  aa  oftliat  of* 
blooded"  animals  generally,  I'equire  an  elevnted  teraperaturuasnoau 
of  their  performimce ;  and  the  high  degree  of  coustaaey  iind 
which  is  obaor%*able  iu  these  actions,  appears  to  depend  in  gr«at  i 
updu  the  provision  which  the  orgoniaui  contains  within  itselC  (bi^ 
main  ten  ance  of  that  temperature  at  u  fixed  stiuidanL  This  eon 
and  regularity  are  moat  remai'kably  exhibited  in  the  various , 
changes  to  which  the  body  ia  subject  both  in  health  and  in  rliseftaej 
iinifoiTuity  of  whose  reourrence  ia  due  to  a  corresponding  unifunninr  \ 
the  rate  of  vital  action  taking  place  in  the  interval.  Tliua,  as  via  I 
shown  hercufter,  the  peri<id  of  parturition  ia  in  great  degree  tlf't^nuin 
by  the  maturation  of  the  fcBtal  structurea;  and  the  unifonnitv  oft 
time  which  this  i-equirea  (like  the  corresponding  uniformity  in  the  prria 
of  development  iu  the  embi-j'o-bii-d)  may  be  fairly  attributed  lu 
regularity  of  the  supply  of  Heat,  which  is  the  power  thiit  esjii 
determines  the  fnnniitivi'  operations.  For  the  periods  of  all  similar  \i 
nomena  in  '  cold-bli>(nlud'  animals,  which  have  no  power  of  nminUun 
an  indeptndent  temjH-.nitni'e,  exhibit  no  such  uniformity;  being 
dependent  (aa  in  Plants)  upon  the  d^i'oe  of  arleriiai  warmth  to ' 
their  bodies  arc  subjected. — We  shall  now  inquire,  in  the  first  place,! 
the  amount  of  Heat  thus  generated  by  Man;  and  then  into  tlie  auu 
of  its  production. 

427.  Our  present  knowledge  of  the   ordinary   Temperatuns  of  I 
Human  body  uniler  different  cii-cumatances,  is  chieflv  due  to  the  in 
gatioiiB  of  Dr.  J.  Davy.* — The  first  scries  of  his  ul)sorvation8  id 
114  individuals  of  Iwth  sexes,  of  ditfci-ent  ages,  and  among  vtu-iousj 
in  diflerent  latitudes,  and  under  various  temperatures ;    Uie 
temperatui-e,  however,  was  in  no  instance  very  low.  and  the 
were  by  no  means  extreme.      The  mean  of  the  ages  of  all  the   indivjd 
was  27  years.      The  following  is  n  geneml  statement  of  the  rraull 
tompei-ature  of  the  body  having  been  ascertained  by  a  thenuoiueter] 
under  the  tongue  ; — 

Tomptrnturo  of  the  ur 


Meui  nf  all  tlid  eiperimeDta 
Hifiliest  16111  peniture  uf  air 
LoWBBt  t«iupemtun!  uf  ivir 


*  See  Or.  Davy's  sncoewireMeDiDirs  in  tbe  "  PliiliwaphicnlTisanctJoiii,"  hrit 
publiahad  in  bin  "  Aaatomicil  mil  Phj»iol(igii;»l  Researehm")  1341,  1B19,  ud  IS 
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er 

('Sis' 

7S° 

si-iS" 

78-6° 
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80° 

Btt'fT 

82" 

99 -r 
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M«ui  of  ill  the  cxperimenta 

lOfl' 

82° 

HifThesl  tempera  tore 

of  liodj 

lor  J 

60° 
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From  this  wo  see  that  the  variations  uo(*d  by  Dr.  Bnvy,  which  were  evi- 
dently in  part  the  eoiisequena.'  of  variatioua  iii  extenin,!  tPinpcratui'e,  hat 
which  were  iilso  jMirtlj-  iittributahle  to  imliriihiiil  peculiaritii*,  aniiniuted 
to  5^  degi-eea;  the  lower  extreme  might  be  found  totuiilei'gostiJl  fm-tlier 
dcprciwion,  if  the  iiiquii-ies  weve  carried-on  in  very  eolil  elimatea. — Dr. 
Davy's  auijswjuent  iinjuiries  have  been  directed  to  the  detenninatjoit  of 
tho  various  influences  which  tend  to  produce  a  departure  from  the 
average ;  and  it  will  lie  advantageous  to  present  his  i-esults  in  a  systema- 
tis»d  form,  in  combination  with  those  of  other  oheervers.  The  most 
important  of  these  viiriatioaa  seem  to  he  those  dependent  upon  Age, 
Period  of  the  day,  Exercise  or  Reposio,  Ingt'stion  of  Food  or  Drink,  aiid 
External  Temperature. 

I.  The  temperatui-e  of  fn/nida,  aocoi-ding  to  the  obaervatioiiB  of  Dr. 
Dnvy,  M.  Rjigt-r,*  and  of  Dr.  G.  C,  Holland.t  ia  somewhat  higher  than 
that  of  adults,  J  provided  tliat  they  are  placed  in  eonditioua  lavourable  to 
ita  sustenance ;  hut,  as  will  he  shown  hereafter,  infants  and  young  chil- 
dren are  very  inferior  to  adults  in  their  power  of  resisting  tlie  dejiressing 
infiiiencc  of  i-xtcnud  coM  (§§  H'i,  443),  Tlieir  temperature,  when  ex- 
amined immcdiati'ly  aiXfr  birth  liy  a  thermometer  in  the  HxiUa,  is  ne-arly 
lUO";  but  it  quickly  falls  to  about  SB'S?,  and  gradually  rises  in  the  course 
of  the  nest  twenty-four  hours  to  about  DT'T"  in  wiaikly  Bubjectti,  and  to 
flS'j"  in  strong  infanta.  Between  four  mouths  and  six  years  of  age,  M. 
Roger  found  the  average  temperature  to  be  98!)°;  and  between  six  and 
fourteen  years  of  age,  09*IG°. — -The  tcropei'atureof  ajtf/  persons,  from  the 
ohservntiona  of  Dr.  .1.  Daiy,  does  not  seem  to  be  below  that  of  jjersone 
in  the  vigour  of  life,  pi'ovided  that  thei"e  be  no  external  depressing  influ- 
encef ;  but  they  seem,  like  infanta  ami  young  children,  to  liave  leas  jwwer 
of  resisting  extoniivl  oold,  the  temperature  of  their  bodies  being  more 
easily  and  considerably  reduced  by  it  thiui  is  that  of  adultu;  and  hence 
probably  it  has  happened,  that  popular  opinion  assigns  to  them  on 
h&bitually  inferior  temperature. 

II.  A  alight  diurnal  variation  in  the  temperature  of  the  body  appears 
osu&Uy  to  take  jilace,  quite  irrespectively  of  external  heat  or  cold ;  but 
this  does  not  seem  tu  Ije  very  constant  either  in  its  period  or  its  degree, 
and  Is  seldom  very  consiilerable.  Thus  Dr.  Davy  found  from  a  long  series 
of  observation.'!  carried-on  upon  himself  whilst  in  Enyhind,  that  the  Ixnly 
Was  wamieat  in  the  morning,  and  coldest  at  night ;  whilst  the  rcFerao  was 
the  case  in  Barbiidoes.      The  following  table  gives  hb  average  results ;  — 


Mntn  Irmprrat^m  njidtr  Ike  tangta^ 


„    ,     ,     (7-8i,ii.    3-4i'.«. 


BBrtttdoei 


S(!-7*.ii.'12-2p.!i. 
BB-07°  ;     9S-r 


12  P.K. 

S7-92" 

9-11  P.H. 


Ttmptrutn^t  qfXooK. 


7-B  i.ii. 

Bo-r 

B-7  A.M. 

Tfl-7^ 


2~i  P.SL        12  F.H. 

WT"  62- 


12-2  p.s. 
B3'6" 


9-11  r.K. 
7B' 


•  "  AreM*.  Gin.  du  M6A.,"  18«.         t  "  Uipaij  into  the  Uws  of  Lifo,"  1829. 

;  Dr.  W.  P.  EilwardB  {"  On  the  Influcnco  of  PUjwcal  Ajsunta  oa  Life,"  p.  115)  gites  us 
Um  naalt  i>f  hli  abserifltiiiDi,.  wbifh  Here  only  tea  in  uuaibcri  thnt  ttic  lompi^ratnre  uf 
tnfimU  U  Ititfur  th&n  thatjitatcd  above;  but  It  ii  obvicnu  tbdt  th&Mi  obdcrr&tionii  were  made 
dnring  the  peri.-d  <.f  Jepre«iuii  which  ocouri^  in  tbu  firal  few  (hiys,  wliilat  the  reaplriilory 
bnckon  in  bwoming  ettablbtieil. 
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From  the  obeerratioii!!  of  IM.  Chu^uit  on  Birds,  id  whicli  Ihp  iliunuj] 
valuation  ftmounts  to  1^^  Fohr..  it  seania  that  the  uiaKimiUu  ])rrttj  «n 
stantly  ucputB  itt  iich:>ii,  uiid  the  imniinuiu  near  miclnigbt ;  smA  Uiii  < 
responds  well  with  what  has  already  been  polnteJ-ont,  with  r<"."-i  '"'^^ 
relative  activity  of  respiration  at  different  porioilaof  the  twiiit^ 
(§  31G  ix).     Probably  there  is  a  less  capacity  fur  generating  Ii< 
the  night ;  so  thiit,  if  the  body  be  inaufficieutly. protected  by  cluthinfc  i 
lie  exposed  to  a  low  degi*oe  of  est^rcal  teni[»eratiire,  ita  own  teni] 
will  be  more  roadily  lowered  :  and  thiia  the  uinimum  of  the  wlmlp 
mivy  come  to  present  itself  at  this  part  of  it,  in  a  teni|>onite  i 
whilst  in  ft  tropical  clininte,  the  light  bed-covering  and   fri'ri  cir 
of  air  usual  in  the  sleepiiig-room,  together  with  the   reducing  iiiflu 
of  re|wee,   would  tend   to   render  the  eai'ly-moming  ttmiiemtiu* 
lowest. 

lit.  That  an  inci^ose  in  theheat  of  the  body  ia  produced  by  ftMrviN^I 
tluit  repose  t«nds  to  it-s  roductiun,  is  a  matter  of  familial-  exp<irii.-nun;  I 
the  observations  of  Dr.  Davy  show  that  there  ib  scarcely  any  per 
dilfereiice  in  the  heAt  of  the  dee^i-eeat-ed  pnrtd,  the  iiuginenlutian  i 
depression  being  ooulinftd  to  the  estreraities.  Thna,  on  owe 
recijrded  by  him,  the  temperature  of  the  air  of  the  room  befttre 
being  0U°,  that  of  the  feet  {shown  by  a  thermometer  plaiTd  l«tw«n  I 
tues)  being  only  06°,  that  of  the  thermometer  tmder  the  tongue  U-iugS 
and  that  of  the  urine  being  100^, — the  temperatnre  aftrr  a  wiJk  io  I 
ojien  air  Jit  40°,  the  exercise  having  dill'usi'd  a  fi«ling  of  pciitle 
thnniyh  tlie  body,  was  0G-5=  in  the  fwt,  &7°  in  tUo  hamU,  1IJJ° ' 
the  tongue,  au<l  lOP  in  the  urine,  l^o,  on  another  occuaion,  the  temp 
tnre  having  beim  GG"  in  the  room,  76°  in  the  feet,  81°  in  the 
98°  under  the  tongue,  and  lOO"  in  the  uiine,^ — .after  a  walk  in  air  at  i 
the  tempei'iiture  was  ii'j"  in  the  feet,  98°  in  the  hands,  ^8'  under 
tongue,  and  101 -a*^  in  the  urine. 

IV.  Tlie  influence  of  tnj/ejfd'im  o/ food  upon  the  temperature  of  ( 
body  him  not  yet  been  duly  investigated.  Common  exj^ericuce  Inukf 
the  couolusioLi,  thiit  after  a  mejd,  as  after  exerchw,  there  is  « 
warmth  in  the  estii:mitiea;  but  Dr.  Davy's  observations  show  th«l,l 
his  own  person,  whilst  in  England,  there  was  u.sually  an  app 
depression  immediately  after  dinner,  though  in  Barbadoes  tlte  etiect  rf] 
moderate  meal  was  to  prudu(»)  an  elevation.  In  both  CMses,  ho 
Dr,  D.  observed  that  the  ingestion  of  witie  has  a  positi\'ely-de|iti 
influence  on  the  temjierature  of  the  iKidy,  which  increnwcs  with 
quantity  taken;  and  it  may  have  been  the  constant  employment  of  i 
with  liis  dinner,  which  was  the  i-eal  cause  of  the  depression  obsiarfdl 
England.* 

*  Tliia  Jitferoncu  in  effect  noted  bj  Dr.  Durj,  between  a  modemte  q<UDtit;r  of  vigi  I 
with  cliniuir  in  Englnnii  iind  in  linrliiulriea,  bmkw  rMclilf  eiplienble  b5  the  bet  IW' 
pros^nctf  of  Aloohijl  in  tlie  IiIluiI  dimiuighes  fur  n  time  the  envrgy  of  tbe  proper  funbv 
proccsa  |j  31fi  n).  For  when  tbe  tprapcrature  o(  tbe  atmuapben  is  con&ilentbl;  I 
thai  of  thL>  body,  tbtg  retnr.JiiCion  iif  tlic  nimlinativa  pntceffi  oceadaneJ  Ijj  llm  wis*' 
aliow  tbo  hmt  of  the  body  to  bo  lowereii  by  it,  notwiLbHlandJag  the  ttfodvuij  U>  lO^ 
nativity  of  tba  drculutioa  and  r«s[>irstion  which  tbe  taiaH  alune  woutd  nett.  In  *  i 
climate,  on  Iha  othtr  band,  tbe  co'diri^'  iii1!utnce  of  tbo  oxtomal  air  would  not  ht  «al 
to  produce  tbia  reduotJon  in  the  Miui'ttHture  of  the  body,  noIwitbaWindine  ttir  i 
ioflnenco  of  the  wlrje  upon  tbe  eombu&tjve  pro-£Ba. 
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V.  The  influence  of  external  temperiUare  is  sufficiently  apparent  in  the 
oteefvutiona  iilri^tdy  citcil ;  for  altliougli  exteiiiiil  cold  mny  act  in  a 
difiijreut  dpgnw  on  difl'erent  iniLvidiwI.i,  aixionliiig  to  their  respective 
a^^M,  powers  of  resiBUtncu,  Ao.,  yet  there  ia  ample  proof  that  on  tlie 
wboh- a  contioueil  expos\ire  to  it  voiliices  the  temperature  of  the  body 
Homewhut  below  its  ordinary  stamlard,  whilst  contiuucd  exposure  to  heat 
oouasiuna  a  slight  elevation  in  the  t^mpcratui'e  of  the  body.  The  in- 
flnence  of  told  is.  of  course,  most  ]K)werfully  exerted  when  the  IkkIj  is  at 
rest;  and  under  such  circurustances  Dr.  Davy  fouud  the  temperature  of 
his  own  body  to  be  reduced,  on  au  average  of  four  obaervutious,  to  96'T'', 
the  average  temper.iture  of  the  suirouuding  air  having  been  37°.  On 
comparing  the  ViodJly  temperature  of  different  irulividuitis  working  in 
rooms  of  various  tcnii»i'atui'es  in  the  -Siune  factory.  Dr.  Diivy  found  the 
tongue- thermometer  rise  to  10U°  in  one  man,  and  to  1UU'5°  in  another 
who  had  been  working  for  some  houra  in  a  room  at  93";  whibt  it  was 
9a°  in  a  young  womtui  who  worked  in  a  room  at  73°,  and  only  'Jl'5°  in 
another  wlio  worked  in  a  temperatiue  of  60^. — The  efl'ectrt  of  seasonal 
change  are  less  mHrkod  iu  Man,  thau  theyare  in  the  lower  anLuiils,  which 
are  more  exjiosed  to  extremes  of  temperature;  but  it  seems  jirineipidly 
exurted  in  modifying  the  hoit-priMl (icing  power.  For  it  has  been  shown 
by  Dr.  W.  F.  Edwanls  (Op.  cit.),  that  warm-blooded  animals  are  more 
s|)cedily  killed  by  extreme  cold  hi  summer  than  in  winter;  au<l  it  seems 
probable,  therefore,  tluit  we  are  partly  to  attribut-e  the  peculiiir  ehiHing 
influence  of  a  cold  day  in  summer,  imd  the  oppreaaivt'n(«,<  of  a  warm 
day  in  winter,  to  the  seasonal  change  in  the  body  itself ;  although  the 
effect  is  doubtleiis  referable  iu  ]tart  to  the  effect  of  contrast  u])on  our  own 
feeliiiga. 

42K.  The  usual  Temperature  of  the  body  occasionally  undergoes  con- 
siderable alteration  in  dtseaJi': ;  and  this  in  the  way  either  of  increase  or 
ot  diminution.  Thus  in  nialjtdies  wliich  involve  an  acceleration  of  pulse 
uiil  a  quickening  of  the  respinition,  the  temjiemture  \s  nenerally  iiigher 
than  UBual,  even  though  a  largo  portion  of  the  lung  may  Ik"  iiuflt  for  ita 
function.  This  is  often  remarkably  seen  iu  the  last  stagca  of  phthisis. 
when  the  inspirations  are  extremely  rapid,  and  the  pulse  so  quick  as 
scarcely  to  ailmit  of  being  countiid;  the  skin,  in  sncli  cases,  often  be- 
comes almost  painfully  hot.  On  the  other  hand,  iu  diseases  of  the 
contniry  character,  such  as  '  morbus  creruleus.'  awthnia,  ami  cholera,  the 
temperature  of  the  body  falls ;  a  reduction  to  76°  having  been  noticed  in 
tlie  former  maladies,  and  to  67°  in  the  latter.  The  range  obsei-ved  by 
M.  Andral  in  diseases  which  leas  atl'ected  the  calorifying  function,  waa 
frotn  95°  M  107-6°;  and  by  IL  Roger  (loc.  cit.),  iu  diseases  of  children, 
&om  74-3  to  I08'5.  Prof  Dungliaon'  ajjeaks  of  liavijig  seen  the  ther- 
mometer at  106°  in  scarlatina  and  t^iihua;  and  Dr.  Francis  Home,t 
found  it  to  stand  at  104°  in  two  individuals  in  the  eohl  staf^  of  an  inter- 
im ttcnt,  whilst  it  afterwanls  fell  to  101°,  and  subsequently  to  99°,  during 
the  sweating  stage.  Dr.  Edwards  mentions  a  case  of  tetanus,  in  which 
the  t«miiJerature  of  the  body  rose  to  llOf .  The  tbllowing  observations 
have  been  made  on  this  subject  by  M.  Donu6;I    in  a  case  of  puerperal 

•  "  Honiiui  PLjaiiilogj,"  "tli  edit.,  >ol.  ii.  p.  225. 

;  '■  irohif-  «*n.  de  M*.!,,"  Oct.  1885;  and  '■firic.  MidFor.  M«L  Sor.,"  -rol.  U.  p.  848. 
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fevor,  the  pulae  beiag  IG8,  iinJ  the  rospii-sitiiios  48  per  uiiiiate,  the  i 
puratiire  was  104^;  in  a  case  of  hyij^i-trophy  of  the  Ueart,  tlic  puWUia 
161)  and   the  respirations   3i,  the   temperature  wns    lOS";    in  a< 
typhoid  fever,  the  pulae  being  13C,  and  ilie  reapirations  50.  the  temp 
ture  was  104°;  iitid  in  a  ease  of  phthisis,  the  pul^  being  I4i.>,  vid 
respirations  62,  the  temperature  was  102°;  on  the  other  hand,  in 
of  jaundice,  iu   which   the  pulse  was  but  52,  the  t«'m[>eratur'' 
96"40*;  but  the   same  teinperittui-e  was   observed   in  a  cnsc  of  ilii 
in  which  the  pulse  was  Si.     These  limited  ob^rvmtioiia,  wtiili 
clearly  indicate  that  a  gr-iim-al  relation  exists  between  the  tein[>i'i 
the  body  and  the  rapidity  of  tlie  [nilse,  also  show  that  thL*  rcLitio 
no  nieanR  invai'iable,  liut  that  it  is  liable  to  be  affected  by  sevi^ml 
of  wliich  our  knowledge  is  as  yet  very  slight,— It  is  not  a  littlr 
able  that  the  Iviuperature  of  the  body  should  sometimes  rw  ci>ti«idc 
t0tr  death;  and  this  not  merely  in  such  disejisea  as  Cholera,  in  which  I 
has  undergone  an  extreme  dopreseiou  during  the  latttr  part  of  life ; 
even  in  the  case  of  febrile   dL^orders,  in  which  the  temperature  iluria 
lite  has  been  above  the  u»ual  standard.      Tliis  has  been   ascierlAin»I 
Dr.Bennet  Dowler*  of  New  Orleans,  on  the  bodies  of  those  j-ellow-' 
Bubjocts  which  have  alrendy  been  referred-to  as  cxhil.>itiii^  &  tvnurk 
degree  of  nwleinilar  life  after  totiMlic  death  {§  269).      In   one  cmt,  fM 
example,  the  highest  temperature  during  life  was  in  the  axilht.  Iii4'i  i 
minutes  after  death,  it  had  risen  to  100°  in  the  axilla;  lin*.<ijii  niinnb 
ttterwarda,  it  was  113°  in  an  incision  in  the  thigh :  in  twenty  miuuti 
the  liver  gave  112°;   in  one  hour  and  forty  luiuutes,  the  heart  gave  111 
and  the  thigh  in  the  former  intision  lOU";  and  in  three  houm  afW 
remo\'al  of  all  the  viscera,  a  new  incision  in  the  thigh  gai'e  1 10°.     It  , 
curious    that   the    maximum    heat   observed   after    d>:rath    should   h»Ti 
been   in   the   thigh,  and  the  minimum  in  the  brain;  as  is  shown  iu  i 
following  table  of  the  highest  amount  of  temperature  noted  in 
different  regions  iu  five  subjects: — 


ni>*. 

Efiifi^t'^iim. 

A^riUa. 

CIM 

Bnirt. 

Brattt. 

R-4*m. 

lian 

US' 

nr 

108° 

lOT" 

109" 

loa- 

m° 

iir 

108° 

110* 

108° 

ll>6-5° 

100° 

101' 

H>B° 

IOC 

109° 

lor 

IDS- 

106° 

106° 

101" 

107- 

lor 

109° 

108° 

108° 

lOtt" 

104' 

100° 

lor 

lor 

108* 

lOB' 

107' 

10S° 

10*° 

99° 

109' 

IM* 

Meui    109-e' 


10B'fl° 


108-2°     108-1*    lOfi'B'      lOO-a"       108-        IWll 


429.  Although  there  appears  to  be,  for  all  kinds  of  animals,  a  i 
limit  to  the  variations  of  bodily  tenipei-ature,  under  which  tlielr  vili 
operations  can  be  eairied  on,  this  limitation  does  not  prevent  cer 
species  fi-om  existing  in  the  midst  of  great  diversities  of  external  nindiH 
tlons;  siuoe  they  have  within  themselves  the  jiower  of  comiiennatiiiu  Ir 
these,  in  a  very  e.vtraordinary  degree.  This  ]K>wer  aeoms  to  exist  iu  Mwl 
to  a  higher  amount  than  iu  mo»t  other  animals;  since  he  can  not  onlyl 
support,  but  enjoy  life,  under  extremes  of  which  either  would  be  fatal  to] 
many.     In  many  parts  of  the  tropical  zoue,  the  thermometer  risei  etM7i 

*  "  Western  Jonrnnl  of  Mcditiiiie  oud  Siirgerr,"  Jnac  nn'i  Oal.,  1844;  fit<d  in  "Plib- 
delphiaMedifal  Bsnoimer,"  June,  1S45,  Bad  in  Prof.  DnnglJton'i  "  Homui  lliyHoliig'." 
7Ui  edit.,  vol,  ii,  |i.  718, 
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dny,  through  a  large  portion  of  the  year,  to  1 10°;  and  in  British  ludia  it 
is  said  to  be  seen  occasionally  at  130°.  On  thn  other  hnuil,  Him  degree  of 
cold  frequently  sustained  by  Arctic  voyagei-s,  and  quite  endunible  imder 
proper  precautions,  appeaj-s  much  more  aatoniahing ;  by  Captain  Parry, 
the  thermometer  has  been  seen  as  lowns  — Cto",  or  87°  below  the  freezing 
point ;  by  Captain  Franklin  at  — 58°,  or  90°  below  the  freezing  point ; 
and  by  Captain  Back  at  — 7U°,  or  102°  below  the  freezing  point.  In 
both  cases,  the  efieot  of  the  atuioBpherio  teniperature  on  the  body  is 
greatly  influenced  by  the  condition  of  the  air  as  to  motion  or  rest ;  thus, 
every  one  has  heai'd  of  the  idmoat  unbearable  opprcBsiveneas  of  the 
'«r»cco'  or  hot  wind  of  Sicily  and  Italy,  the  fictmd  temperature  of 
which  is  not  liigher  than  has  often  been  ex[*rieuceil  without  any  great 
dilicouijbrt.  when  the  air  is  calm;  and,  on  the  other  side,  it  may  be  men- 
tioned that,  in  the  eyperience  of  many  Ai'ctic  voyagers,  a  tem[)erature  of 
— 50°  may  be  snstaineil,  when  the  air  is  perfectly  still,  with  less  ineon- 
Teniencc  than  is  caused  by  air  in  motion  at  a  temperatuiv  fifty  degrees 
higher.*  This  ia  quite  conl'ornjable  to  what  might  be  anticijMited  on 
phyaiciil  principles. 

43U.  Again,  the  degree  of  ntoiglure  centred  in  a  heated  atmosphere, 
makes  a  great  difference  in  the  degree  of  elevation  of  temperritui-e,  which 
may  be  sustained  without  inconvenience.  Many  instances  are  on  record, 
of  a.  heat  of  from  2B0°  to  2S0°  being  endured  in  dr;/  air  for  a  eonaider- 
ablc  length  of  time,  even  by  persona  unaccustoTned  to  a  particularly  high 
temperature;  and  persona  whose  occupations  are  such  as  to  require  it, 
can  suiilaiu  a  much  higher  degive  of  beat,  though  not  perhaps  for  any 
long  perio<L  The  workmen  of  the  late  Sir  F.  Chantrey  were  aceus- 
tgmed  to  enter  a  furnace  in  wLieh  Ins  moulds  were  dried,  whilst  the 
floor  was  red-hot,  and  a  thenutimeter  in  the  air  stood  at  350°;  and 
Chabert  the  "  Fire-king,"  was  in  the  habit  of  entering  an  oven  whoBo 
temperature  was  from  400°  to  600".+  It  is  possible  that  these  feate 
might  be  easily  matched  by  many  workmen  who  are  habitually  exposed 
to  high  temperatures  ;  such  as  those  employed  in  Iron-foundries,  Glass- 
housea,  and  Gas-works.  lu  all  these  iu.ftauces,  the  dryness  of  the  air 
fnmlitates  the  rapid  vaporization  of  the  fluid,  whosi>  secretion  by  the 
Outancoiw  gtandulie  is  promoted  by  heat  applied  to  the  surface;  and 
the  large  amoimt  of  calorie  which  is  consumed  in  this  change,  is  for  the 

*  The  Author  bu  been  infonned  hy  Sir  John  Biobardauu,  that  iu  his  Uat  Atvtii-  Bip«ili- 
tinti,  whiLM  Nt  wiatar-quirMn^  he  vu  UFUstomcl  lo  i^  rmiD  his  sittlng-ruum  to  tlie 
iBRgnelic  otMervatorr  at  ■  short  dtHMoi«  (about  an  ordinary  street's  breadth),  wilJurat  feel- 
ing it  ntmmkrj  even  to  put  on  a  ^nt-coat ;  althoii^li  the  temperature  of  tW  formiir  wu 
alHint  £0",  and  thnt  of  the  nir  throut;h  whieli  he  hivl  to  piUB  to  Ike  latter  was  — fiU°,  the 
diCTereniH  btnoK  100°.  This  immuDily  from  ehilling  iDRnenro  wus  uhietlj  attribuULhlu  Ui 
the  dryntM  and  niilhtcm  of  the  atmosphere ;  bat  it  ie  worthy  of  not£  that  Sir  J.  it.  Had 
the  whole  of  Iub  [arty  on  this  mpeJition,  sbstiunetl  entirely  (ruia  alcoholic  liiuors ;  and 
tiio  Author  ha*  retraved  Mb  pcnonal  asnjanco,  that  bin  eipi-rieuec  on  thi»  orcaidon  fully 
Uirc'OUt  hix  previcnu  GonTictiDn,  that  eontiaDeil  Severn  cold  in  muf/i  ^Ifn- home  vithunt 
nuaiinc  ta  thKW  liquon,  than  noderthe  employment  of  tljnm. 

+  The  wondorful  feata  performed  tpy  many  individuals  fri^m  tiiue  to  time, — of  dipping 
llw  haut  into  nelud  lead,  laying  hutd  of  a  re<l-hnt  iron,  Ac, — have  been  recently  ahuwa 
by  U.  d«  BouCigny  to  be  eti>licable  Dpun  very  simplu  principles.  For  in  all  gneh  eaaea.  a 
Ibio  IlliD  afai|ueuud  fluid  iii  the  'spberinil  atnte'  interycnUB  between  the  skin  andtheheat«d 
vxrhtv;  atui  a  hAiid  whij^b  is  naturally  damp,  or  which  has  been  Hli^htfy  D]oi«tefie<1.  may 
be  nfdy  |w«Aei1  Int^}  tb^  titream  il  molten  iron  as  It  flows  fruni  tbe  furnace ;  as  was  dcmon- 
•Inleil  by  M.  ile  tJuuli^y  at  tlie  meeting  of  the  British  Astwciatiua  at  Ipswich  in  Ifilil. 
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luoat  [iiirt  withdrawn  from  the  body,  the  temperature  of  whkb  b  liw 
kept-do  WD. 

431.  Exposure  to  a  very  elevated  temperature,  however,  if 
for  n  sufficieut  leugth  of  lime,  does  produce  u  certain  elemtioD  of  I 
the  bo<iy :  as  might  be  expected  from  the  statements  &lrMdy  i 
if^pird  to  the  v.iriation  in  the  heat  of  the  lx>dy  with  ehange*  in  . 
spheric  temperature  (§  427).     In  the  ejt]>eriTnL'nts  of  MM, 
Deliu'oche,*  it  waji  found  tluit,  afWr  the  body  had  been  exiioeed  tnl 
12iJ°  Juriufi  17  miuiitca.  a  thermometer  plaeed  in  the  oioiiih  rewi 
T°  iiViove  the  orilioary  temperature;  it  may  lie  remarked,  ho» 
a£  the  b<~>ily  was  immerved  iii  a  cluse  hox.  fi'om  which  the  hold  | 
(in  order  to  aroid  the  lUreet  influence  of  the  heated  air  on  ihi- 
ttire  of  the  mouth),  tlie  aii-  bad  probably  become  charged  with  the  i 
exhaled  from  the  surface,  and  had  therefore  st-mewhst  of  the  i 
moiat  atmosphere.      At  any  rate,  the  temperature  of  the  body  i 
appear  to  rise,  under  any  eircumstnaces,  to  a  degree  very  miwli 
than   this,      in  one  of  the  experiments  of  Dra  Fordyce  and 
the  temperature  of  a   Dog,  that  had  been  ^hut-up  for  half-an-hour  111 
chamber  of  which  the  tcinpurature  was  between  220°  and  33^*, ' 
found    to  have  risen  from    101"  to   alMut   108°.      SO[,  I>ehin>che 
Berger  tried  Beveral  experiments  on  diflerent  speeiee  of  aulnialii,  in  i 
to  a&cerbun  the  highest  temperature  to  which   the  body  cuulil   Im 
without  the  destntction  of  lO'e,  by  inclosing  them  in  air  heated 
to  201°,  until  they  died:  the  result  waa  very  uuifnrni.  the 
of  the  body  at  the  end  of  the  experiment  only  varying  iu  the  'tit 
H|ieciea  between  11°  and  13°  above  their  natural  ^tiudani :  whenw  n 
may  be  infeiTed,  that  an  elevation  to  this  degree  must  l)e  6ttaL     ~ 
elevation  would  be  iittaincd  comparatively  soon  in  a  nwisf  xtnto^^a 
[lartly   because  of  the  greater  conducting   power  of  the  mcliufu. 
principally  on  account  of  the  check  which  is  put  upon  the  Tajwr 
of   the   fluid   secreted  by  the   skin.      Even   here,  however,  custom 
ac(iuire<l   coiuititution  have   a  very  striking   influence;    for    wl 
inliabitanis  of  this  country  are  unable  to  sustain,  during  luorv  i 
or  1 2  minutes,  immersion  in  a  vapour-bath  of  the  temperature 
or   120°,  the   Finnish   peasantry  remain  for  half  an  hour  or  more  iaj 
vapoiir-batli  whose  temperature  finally  rises  even  to  IflS*  or  167'.- 
Aceuratc  experiments  ait;  yet  wanting,  to  determine  the  intiuenw  < 
humidity  on  the  effects  of  cj/tl  ah;     From  exfierunenia  on  vouni*  Bir 
iiieupable  of  maintaining  their  own  temperature,  of  wliich  lu-ia-^  *b 
placed   in   cold   dry  air,  and   others  in   eold   air  charged  with   mo 
it   was  foimd  by  Dr.   Edwards  that  the  loss  of   heat   was   in   l«illi 
stancea  the  same ;   the  effect  of  the  evaporation  from  tlie  siirfiu* 
the  former  cosc^  being  counterbalanced  in  the  latter  by  the  ilepr 
influence  of  the  cold  moisture.      This  influence,  the  existence  of  whii 
IB  a  matter  of  onlinary  experience,  is  pi-obably  exerted  directly  upon  tht . 
Nervous  system. 

432.  Having  thus  considered  the  general  fects  which  indicate 
faculty  possessed  by  the  living  syateoi,  id  Man  and  the  hi^er  . 

*  "  Eipirienoes  nir  lee  BStita  qa'nne  forte  Ch&leor  pnxluit  but  rBoanomit^ 
ISOB:  and  "Journal  de  Phjgiiine, "  touiea  Ldii.,  lixi.,  ct  luTii. 
f  "  Fhiluwpbicii)  TrannwtJonB,"  1T7&. 
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of  keepiofj-up  its  temperatutv  to  an  elerutod  Btandard,  and  of  prevcrntiiig 
it  Irom  bt'ing  raised  luucli  lieynnd  it  by  any  rlegreu  of  extemivl  heat,  we 
bav^  Dt'it  to  inquire  to  what  thia  faculty  is  dtie.* — It  niuy  be  Htai«d  as 
a  general  faot,  tlmt  every  elmngc  in  the  couditiou  of  the  organic  com- 
ponents of  the  body,  iu  which  their  eleinent.3  enter  into  new  coiiihiua- 
tions  with  Oxygen,  mimt  hn  a  source  of  tlie  develo[.'inent  of  Heat,  And 
as  we  hjive  seen  that  a  eonsideralile  pai-t  of  the  carbonic  acid  and  water 
which  are  exhaled  in  Respiration,  is  formed  witljiu  the  body  by  the 
metiiniorpbogis  of  its  own  tis^rues,  and  tluit  tliia  meUtinurphoHis  in  pro- 
moted by  the  active  exercise  of  the  nervo-muscular  njiparatus,  it  follows 
that  in  animals  whose  habits  of  life  arc  peculiarly  active,  whilst  the 
temjierature  of  the  Hurroun<liiig  medium  is  sulEciently  high  to  prevent 
ita  exertin;;  any  considerable  cooling  intluence  over  them,  tlie  comhustive 
pnMieai  thus  niiuutained  may  he  ade(|Uate  for  the  maintenance  of  the 
temperature  of  the  bo<ly  at  its  normal  standard.  This  Rcems  to  be  the 
case  with  the  gi-cst  Carnivorous  quadru[>ed9  of  warm  climates,  and  with 
certain  nices  of  Men  who  lead  a  life  of  incessant  activity  like  theire. 
But  whenever  the  cooling  influence  of  the  atmosphei-e  is  greater,  or  the 
retn^rade  nietanioriihoBis  of  tissue  takes  place  with  less  activity,  some 
further  flupf>tyof  heat-produeing  material  is  leipiired;  iind  this  is  derived 
either  diiectly  from  the  food,  or  fioin  a  st«>re  previously  laid-up  in  the 
body.  Although  the  albuminous  and  gelatinous  comjwuonts  of  the 
food  may  be  made,  by  dccom position  witliin  the  body,  to  yield  sacchaiine 
and  oleaginous  compounds  which  serve  as  an  immediate  pahulinn  to  the 
combnutive  process  (|  A.Q'2).  yet  this  metamoi'phosis  involves  a  great  waste 
of  valuable  nutritive  material ;  and  the  needed  supply  is  much  more 
nilvantageouHly  derived  at  once  from  those  farinaceous  or  olei^;inoua 
substances,  which  are  furnished  in  abiuidance  by  the  Ve(fet4ible  kingdom. 
the  hitter  also  by  the  Animal  (§  54).  No  rea-souable  doubt  can  any 
longer  be  entertainwl,  that  the  protJuctiou  of  Heat  by  the  combustive 
process  is  the  piirpose  to  which  these  substances  are  destined  to  be 
substTviont  in  the  bodies  of  Heibivoraus  animala  and  of  Man  ;  and  the 
resultn  of  experience  in  regard  to  their  relative  heat-producing  fmwers, 
are  in  precise  accordance  with  the  indications  afibnJed  by  their  chemical 
comjxisition. 

433.  Our  know[i>dge  of  the  dependence  of  all  the  vital  processes  in 
warm-blooded  animals  npon  the  Heat  of  their  bodicB,  and  of  the  depcn- 
dtmcfl  of  their  calorifying  power  upon  the  due  supply  of  materinl  for  the 
oombustive  process,  has  received  aonie  remarkable  additions  from  the 
experiments  of  M.  Chosaat  upon  Starvation.t  He  found  that  Birds, 
when  totally  deprived  of  food  and  cb'ink,  aiiiTered  a  prc^jreBsivc,  though 
siight,  daily  diminution  of  temperatmv.  This  diminution  was  not  so 
much  nhown  by  a  fall  of  thoir  maximum  heat,  aa  by  an  increase  in  the 
diurnal  variation,  which  he  aifcertained  to  occur  even  in  the  normal  state 

*  It  WM  niEnnecl  bj  Dr.  Gnmiille  <  "PHI,  Trans,,"  1825)  thiit  liie  tampeniture  >if  the 
uleruB  iliiridj:  pirtnritioD  aimrtinies  riles  m  high  u  120".  Id  some  ubBerTatiuna  m«ili:  ut 
the  PhiUtlfl|)hiB  UospiUil,  howeyer,  at  the  desire  of  Prof.  Dunglisou.  the  (emperataro  of 
the  alems  wu  DfA  foam)  to  be  modi  abov^  thAt  of  the  Tpij^i^a ;  tlie  fotmtr  Iteicg,  Id  three 
eww,  10a°,  103',  aurl  100°,  wiiilst  the  latter  nsa  lOO",  100",  and  105°.  |Fruf.  DuugU- 
•oo'»  '■  Human  Phyiii4<ijO,"  Tlh  pUl.,  vol.  ii.  p.  226). 

+  "  Recherche*  Eijierimenljiies  but  I'lnonitioD,"  PnriB,  1943 ;  an  aaalyBis  of  this  irork 
•ill  be  found  in  tha  *'  Bril,  sod  For,  Med.  ttev.,"  April,  1844. 
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(§  437  tl).  Thi.-  averse  variation  id  the  itianiliritcd  stal«,  wu  aboit  I'l 
(iiistead  of  I^°),  graduoUy  increasiiig  as  the  iLuimaJ  becaun'  Bnilirf  ' 
moreover,  the  gradunJ  rise  of  temperature,  which  should  liHve  1 
between  miduight  and  noon,  was  retarded;  whilst  the  fitll  si^' 
to  noon  commenci?d  much  earlier  than  in  the  healthy  statr ;  .-' 
average  of  the  whole  day  waa  lowered  by  about  4^",  betwie«n  tlif  ^"rt  m-^ii 
tlie  penvMmate  days  of  this  condition.  On  the  last  day,  the  prnjiirlldaj 
of  heat  diminiaheJ  very,  ru^tdiy,  aud  the  thermninetor  fell  frviii  ' 
hour,  until  death  supervened ;  the  whole  \osi  nn  tliut  day  Wing  i 
Fahr.,  making  the  lotn}  depression  about  29^",  This  depn.'asi'.'U 
from  the  coiisiderjitions  to  lie  presently  stated,  to  Ite  the  iiniiinli.i!.- 
ot  Death. — On  examining  the  amount  of  Ic^s  sustained  by  tli 
organs  of  the  body,  it  wna  found  that  93  per  cent,  of  the  /''' 
appeared ;  being  all,  iu  feet,  which  eovtd  be  removed  ;  whilst  \\w  i 
centres  scarcely  exJiibiled  any  diminution  iu  weight  (f  7Uj.  Fron  I 
constant  coiiicideuce  between  the  entire  eonsnmption  of  the  fiit,  and  ' 
depression  of  temperature, — -joined  to  the  fact  that  the  dtmtion  ' 
under  the  inauitialing  pi'ocess  evidently  varied  (other  things  hning4 
with  the  amount  of  fat  previously  accumulated  in  the  body, — tlie  infl 
seems  irresistible,  that  the  caloritying  process  depended  clueflf,  if  i 
entirely,  on  the  materials  snpplieil  by  this  eubgtanoe.  Wheuffver,  i 
fore,  the  store  of  wmbuatihle  matter  in  the  system  was  eKhausteil,  ( 
iuanitiated  animals  died,  by  the  cooling  of  their  bodies  conseqacnt 
the  loss  of  calorifying  [wwer. 

434.  That  this  is  the  real  explanation  of  the  fact,  was  shown  )iy  I 
results  of  a  series  of  very  remarkable  experiments  performed 
ChoBsat,  with  the  pnqMtse  of  testing  the  correctness  of  this  view. 
inanitiated  aiiimajs,  whose  death  seemed  impending,  (death  luiWng  i 
taken  place  iu  sevenU  iiistancen,  whilst  the  preliminary  proceMes  of  wd^ 
ing,  the  application  of  the  thermometer,  ic.  were  being  performejj, ' 
subjected  to  artificial  heat,  they  were  almost  unifomilv  restored,  &mi 
state  of  iusennibility  aud  a-ant  of  muscular  power,  to  a  condition  oft 
parative  activity ;  their  temjjerature  rose,  their  muscular  power  i 
they  flew  about  the  room,  aud  took  food  when  it  was  presented  to  I 
and  if  the  artificial  assistance  was  sufficiently  prolonged,  and  tlxrr  ' 
not  again  subjected  to  the  starving  process,  most  of  them  reewverwl 
they  were  left  to  themselves  too  early,  however,  the  digestive  proocati 
not  performed,  and  they  ultimately  died.  Up  to  the  time  wbenl' 
b^an  to  take  food,  their  weight  continued  to  diminish ;  the  : 
being  renewed,  under  the  influence  of  artificial  Ileal,  sometimes  Ut  I 
siderable  amount.  It  was  not  until  digestion  hud  actually  taken  i 
(which,  owing  to  the  weakened  functional  power,  was  conimonlv  i 
n«un  Bubsequenlly  to  the  ingestion  of  the  food),  that  tlie  animal 
any  power  of  generating  heat ;  so  that,  if  the  externa]  source  of  heal 
withdrawn,  the  body  at  once  cooled ;  and  it  was  not  until  the  qiiantit 
of  food  actually  diijegtcd  waa  suflicient  to  support  the  wants  of  thu  body; 
that  its  indejiendent  power  of  calorification  returned  It  is  to  l>e  reaic 
bercd  that,  in  such  cases,  the  rcsoureea  of  the  body  are  on  the  point  < 
being  completely  exhausted,  when  the  attempt  at  re-animation  is  mub;' 
oonsequcntly  it  has  nothing  whatever  to  fall-back  upon ;  and  the  Wvinj 
it  to  itself  at  any  time  until  fresh  resources  have  been  provided  for  it,  ii. 
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OfmswiTiently  m  oertwn  a  cause  of  death,  us  it  would  hare  been  in  the  first 
iuBtanci!. 

43.5.  It  can  Bcurcely  bo  questioned,  from  tlio  aimila.i-itv  of  the  pheno- 
mena, thut  Tnaiiitiation,  with  ita  tousei|Ueut  di'pteasiriri  of  tetnperatiire,  is 
the  inLuediiitf  ULUse  of  death  iu  vnriuUH  Diaeitses  of  Exhaustion ;  and  it 
seems  probiible  that  there  are  many  cases,  in  whieh  tlie  fkiiircssirj;  caiise 
is  of  tt  tempoiTury  nature,  and  in  whicli  a  jndiciriUH  anrl  timely  a]i]iiiciitioo 
of  artificial  heat  might  prolonjj  life  until  it  ha.i  passcd-oaija.staa  artificial 
respiration  is  sorvioeable  in  cases  of  narcotic  poiBoniDg  (§  224).  It  is 
especially,  perhaps,  in  those  fomLs  of  Fever,  in  which  no  decided  lesion 
<Bn  he  discovered  after  death,  that  this  view  has  the  strongest  claim  to 
reception;  and  the  beneflciii,!  result  of  the  administration  of  Alcohol  in 
Boch  conditions,  and  thi'  large  amount  in  which  it  may  be  given  with 
impunity,  may  pmliably  lie  aocountud-for  on  this  principle.  Thut  it  nets 
as  a  specific  stimidiis  to  the  Nervous  system,  cannot  be  doubted  from  ita 
ertects  on   the   licalthy  body;  but  tliat  it  serves  aa  a  /uel  U>  keep-up  the 

orilyiug  pi-oceas,  appears  etpially  certain.  Its  gi'oat  efficacy  in  siieli 
to  depend  upon  the  readiness  with  which  it  will  he  taken 
einnilatioD,  by  a  simple  act  of  endosmotic  imbibition,  when 
the  6|>eeial  Alwiorlient  process,  dejjendent  u[K>n  the  peculiar  jiowere  of 
the  cells  of  the  villi  (§  121),  is  in  abeyance.  There  is  no  other  com- 
biixtilde  flnid,  wliose  miscibility  anil  whose  density,  relatively  to  that  of 
the  Blooil,  will  permit  of  its  rapid  absorption  by  the  simple  j>hysica] 
process  ad  verted- to.* 

43U.  That  the  oxidation  of  certain  components  of  the  food  or  of  tlie 
tisRuei;  is  the  fimdamental  source  of  Animal  Heat,  is  further  indicated 
T)y  the  dose  cnnforuiity  which  we  everywhere  find,  between  the  activity 
of  the  RespiraUiry  process  and  the  amount  of  Heat  which  is  generated : 
And  this  not  merely  when  we  c(jini>are  different  tribes  of  animals  with 
each  other,  but  also  when  we  comfMH'e  the  amount  of  oxygon  alisorbed 
And  of  carbonic  acid  exhaled  by  the  same  individuals  under  different 
degi'ces  of  external  tem[«--nitarn  (§  31 1>  i).  For  we  find  that  the  system 
pOBsemes  within  itself  a  reifulnting  power,  by  which  the  combtmtive  pro- 
cess is  ftwgmented  in  activity  when  the  oooliug  inlluencc  of  the  surround- 
ing medium  is  considemblc,  so  that  this  influence  is  resisted  ;  whilst  the 
internal  fire  (so  to  spi-ftk)  is  slackened,  whenever  the  temperatui-e  of  the 
(juter  air  rises  so  much,  as  to  render  the  same  generation  of  heat  no 
longer  reijuisite.  The  ap]>etite  for  food,  and  especially  for  those  jair- 
ticular  forma  of  it  which  best  afford  the  combustive  [labulum,  varies  in 
the  Bam e  degree;  and  thus,  when  sujiplied  with  appropriate  nutriment, 
Man  is  able  to  brave  the  severest  cold,  without  suflVring  any  considerable 
depresainn  in  his  bodily  temperature. — It  would  aeetri  that  the  Cutaneous 
Riwpiration  (^317),  small  as  its  amount  is,  promotes  thate  molecular 
i^hanges  on  which  the  maintenance  of  Animal  Heat  depends ;  for  it  was 
found  by  MM.  IJcciuerel  anil  Breschet,+  that  when  the  hair  of  Rabbits 
was  shaTed-olf,  and  a  compoaitiou  of  glue,  auet,  and  resin  (forming  a 

*  The  AuClinr  hsa  MAled  tht  veiy  utrikiaji  rsmltB  of  obsemtioBB  which  be  has  hail  Lho 
opportunity  of  making  njnpn  thU  puint,  in  liis  Bsiaj  "  The  Phjaiolcgj  of  TiimpcrnnuB  iind 
'RiLiI  Abalineucc,"  g  SIS, 

t  "  Compti.?  ili'udns,"  Oi^l.  1^41.  Tliese  aipcrimoDts  havo  beea  re[>Biiit«d  and  cunfinaed 
hf  MiigEndie("0ti«neM6di«le,"  Dec  S,  1843). 
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coating  impermtnble  to  tbe  uir)  yna  applicJ  to  tlic  wI>ol«  euiiiB^  I 
tempeniturt  raiiidJ y  felL  notTritlistuuding  tbe  olistacle  thua  offend  tn  1 
evaporation  of  the  sweiit,  whereby,  it  might  be  supposed,  llio  tvBi|N 
of  llie  body  would  be  comidembly  eltivat«<L     In  tlie  firvt  nUiit, ' 
hod  a  tempei-aturc  of  lOU''  before  being  shaved  and  platterad.  it 
falleti  to  Hi)^'  by  the  time  the  luaiei-iol  ajireud  over  him  waa  dry. 
hour  afterwards,  the  thenniiiueter  pluued  in  the  same  purts  (thi>  nwclMd 
the  thigh  and  cheat)  had  descended  to  76".     In  auother  rabbit, 
with  more  care,  by  the  time  that  the  plaster  w&e  dry,  the  teiuf 
the  body  was  not  more  tliim  5^°  above  that  of  the  Burroundiiig  : 
wliich  was  at  tbrtt  time  G'J^";  anil  in  an  hour  aSber  thia,  the  . 
— These  experiments  place  in  a  very  atiikiiig  point  of  view  the  ifl 
tance  of  the  cutaneous  surface  as  a  respiratory  organ,  even  in  thi-  Vif 
animals;   and  they  enable  us  to  uuderatond  how,  when    thn 
power  of  the  I.ungs  Is  iicirly  destroyed  by  disea^^,  the  heal  of  tJia1 
is  kept-up  to  its  uatui-al  stau(hki-d  by  the  action  of  the  Skin.      A  rail 
therajieutic  indication,  also,  is  derivable  from  the  knowletl^  wludi  I 
tiiUBgain.  of  the  importance  of  the  cutooeous  reepiratiooi   for  it  I 
to  peFoedve  the  desirableness  of  keeping  the  skin  moist,  in  thuae 
diaeafies  in  whivb  there  is  great  heat  and  dryness  uf  the   surhovt  I 
aeration  cannot  properly  take  place  through  a  dry  memltnuie.     Of  ' 
relief  atlbrded  by  cold  or  tepid  sponging  in  such  caaea,  exp«vie 
given  ample  evidence. 

437.  It  has  been  held  that  the  Chemical  theory  of  CaloriticatiM  I 
insufficient  to  account  for  the  totalamotmt  of  Ueatgenerat^tl  liyai 
blooded  atiiiual  in  a  given  time;  thiti  assertion  being  fouudt^  u]nibi 
experimental  results  obtained  by  M.  Dulong.     M51.  Kabre  and  rtil 
maun*  have  shoH-n,  however,  that  the  original  estiniates  require  cnr 
for  the  true  calorific   equivalents   of  carbon   and   liydrogen ; 
this  correction  having  been  made,  the  heat  produced  by  ihe  oomil 
of  the  Carbon  which  is  contained  in  the  carbonic  acid  eicpireil,  and  I 
combustion  of  such  a  propirtion  of  the  Hydrogen  contained  in  the  i 
haled  water  as  may  be  fairly  considered  to  have  undergone  osvg 
within  the  system  {§  3il),  pi-oves  to  be  adequate  to  compensate  fiar) 
which  would  be  diaaipated  by  the  evaporation  of  all  the  water  tr 
from  the  skin  and  lungs,  and  also  to  uiajntaiu  the  t«m{)eratm¥  of  ' 
body  itself  in  an  atmosjjhere  of  ordinary  coolness.     And  to  the 
bustion-heat  of  carbon  anil  hydrogen,  we  uhould  also  add  thai   '•(  il" 
relatively-minute   quantities  of   Phosphorus  and    Suijihur,   \.  ■ 
undergo  oxidation  within  the  system  (§  414),  whereby  a  small  .u,., 
amount  of  heat  must  be  generated — Through  whatever  diversity  of  ( 
binatious  or  successive  stages  of  oxidation  these  elements  rcspccti* 
pass,  in  their  progress  to  complete  or  final  oxidation,  it  may  be  i 
as  an  indisputable  fact,  that  t/iai/  tjii-e-oiit  predeely  thn  namr  amnad\ 
heat  in  ihe  whole,  as  if  tlity  }vtd  iiiiibrgone  Ut«  mott  rapid  otmAmlimk  i 
pure  (M^i/yii ;  and  thus  we  may  look  to  almost  every  molecular  changv  I 
the  body,  although  pre-eminently  to   those  which  are  concenicil  iu 
dininte'/ration  of  its  t^xtiires  and  in  the  elimination  of  their  iiRKlucti 
Inspiration,  as  participating  in  the  function  of  Calorification. 


■  S«e  their  Memoir  '  Des  Chaleon  de  Combiutiaa,'  is  "Comtil.  Bosd.,''  tnm.  .t  ,«n. 
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438.      It  cftiiiiot  be  denied,  however,  thnt  there  lire  oertaiu  phenomena 
which  seem  at  Hint  sight  tu  be  completely  oppoaed  tii  this  ikictj'ine,  iiiiil 
which  can  searwly  t*  explained  in  aceurdiiucc  with  it,  save  by  n  coii- 
riderable  inodilieHtion  in  our  usuiil   ideas.      The  cliiss  of  tacts  to  which 
reference  is  here  mtide,  ary  those  whieh  indicate  that  Uie  Nervous  System 
has  a  very  iiuportuiit  concern  in  the  proceaa,  and  that  it  l^,  in  fact,  one  of 
the  iuimeiliato  inGtrunieiits  in  the  development  of  heiit.     Thus  it  wm 
eKperimtutiilly  shown  by  Sir  B.  Brodie,'  Uiat  when  the  Bndn  is  cut-off 
from  the  spinal  cord,  or  its  functions  are  siispcndcd  by  the  agency  of  a 
narootiio,  and  nrtiticial  respiration  ia  practised,  so  tliat  tlie  circuhition  is 
nuntainod,  the  body  not  only  loses  heat  rapidly,  but  nuiy  even  cool  more 
rapiiSt/  than  the  boily  of  an  animal  similarly  treated,  but  in  which  arti- 
ficial respiration  is  not  jierfomieJ.     Now  it  iaoerUiinly  tnie,  as  wao  aiilise- 
<pienily  point«d-out  by  Drs.  Wilson  Philip  and  Hastings.f  and  by  Dr.  C. 
Williams,!  ^^**  '■^"-'  eff"-*^  of  th»  artificial  porfonmincc  of  rospinition 
defiends  in  some  degree  upon  the  mode  in  which  it  is  aecoiuplished  ;  for 
that   i£  as  in  most  of  Sir  B.  Brodio's  experiments,  the  insuflltttion  be 
repeated  30  times  or  more  in  a  minute,  the  cooling  eticet  of  the  nir  thuH 
introduced  is  greater  tliiin  the  warming  ertiict  of  the  ini|ierfect  respiratory 
change  to   whicli  it   b<«ome»   subservient;  whilst  if  the  insuthation  be 
repeated  only  12  times  in  a  minute,  the  cooling  of  the  boily,  as  compare*! 
witii   that  of  o  body  in  which  the  circulation  is  not  thus  maintained,  in 
retarded,  iwHttwl  of  being  accelerated-     But  still  it  is  evident  from  Sir 
B.   Bnidie's  eifieriments,    that  the  withdrawal  of  the  influence  of  the 
Kncepholon  has  a  piiaitivyly-depi'esaing  eflijct  upon  the  Calorific  function ; 
for  the  rajiid  fall  of  temperature  took  place  even  in  cases,  in  which  the 
Mumint  of  carbonic  acid  exhaled   during  the   perioiinance   of  artificial 
respiration  was  fully  equal  to  the  normal  quantity;  and  the  subsequent 
experiments   of   MM.    lie    GalIois§   and    Choasat||    arc   decidedly  con- 
firmatory of  this  coiiclnsioii,  wliil.-it  they  eitend  it  to  other  lesions  of 
the  NervouH  centres,  the  iulluence  of  which  upon  the  calorific  function 
apjiears  to  be  proportional  to  their  severity. — Various  pathological  phe- 
ttomeua,  moreover,  indicate  that  the  withdrawal  of  nervous  influroce  from 
wiy  jmrt  of  the  body  nnually  tenih  to  produce  a  dejiressiou  of  its  tern- 
I«-r3turB,  and  this esjiecially  in  the  extremities;  thus  Mr.  H.  EarlelT  found 
the  tempemture  of  pamlysed  liml:>s  slightly  lower  than  tliiit  of  sound 
limbs ;  tto  Prof.  Dunglison  has  noticed  that  in  one  raise  of  hemiplegia  of 
five  months'  standing,  the  teuiI>eriituro  of  the  axilla  was  9<ii''on  the  sound 
side,  and  90"  on  the  [Miralysed;  whilst  that  of  the  hand  wius  ^7"  on  tln- 
nouud  side  and  only  (Uj"  on  the  paralysed;  and  in  another  <«.■*  of  ordy  a 
fortnight's  duration,  the  temiiemtnre  of  the  a^lln  was  1  CIO"  on  the  simnd 
side,  ami  only  11^^°  on  the  paralyaefL  whilst  that  of  tho  hand  wna  94"  on 
the  sound  side,  and  90°  on  the  paralysed.*" 

439.   It  is  a  remarkable  fiict,  however,  that  the  disturltance  of  tempera- 

•  "  PhUowjihiial  TrsimwtiTiiu,"  1911,  1812;  «nd  "  PUy»o!ogical  Rwwrchea." 
t  SwDr.  WilnoD  Pliilip'i  "Kipcrimciital  Bnqiiirjiabitliu  Laaiof  iho  Vitkl  PDOcLinna," 
Snialll..  p.  lao. 

;  -81111111.  JloL-Cliir.  Train.,""  toI.  ii,  p.  1P2. 

f  "  Aniula  lip  (Thlmie."  IBII ;  and  ''  OtiiTe*  lie  M,  I*  (Idtliiis,"  ^'"l-  "■ 

II   "  Mtmnire  nu  I'tndDeiiw  •\e  Sji>t«mi-  Ncrveui  nur  la  Chaleur  Aniiiuilc." 

W\  ••  hMini-Cbiratgical  Ttaiiwu^tiiuis,"  lol.  vii.  ■ 

"   "  Hiitoui  Ph]r«olag7,"  7th  odit,,  ral.  ii.  p.  238.  ^M 
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tnru  produced  l>y  severe  injuries  of  the  Nervoiia  eyttem,  vOOUknUf 
ahowB  itself  in  the  opposite  ilireotion.     Thus  it  lioa  been  noticed  i^muf  I 
experimeater^  thivt  one  of  tlie  first  effects  of  ilivision  of  the  spiiuJ  tui  in 
the  bftck,  iu  wann-blooded  aninuJs,  ia  to  raite  the  teiuiientimuf  t' 
posterior  part  of  the  bodv,  this  elevalaon  continuing  for  som«  hoiat, 
case  is  recorded  by  Sir  B.  Brodie,  in  which,  the  spinal  oonl  haTing  I 
BO  seriously  injured  in  the  lower  purt  of  the  cervicml  region  tW  I 
whole  of  the  nerves  passing-off' below  were  completely  paiulysifil, ' 
of  the  botly,  as  shown  by  ii  thennomet^r  placed  on  the  inside  uf  tha| 
wm  not  leas  than   111°;  and  this   notwithstonding  that  the 
function  vae  very  imperfectly  performed,  the  numlier    of 
being  considerably  reduced,  niid  the  coimtemuicc  being  livid,*      AimII 
Dunglison  states  that,  notwitlL^tnnding  the  uaual  depr^ssioD  of  Um  ' 
momet«r  on  the  hemiplegic  side,  it  is  not  nnfrequently  found  to  }» 
elevated  than  on  the  sound  3ide.t     According  to  the  recent  exjieri 
of  M.  CI.  Bernard  J  it  appears  that  an  elevation  of  tempernturecoo 
takes  place  oa  one  side  of  the  lace,  when  the  trnuk  which  nc 
Sjrmpathetic  ganglia  of  the  neck  on  that  side  ts  cut  through  ;  this  in 
being  not  only  peivejitihle  to  the  touch,  but  showing  itself  hy  »l 
mometer  introduced  into  the  nostrik  or  ears,  even  to  the  extent  at  f 
7°  to  11"  Fahr.     When  the  superior  ceri-ical  ganglion  is  removnl.  I 
same  effect  ia  produced,  and  with  yet  greater  intensity.      Tliis 
ia  maintained  for  many  months,  and  is  not  apparently  eounectml  vitHt 
occurn'nce  of  inflammation,  congcsdon,  oedema,  or  any  othn- 
gical  change  iu  the  tissues,  though  the  sensibility  of  the  p«rto 
affected  is  no  less  aiigmeniett  than  their  temperature  ;  monwvtf,  ttj 
not  ]>revente<l  from  manifesting   itself  by  the  division  of  any  '>f  i 
cerebro-apinal  nerves  of  the  face.     The  fiict,  however,  appears  to  lie 
ciently  explained  hy  the  relaxation  of  the  walla  <ti  the  smaller 
(producing  a  state  resembling  a  jxirmanent  'blush'),  mid  the  i 
increase  in  the  nlliiis  of  blood  to  the  part,  which  has  been  ahown  tyl 
Aug.  Waller  to  result  from  tlda  operation.     (See  §  257.) 

iW.  The  influence  which  conditions  of  the  Nervous  System  are 
shown  to  possess  over  the  function  of  Calorification,  has  led  soniP  Phy 
Ic^islA  and  even  Chemists  to  the  concluaiou,  that  the  prnductiou  of! 
18  essentially  depeudent  upon  Nervous  agency,  of  which  it  is  ooo  I 
manifestations.  But,  as  Prof  Liebigjustly  observes, "  if  thhf  view  I 
chemical  action,  or  changes  in  the  arrangement  of  the  elcmeuh 
tides,  as  a  condition  of  nervous  agency,  it  means  nothing  else  than  I 
derive  the  presence  of  motion,  the  manifKrtation  of  foree.  from  nu 
But  no  force,  no  ]X)wcr,  can  come  of  nothing."5  Tliat  the  pumluction  1 
heat  in  living  bodies  may  take  jilace  without  any  possible  i 
Nervous  agency,  is  luauit'est  from  the  jiheuomena  of  Veg«t«falo  1 
PrdiG  of  Coup.  PHYa.,§43y);  and  there  can  In:  no  reasonable  doah 
the  source  of  this  protluction  ia  a  true  eomhiistive  proceae.  And 
evidence  afforded  by  the  jwat-mortem  production  of  heat  in  the  Hb 
subject  (5  i'2S)  conclusively  points  to  the  same  result;  more  pkrtie 

*  "Hedi'-alQuetle,'' JuBs,  1S3«;  uid  "  Fbjsioloelc&l  B^Earebei,-' p.  IS. 

+  "Anier,  Ms.1.  Iiitelligenrer,"  Oct.  18,  IS33. 
1  "  IJaii'tto  .Mwlicnle,"  Fevr.  21,  1862. 
I  "Animnl  Chsmietrj,"  3nJ  edit,  p.  30. 
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as  the  olevntioD  of  temperatnre  obseryed  in  the  brain  was  nniforraly  less 
tliaD  that  which  was  iiuiiiifested  in  other  large  organB. — But  thu  pheno- 
mena  just  (^niiinontted  (imd  [uany  others  tbiLt  might  bo  cited)  tau  acarcGly 
1w  accoiintod-ftir,  without  admitting  that  the  Nervous  sj-atem  exerts  au 
important  modilying  power  upon  the  temperature  of  the  body,  wLieli 
may  be  either  elevated  or  depressed  through  its  agency ;  and  the  (jueation 
now  iirisea,  whether  this  operation  takes  place  through  the  influence  whioh 
the  Nervous  system  exerts  over  the  molecular  pi-occssee  of  Nutrition, 
Secretion,  kc,  or  through  some  more  direct  method.  It  can  scarcely  be 
denied  that  the  lirst  of  these  cliannebi  affords  not  merely  a  possible,  but 
also  a  probable  meaua,  for  the  exorcise  of  anoh  infl\ienoe ;  but  atill  it  is 
difficult  to  conceive  that  any  groat  effect  can  bo  thus  produced,  Binco,  a^ 
already  nhown,  it  is  not  so  much  in  the  growth  ns  in  the  disintegration 
of  taxturuB,  that  heat  is  produced  by  the  oxidation  of  their  components. 
On  the  other  hand,  from  the  close  relation  which  exists  between  the 
Vital  and  the  Physical  forces  (See  Purac.  of  Ges.  Phys.),  it  can  scarcely 
Ixi  regarded  aa  improbable  tjiai.  the  Nervous  force,  genei'ated  by  molecular 
clianges  lu  the  Nervous  substance,  may  manifcjit  itsell'  under  the  form  of 
Heat,  just  as  we  know  that  it  manifests  itself  (in  the  electric  Fishes,  Ac.) 
under  thnt  of  Electricity.*  And  thu*  it  is  quite  conoeivablo,  that  one 
mode  in  which  alimentary  materials  may  be  applied  to  the  maintenance 
of  Animal  Heat,  may  consist  in  their  subservience  to  those  molecular 
changes,  which  seem  to  take  place  in  the  Nervous  substance  with  more 
activity  tliau  in  any  other  tissue ;  and  thus  a  large  measure  of  caloric 
fliHf  be  generated  through  the  immediate  instrumentality  of  the  Nervous 
Sfstem,  notwithstanding  that  the  ultimate  source  of  its  development  lies 
(as  iu  the  Cliemical  theory)  in  tlio  oxidation  of  tlio  elements  of  the  foo(L 
— Such  an  hyiMjthesis  will  Im  found  consistent,  the  Author  believes, 
with  all  the  wull-ruioertained  facts  of  the  case ;  for  whilst  it  assigns  their 
full  value  to  all  those  proof;;,  which  establish  (in  his  mind)  the  neceR.SBiy 
d^iendence  of  Colorili cation  upon  tlie  changes  to  which  the  Respiration 
ifl  subservient,  and  thus  upon  the  supply  of  combustive  material  on 
the  one  hand  and  of  oxygen  on  the  other,  it  also  assigns  a  detinitc  Tnodun 
Vperofuli  to  the  Nen'ous  tiyatem,  as  an  iu.stniment  largely  concerned  in 
the  production  and  distribution  of  the  heat  thus  generated, — this  7iio<lii* 
operandi,  moreover,  being  in  such  complete  harmony  with  the  other 
mutifeHtMtions  of  Nervous  power,  that  its  exist«Dce  might  almost  have 
been  predicated  ujion  general  considerations,  t 

441.  We  have  now  to  inquire  whether  the  pouter  of  generaliitff  JIwl 
is  po«e9Bed  by  the  Human  subject  in  au  equal  degree  at  all  ages:  this 
question  being  very  different  from  that  of  the  ordinarij  temjifftitnre  of 
ike  body  at  the  various  periods  of  life;  ainoe  an  individuitl  who  can 
maintain  a  high  temperature  when  the  surrounding  air  is  moderately 
warm,  may  have  very  little  [X)wer  of  bearing  continued  exjiosure  to 
severe  cold.  Important  analogical  evidence  on  this  jtoint  has  been  supplied 
by  the  ex])erimenlfi  of  Dr.  W.  F.  Edwards  upon  the  lower  Mainimdia, 
Birds^  AcJ    It  appears  fi'oui  these  to  be  a  general  tiict,  that,  the  younger 

•  8«e  "  Frine.  i.f  Comp.  riijB,,"  ^  46Ha6. 

+  S«  the  Aathnr'i  Memoir  'On  the  Mutual  Bfilntiona  of  the  Vilnl  nail  Phjsical  ForCM," 
in  "PhU.  TniDB.,"  1660. 

;  "On  the  Inflnsnee  ofFlijaickl  AdBJits  qd  Life,"  part  iii.  ahap,  i. 
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the  animal,  the  less  is  its  indqwndent  calorifring  power.     Tims  ibi-  il*- ' 

Telopment  of  the  embryo  of  all  Oviparous  aniiuak  is  eutirely  'lc[«iili«l  | 

Hjion  the  amount  of  estemal  warmth  dupplied  to  it.     There  »»  auf  J 

kinds  of  Biris,  which,  nt  the  tiiue  they  issue  from  the  egg.  Bresi>ildlo« 

ill  the  power  of  geueniting  heat,  that  their  tempentture  rapidlj  1 

when  they  are  removed  from  the  nest  and  ptneed  in  a  co]d  almiil 

it  being  shown  Iiy  collateral  experiments,  that  the  lost  of  henL  wu| 

be  attribvttetl  to  the  jibsence  of  feathci-s,  nor  to  the  extent  of  aur 

posml  in  com|)arisoii  with  the  bulk  of  the  body ;  and  that  nothiiigl  _ 

fthsohite  deficiency  in  the  power  of  generating  it,  wouhi  lutviunt  for  I 

fill!  of  temperatui-e.      This  is  quite  conformablf  to  facts  wdl  n^eer 

in  regai-ci  to  Mammalia.     The  ftetus,  during  intra-iiterine  life,  \ias  lio 

power  of  kee|)ing-iip  ita  own  tenijieniture ;  and  iu  many  caaes  it  is  i 

dqienilcnt  on  eiternal  wannth,  fur  some  time  after  birth.     Tbed* 

till  a  dependence,  however,  differs  greatly  in  the  various  species  of  1 

malia,  as  among  Bii'd?;  being  leas,  in  projiortion  as  the  general  devd 

inent  is  advanced.      Thus,  young  Guinea-pi^  which  can  rua-ahonl  i 

pick-up  food  for  themselTea,  almost  as  soon  as  they  are  bom,  ate  i 

the  first  independent  of  parental  warmth;  whilst  "U  the  othiT  hand,) 

young  of  Dogs,  Cabs,  Rabbits,  &e.,  which  are  bom  blind,  uiil  wliifh  i 

not,  for  a  fortnight  or  more,  acquire  the  same  development  with  the  p 

ceding,  rapidly  lose  their  heat  when  withdraH-n  from  contact  wilh  I 

body  of  the  mother, 

4-12.  In  tho  Human  apecieB,  it  is  well  known  that  external 
ia  necessary  for  the  Infant,  ita  body  rapidly  losing  hent  when  dp 
to  the  chilling  influence  of  a  low  temperature;  but  the  fact  ia  ttny  ■ 
neglected  (under  the  erroneoua  idea  of  '  hardening'  the  constilnt 
during  the  early  years  of  childhood.  It  ia  to  be  carefully  rL'nieiuli 
that  the  devtlopment  of  Man  is  slower  than  that  of  any  other  atiin 
and  that  hia  caloritying  power  is  closely  connected  with  his  geiiend  I 
vigour;  and  though  the  infant  becomes  more  independent  of  it  as  i 
lopment  advances,  it  is  niany  years  before  the  standard  can  bemainb 
without  assistance,  throughout  the  ordinary  vicissitudes  of  ei 
temperature.  Especial  care  ia  required  with  regard  to  the  mnJnt 
of  the  bodily  heat  byartificial  wannth,  in  the  case  of  children  proniatn 
born ;  for  the  earlier  the  period  of  embryonic  lite,  the  less  is  the  [ 
of  caloriS cation  that  exists  for  some  time  af^r  birth.  Tlie  tenipenli 
of  a  seven  months'  child,  though  well  swathed  and  near  a  good  lira.' 
foimd  by  Dr.  W.  Bklwards,  within  two  or  three  hours  aft«r  its  l>iTth,l 
bo  no  more  than  89-G°.  And  in  some  of  the  recorded  insbuicM  f 
which  tho  birth  has  taken  place  before  the  eonipletjou  of  the 
month,  it  ha.s  not  been  found  possible  to  maintain  the  warmth  tit  I 
in&nt  by  exposure  to  tho  radiant  heat  of  a  fire,  the  contnet  of  ' 
warm  body  of  another  person  being  the  only  effectual  means  of  ko 
up  ila  temperature. — The  fullest  measure  of  calnrifyuig  jwwer  i»_ 
Bessed  by  adults ;  but  even  in  them  it  is  sometimes  weakened  by  | 
exertion,  so  that  death  by  the  cooling  of  the  body  may  occur, 
body  is  exposed  to  cold  of  no  great  intensity,  but  in  a  stat«  of  i 
tAon  of  nervous  power;  a  liict  which  remarkably  confirms  th** 
advanced  in  tho  preceding  paragraph.  A  decrease  of  calorifying  | 
takes  place  in  advanced  age.     Old  people  complain  that  their  "  hloud 
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chill;'"  and  they  suffi'i'  gro.itly  frdin  exposure  to  cold,  the  teniperature  of 
the  whole  body  belug  lowerud  by  it 

443.  These  fiict8  have  a  very  interestiny  connection  witli  the  results 
of  attitisticul  inqitiriea,  as  to  the  average  auiubur  of  deaths  at  different 
seMons;  the  following  are  recorded  by  M.  Qiietelet,*  as  occiuTing  at 
Bnuaeld,  the  mean  uouthly  mortality  at  each  age  being  reokouetl  ub  100, 


Pini 

8—3 

ft-Ii 

M— SO 

BO— K 

enTnin 

Jtmurj     -     -     .     _     , 

Hunlh. 

Tmn. 

Ynu%. 

Yain. 

y»«. 

vid  iiLgve. 

l-Sfl 

1'22 

1-08 

1-06 

1-30 

1-68 

Pebniwy 

1-28 

I-IS 

I'OS 

1-0* 

1-2-1 

1-48 

Match 

ISI 

1-30 

1-27 

Ml 

1-n 

l'£G 

April 

103 

1-27 

1-3* 

1-oa 

1-02 

0-U« 

Moj 

0'93 

1'13 

]'21 

I'Oa 

O'SS 

0-64 

Jnne 

0-83 

0-«4 

O'oe 

103 

0'S6 

0-76 

Jalj 

078 

0-82 

0'8a 

0-91 

0-77 

0'l]4 

Aagiint 

0  78 

0-73 

0-82 

0-gs 

0-8fi 

0-60 

Septembur       .      .     ,     . 

0'6a 

0-78 

0-81 

0-95 

0'8a 

O'TB 

Oetubu- 

0-91 

0-78 

0-76 

0'9S 

0  80 

0-7* 

Nanmbtir.     .... 

0'S3 

0-Sl 

O'SO 

0-97 

1-00 

1-03 

Deannbar 

I -07 

1-01 

0-BS 

0-B7 

lie 

1-20 

We  see  from  this  table  that,  during  the  first  months  of  infejit  life,  tho 
ext«mal  temperature  has  a  very  marked  Jufluonce;  for  the  average 
mort^dity  Juriug  each  of  the  three  suinmer  luontbs  being  80,  that  of 
January  is  nearly  140,  and  the  average  of  Febrtiary  and  Slarch  is  125. 
This  is  confirmed  by  the  result  obtained  by  MM.  ViilemnS  and  Milne- 
Edwarils,  tn  their  reaearclies  on  the  mortality  of  the  children  conveyed  to 
the  Founillijig  Hos]]itala  in  the  different  towns  in  France ;  for  they  not 
oDly  ascertained  that  tlie  mortality  is  much  the  greatest  (luring  the  firat 
three  mouths  in  the  year,  but  also  that  it  varies  iu  different  parts  of  the 
kjujirdoia,  aecoriling  to  the  relative  severity  of  the  wijiter.t  As  cliiJd- 
hood  ndviiueea,  however,  the  winter  mortality  diuiiuishea,  whilst  that  of 
the  a]'rii)g  undergoes  an  increase ;  this  is  probably  due  to  the  greater 
prevalence  of  certain  epidemics  at  the  latter  season;  for  the  same  con- 
"iilion  is  observed,  iu  a  still  more  renmrkablo  degree,  between  the  ages 
of  8  and  13  years, — the  time  when  uliildr'en  are  inoBt  severely  alTected 
l>y  such  epidemics.  As  the  oountitution  acquires  greater  vigour,  and 
the  bodily  sti-uctui-e  attains  its  full  development,  tlie  influence  of  the 
season  u[>on  mortality  becomes  less  appoi-ent;  ho  that  at  the  age  of  tram 
25  to  30  years,  the  difference  between  the  summer  and  winter  mortality 
is  very  slight.  The  diliereuce  reap]>cui's,  however,  in  a  veiy  marked 
degree,  ut  d  later  period,  when  the  genei-al  vigour,  and  the  calorifying 
power,  undergo  a  gradual  (liminution.  Between  the  ages  of  SO  and  65, 
it  is  nearly  as  great  as  iu  early  infancy;  and  it  gradually  becomes  more 
striking,  until,  at  the  age  of  'M  and  upwards,  the  deatbs  in  January  are 


ai  <lc  PhyBiiiiiB  Socinle,"  torn.  i.  p.  197, 
f  Dr.  Emermia  hue  ahuvii  tliikt,  ia  the  Sonthern  and  Middle  6tite«  of  North  Ami-rion, 
bhfl  Xi^h  fWmirifr  Ivmperatiire  ja  Lhc  greaUnt  CAUr^  of  lafunt-mortaJEtj  ;  the  proLXJttiou  of 
dettthii  daring  the  liratyeuof  ehihIliW,  octfurvinn  in  tliK  roont)i«  iif  Jnoe,  July,  nnd  Augurt, 
IciiiK  nbnat  faur  limia  gie«l«r  Ihon  tfcal  occurrintr  iluring  Ihu  airot  Eiunlhs  in  niiy  subao- 
incnl  yenr  up  lo  Ihtf  (i^c  of  20.  The  annltr  inurlality  under  the  w^ind  year  niMirccly 
uoiedi  the  iverage  of  nobnequeat  yean.      ("  Ainvr.  JtTur.  uf  MeiL  8ci.,"  Nuv.  1831). 
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158,  for  every  74  in  July  (a  proportion  of  2^  to  I);  and  the  b* 
the  three  winter  months  b  145,  whilst  that  of  the  three  anmmwi 
is  only  68,  or  less  than  one-half. — The  resuha  of  the  coinpnriaons  whiciil 
have  now  been  camed-oot  for  many  successive  yeara,  in  thi>  BtTJorts 
the  Kegiflti-ar  General,  hetwuen  the  variations  in  the  weekly  rate  of  i 
tnlity  in  the  Metropolis  unil  the  range  of  Btmospheric  temperatnip,  \a 
Bent  li  close  coincidence  with  the  foregoing ;  it  being  especially  to  1 
noted,  that  the  rate  of  mortality  (save  during  the  jirevaleuce  of  any  I 
epidemic)  is  almost  invai'iubly  the  highest  during  the  winter  muutlitd 
that  the  increase  of  deaths  at  thut  fteriod  is  most  tnorked 
children  and  old  jieople;  and  that  any  extraordinary  severity  of  i 
cold  coustantiy  produces  a  great  augmentation  in  the  iaor1*iity. 
weekly  nnmber  of  deaths  rising  from  the  average  of  lOi^O  (or  thir 
ftbouts)  to  1200,  when  the  nioou  t«mi)eratwre  of  the  twenty-four 
romiuiis  a  degree  or  two  below  the  froeaing-point. 

Hi.  Having  thiui  considered  the  means  by  which  the  degree  of  H* 
necessary  for  the  ]>erformauce  of  the  functions  of  the  Human  ajtbm,  \ 
generated,  we  have  to  inquire  how  its  temperature  m  prevented 
being  raised  too  high;  in  other  words,  what /riyoW/yfjiy  means  tiwei 
to  counterbolanco  the  influence  of  causes,  which  in  excess  would  • 
wise  be  fata],  by  raising  the  heat  of  the  body  to  an  undue  degreu  (j  i 
How  is  it,  for  example,  that,  when  a  person  enters  a  room  whuee 
sphere  is  boated  to  one  or  two  hundred  degrees  above  his  body,  llio  I 
does  not  pailake  of  tho  elevation,  even  though  exposed  to  the  be 
aomc  timet     Or,  since  the  inhabitants  of  a  climate,  where  iLe  the 
meter  averages   100^  for  many    weeks    togcthiT,  are  coutinunlly  gra 
rating  additional  heat  in  their  own  bodies,  how  ia  it  that  liiia  does  ; 
accumulate,  and  raise  thera  to  an  undue  elevation? — The  mnns  ; 
vided  by  Nature  for  cooling  tho  body  when  necessaty,  are  of  the  i 
possible  chai-acter.     From  the  whole  of  its  soft  moist  surface. 
KvaporaliuTi  will   take   place  at  all  times,  as  from  an  inorganic  bodyini 
the  same  circumstances ;  and  the  amount  of  this  will  be  regulated  uun^J 
by  the  condition  of  the  atmosphere,  as  to  warmth  and   drynesi     Tail 
more  readily  watery  vapour  can  be  diasolveii  in  atmospheric  air, 
more  will  be  lost  from  the  surface  of  the  body  in  this  manner.     In 
weather,  very  little  is  thus  carried-off,  even  though  the  air  Iw  dry: 
a  warm  atmosphere,  already  charged  with  dampness,  will  lie  ntwly  i 
ineflectual.     But  simple  evaporation  is  not  the  chief  means  by  wh 
the  temjioratiire  of  the  body  ia  regnluted.     The  Skin,  as  already  i 
tioneil  (5  421),  contauis  a  large  number  of  gkndulfe,  the  office  of  whidiii 
to  secrete  an  aqueous  fluid;  and  the  amount  of  this  Exhiladon  apjx 
to  d'.'jiend  solely  or  chieHy  upon  the  Itnijieraturs  of  the  cairroimiling  St* 
Thus,  when  the  external  beat  ia  very  gi'eat,  a  considerable  amount 
fluid  is  transuded  from  the  skin ;  and  this,  in  evaporating,  carrie=-off  I 
large  quantity  of  the  free  caloric,  wliicli  would  otherwise  ruse  iho  ' 
peraturo  of  the  body.     If  the  atmosphere  bo  hot  and  dry,  and  alao  l«  9 
motion,  both  exhalation  and  evapoiution  go-on  witli  great  rapidity. 
it  bo  cold,  both  are  checked,  the  former  almost  entirely  so;  bat,  if  it  I 
dry,  some   evaporation   still  continues.      On  the   other   haiul,   in  a 
atmosphere,   saturated   with    moisture,   exhalation    continues,   ill 
evaporation  is  almost  entirely  checked;  and  the  fluid  poured-out  Iiy  < 
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iiiTiiiIhiiI  gtnndfl  accnmulittt^  on  the  Hkin,  There  is  rMaon  to  believe 
tbftt  the  secretion  c<«ituim«,  even  when  the  lioiiy  la  immereed  in  water, 
provided  its  temperature  lie  high. — Wv  leiiru  tiwm  these  facta  the  gi-eat 
iiiipoi'tance  of  not  suddenly  chockiuj;  Ksliiiluti'iu,  by  eipoeure  of  the 
Bur&ce  to  (.■old,  wheu  tho  Hccretiou  is  l>ciiig  nctively  [lei-fonued ;  since  a 
grunt  disturbuuce  of  the  nirciilation  will  he  likely  to  ensue,  similar  to 
tbut  which  has  been  ob-eady  lueutioaed,  aa  oceuiTiug  when  other  im- 
portant Mecretioua  are  euddeuly  suspended. 


3.  Evolution  of  Liijht. 

A^6.  Although  the  evolution  of  Light  from  the  living  Human  xuhject 
ia  an  exceptiiiual  ))heaoffleuan,  which  has  only  been  oltserved  in  morbid 
stfltes  of  the  body,  yet  its  occasional  occurrence  is  fraught  with  iutei'eat 
to  the  Physiol ogi(<t,  on  the  une  hand  from  its  rvlatiou  to  the  Luimuosity 
>jo  common  among  the  lower  auimala,  and  on  the  other  from  the  indica- 
tions which  it  alTords  of  the  pusaibility  of  the  formation,  even  during  life, 
of  peculiar  phosphurettwl  oonipounds,  which,  being  products  of  incipient 
decomposition,  have  been  usually  8up|j08ed  to  be  generated  only  after 
death. — There  is  no  doubt  that  luminous  exhalatiuus  fi«<]ueutiy  ascend 
from  burial-grounds ;  and  that  the  suj)erstitions  of  many  nations  respect- 
ing'oorpso-lighlji'  have  to  this  extent  a  foundation  in  fact.  A  very 
decided  luminosity  has  been  uliserved  to  proct;ed  froni  dissecting-room 
sulijecta,  the  light  thus  evolved  l)eing  Bufficitnt  to  rendei'  the  forms  of 
the  bodies,  as  well  as  tliosc  of  mu.selea  and  other  tliescoted  jwrts  (which 
arc  |)eculiarly  bright),  uimost  aa  distinct  us  in  the  daylight.  That  this 
pro«»^  trom  the  production  of  a,  jieculiar  phos]>horesceut  coni{iouud, 
ia  shown  by  the  laet,  that  the  luminosity  may  be  conmiunioited  to  the 
fingers  or  to  towels,  kc.,  by  contact  with  the  luminous  surfaces.* — Dr. 
W.  Stokes  narrates  the  case  of  a  [latieut  who  was  under  his  observation, 
■omc  years  since,  in  the  Old  Meath  Hospital,  having  been  admitted  on 
ftOcouDt  of  an  enomioua  cancer  in  her  breast,  which  was  in  an  advjmced 
at«ge  of  ulccjRtion,  the  edges  being  irregular  and  everted ;  every  part  of 
the  base  and  edges  of  this  cavity  was  strongly  phosphorescent,  the  light 
Wing  sufficient  to  enable  the  figures  on  a  watch-dial  to  be  distinguished 
within  a  few  inches;  aud  here  also  It  agipeured  that  the  luminosity  was 
due  to  a  jiarticular  exudation  fiom  the  ex|josed  surface.  Tlire*  cases  arc 
recorded  by  Sir  H.  Jlarsh,  in  which  an  evolution  of  light  took-place  from 
the  living  body,  without  any  such  obvious  source  of  decomjMJsition ;  all 
the  subjects  of  these  cases,  however,  were  in  the  last  stage  of  phthisis ;  and 
it  can  scarcely  be  doubted  that  here,  as  in  other  discaaea  of  exliaustiou, 
incipient  disintegration  was  tak.ing-]ilace  during  the  later  periods  of  life 
(§  72).  The  liglit  in  each  c«ei<  is  desci-ibed  b<(  playing  around  the  fooo, 
but  not  ea  directly  proceeding  from  the  siirluce;  and  in  one  of  these 
instances,  which  was  recorded  by  Dr.  D.  I>onovan,+  not  only  was  the 
luminous  appearance  [lerceptible  over  the  head  of  the  patient's  bed,  but 
luminous  vajKiurs  pnased  in   streams  through  the  ajjartment.     It  can 

•  See  ffir  Herljert  Mojuh  on  "Tlie  Evolutiun  pf  Liglit  from  Ihe  Ijviug  Dnniiui  Snltjwt," 
(DuUia,  lS4'.i),  p.  20. — Prom  thu  interoituig  puophtet,  mult  of  tlie  atateiauutii  in  tLii 
pangngih  ue  iluTiieil. 

t  '■  Dublin  Madiol  rrew,"  Ju.  IS,  IMU. 
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Hoiircely  be  iloulitiil  lliiil  it  W)is  hei'e  the  btnUli,  wliidi  conUuiwJ  Ik*! 
luminous  compnmiJ,  more  especially  us  it  was  ubsnrvod  in  one  rf  I 
oases  to  Lave  a.  very  peculiar  siaell ;   and   tbe  probabilily    tint 
luminoaity  wna  Jue  to  the  presence  of  phosphorus  in  pn-jgrsaa  uf  *)ai 
oxidation,  is  greatly  incu'eoited  by  tbe  fact  alreaily  rer<tiT«ii-ti;i  {^  9S3 
that  the  injectiuu  of  phos{ihureitt«U  oil  iuto  thu  hluod-vtsevk  gice 
a  similar  appeoraiice.      Id  repeating  tlua  e^rpttriment,  8ir  II.  Alanlil 
that  when  half  on  uiuice  of  olite-oil,  hulding  two  gnuna  of  pliuejiho 
solution,  voji  injected  into  the  i^ruiul  vein  of  a  dog.  it  dense  wliit*^  tnjK 
begun  to  iawie  from  the  nostrils  even  before  the  syringe  waa  i 
emptied,  which  became  faintly  luminous  on  the  removaJ  of  the 
and  tbe  injeetion  being  rejientt-d  with  the  same  quantity,  the  vxp 
iniujoiiately   became    beaotifiilly    luminous,   rescimbUu|;    j(>t«  of 
coloured  tiaine  pouring-foi-th  from  the  DostrUs  of  the  oiiiiouL 
luminosity  which  hii£  beeu  oocusionoUy  obsen'ed  in  tbe  tirioc.*  may  I 
be  imputed  to  an  iucreiLse  in  the  (|Uiintity  of  unoxidized  pliosphnnu  1 
it  seems  noiiuully  to  contiiiu  (§  -113) ;  its  liberation  ta,kin^-phiic<>  wAn 
rajiid  rat-e  than  its  eonveraion  into  phosjihoric  acid  (§  1 1 4),  either  I 
excessive  excJ'etion  or  tbrnuj;b  impelled  respiration.t      A  mse  liM  I 
I'eeonled  by  Kaster  (loc.  cit)  in  which  the  body-linen  was  nuiilitrrd  In 
nous  by  the  porspiratioa,  after  any  violent  ejieivise;  and  lierc, 
cauac  may  be  presumed  to  have  been  the  sania — Uu  the  wholt*.  tbfl 
may  conclude  tbe  occasional  evoliiUoD  of  Light  from  the  [[umnn 
to  be  the  couaeijuence  (when  not  eji  etectiHciil  jibeuoffleuuti)  uf  the 
ductiou   of  a   jihoBplioresuent   compound  at  the  expense  of  tfaa 
(jinting  tissues;  which  comiJouuU  iiasses-otf  through  ouo  of  th*  i 
channels  of  excretion. 

4.   Evuhttian  nf  EUctricitt/. 

446.  When  the  vast  variety  of  changes  of  condition  to  ■wb 
components  of  the  living  body  are  subjected  during  the  perfor 
ila  vital  o|ierations,  and  the  impoasiltilily  of  the  occurrence  of  nny 
these  without  some  disturbance  of   Electric  equilibrimu,!  arc  duly  e"»-j 
sidored,  the  wonder  is,  not  that  such  disturbance  shoidd  be  uocowoul^l 

"  "  Cnsper's  WiyihuiiMlirlfl,"  1819,  No.  15. — A  cuee  has  been  rwtnlfj  pot  no  twai] 
(Btlohncr'n  lUpert.  B.  vili.  p.  342),   in  whicJi  the  urinv  anil  iKineD  «f  a  |iDtlnil  who  ■■ 
uuder  trtfllmvnt  fur  impotvDOf  and  t^frmaViTThaai,  und  vho  viu^  employing  filiuspiliWI 
a  reiuiniy  IxAh  luieruaWy  and  T^xt^niEitlf,  were  i>b^rvAl  to  be  tumiuous, 

t  Tbelai),-e  ^roiurtioa  uf  tutempemte  ^ubjcclH.  omoiit-thoacwUoexliibitthiapfacnaaa 
seems  to  conlirm  the  viev  Already  eiiiremed,  that  the  hiibinuU  i/re«enc*  of  AIaiIhI  '»  I 
blood  interferes  witli  the  oxtdatioD  arut  eliininslioD  of  eieremeDtitionB  ntiittere. 

t  There  is  jirolwhJj  Do  uistilneenf  cltctrttcaf  urtiorr  ordeeomposiljoa,  Id  whirh  the* 
DoiulitioD  of  the  bodiflB  coiicemud  is  not  nlt^ired.   Simple  Ma u^f  of/&nn^  fntn  »lid  to  t 
iirfruu  liquid  ti>;:aMuii8.  is  atleodeii  with  elect rii^  difturhuuce ;  AUil  thifi  ifigraitjy  ij 
when  any  SB[ianituin  tiikeB  phico  l>et«eeu  BulisUni'es  Ihiit  were  [irevioniilj  aoitod.  ( 
water  costuiuiDg  ii  suiall  qunutity  of  ^itie  matter  is  caUEod  (u  evnponte  ml  hi  I 
lirhiud.     Hem.  ngniu,  is  cuutmuolly  geDemtiug  El>]cliii:ity ;  for  not  oolj  ii  a  e«i 
dueod  by  the  baiting  '>f  two  dloBiiuilur  meuilj  in  euulJiet,  but  oUo  by  tbe  DiMqn^  J 
ti>o  parte  of  the  Htuie  linr;  und  though  theelTect  is  moat  atriking  id  the  cue  of  aigtdin 
by  no  meauB  limited  In  them.  And  ho  eiUHtsntly  Ib  Eleclricitf  gvociatad  by  the  r«fl 
of  rnolion,  aa   in  frii^tion,   tlml  it  is  Dot  iKAsible  ti^  nih-togcthur  any  tsu   nb 
eKiWptitig  lliosc  which  are  i>f  tiit  most  ^lerfeet  hoiU4.ij.'eutity  (Bueli  aa  tbv  fnuTtured  i 
t>f  •  hcolien  tnrj,  without  the  |irodDL-tiou  of  Electrii:  cbuige,  u  well  at  of  Beu. 
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SO  fon^iilcTaUe  as  to  ni»ke  itseU  a)i[iurunt,  bill  that  it  should  be  ordi- 
narily so  nbaciire  aa  oijy  to  1m!  deli-cted  by  the  most  cftruftiJ  swii'ch,  iind 
with  t!ie  iifisistance  of  the  niost  Ueli^ite  instniineutH.  The  itsstArchcs  uf 
Prut'  Mutteucci,  M.  dii  Boia-Eeymood,  and  others,  however,  liave  now 
niiide  it  apjiaatiit,  that  there  are  no  two  jutrt«  of  the  body  {save  thoae 
which  coi-respond  on  the  op]x>Hite  aides),  whoso  clectriciil  coudition  ia 
precisely  the  sainu ;  uud  that  the  ditferencesi  betweou  them  are  grenter  iii 
proportion  to  the  diviiraity  of  the  vital  prodesaea  which  are  taking-place 
in  them,  and  to  the  activity  with  winch  these  are  being  caiTied-on.* — 
It  is  by  the  comparison  of  the  electric  states  of  diifereut  Secreting 
surfaces,  tluit  such  depaj'tui-es  from  eipiiJibriiuu  are  most  readily  demon- 
ttttsted.  Thus,  Donii^  found  tUiit  the  tikia  and  moat  of  the  bitemaj 
membranes  are  in  opposite  electrical  stat^js;  anil  Matteuct'i  obseiTed  a 
consiclenible  deflection  of  the  ne«dlt?  of  a  di-lieate  galvanometer,  when 
the  liver  and  stomach  of  a  rabbit  were  connected  with  ita  platinum 
<ilectrodt«.+  More  recently,  Mr.  Baxter  has  fonnil  that  if  one  of  the 
electrodes  be  placed  upon  any  part  of  the  intestinal  surface,  and  the 
other  Iw  iiL'ierlcd  into  the  branch  of  the  mesenteric  vein  proceeding  from 
it,  a  <lecided  deflection  of  tlie  needle  was  [iroduced,  indicating  a  positive 
oonditiou  of  the  blood;  but  that  no  eliect  wjlb  produced,  when  the  second 
cJetitrode  was  inserted  into  the  artary  of  the  part,  instead  of  itit^j  ita  vein. 
Tfiise  eftei/tB  were  fomid  to  cease  afler  the  death  of  the  animals;  and 
could  not  bo  attriliuti.'d,  therefore,  to  mere  chemical  diHurences  betwot'u 
the  blood  and  the  aecrcted  prodnct;  but  must  have  arisen  fi-om  electric 
disturhuucG  taking-place  in  the  very  act  of  secretion.  J — That  the  process 
of  Nutrition,  as  weU  us  of  l^ecretion,  in  [>arts  which  are  undei'going  rapid 
molecular  change,  gives-rise  to  electric  disturbance,  is  proved  by  the  ex- 
peiiments  of  Matteucci  and  Du  Boia-Reyniond,  upon  the  relative  electrical 
stntMi  of  different  poi-ts  of  inuselea  and  nerve*.  If  the  two  extremities  of 
a  Muscle,  removed  from  the  body  of  an  animal  very  recently  killed,  be 
applied  to  the  two  electrodee  of  a  delicate  giJvanometcr.  there  is  usually 
some  deflection  of  tlie  needle ;  this  being  greater,  in  proportion  to  the 
ilitTerence  in  the  arrangement  of  the  muscular  and  t<?ndinouB  elements  at 
the  two  extremities.  Although  the  direction  of  the  current  is  constant 
fur  ea«h  muscle,  yet  there  is  no  constant  rylation  Ijetween  the  direction 
of  the  carri.'nts  and  the  ]>oidtion  of  the  niiisi'Ies  in  the  body ;  tlina  in  the 
giutrocitemin*  of  the  Frog's  leg,  the  direction  is  from  the  foot  towards 
the  body,  whilst  in  the  saiioriitJi  it  ia  the  reverse.  Taking  all  the 
muscles  of  a  piirt  together,  however,  there  ia  uauuily  such  a  want  of 
baLnuce  between  the  opposite  carrunts,  that  a  constant  ciU'rent  is  estab- 
lished in  the  dii-ection  of  the  strongest  and  most  numerous  of  the  sir^paiut^a 
lunscular  eunvuta;  this,  in  the  Frog,  passes  uniformly  fi-om  the  hind- 
feet  towards  the  head,  and  was  at  one  time  supposed  to  be  peculiar  to 
that  animal;  but  a  similar  current  may  almost  always  be  detected  in 
other  uiiimald.      The  muscular  current  grows  feebler  and  feebler,  the 

•  HsTinghodnn  oppnrtnnitj  "f  witnesjring  eome  of  Ihu  ex{*riintnta  bikIi!  Iij  M.  da  Bau- 
tUjiuttnd  vitb  n  tD^^eto-electrometcT  of  citnonliiiorj  H<;n^tEVfat«B,  the  Aatbor  can  be«T 
hut  pcmiual  lf]^Jmi>Dy  to  the  fact,  tbat  the  elertriciCy  ev^n  of  the  corr^K  adiu^  fiugvrK  of 
the  tiTD  liaridd  u  rt!ry  seldom  tqnjilly  balnDced,  nud  tbat  tbfl  exiHtvLK^oof  vvi^a  tE)«  dlightcfft 
•cntih  ur  abrssiim  it'  Burfure  ujHjn  une  of  tbEm  iirudutca  a  lery  mirked  iliiiturban™. 

+  8m  M.  liwiioeral's  "Trajt*  lie  I'Bleutriciti,"  lorn.  i.  p,  327,  and  torn.  iv.  p.  800. 

;  "PhiloMplucaJ  Tmuvotioiu,"  1848,  p.  343, 
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longer  tlio  tansplt'  lias  Iwen  i^moved  from  th'.'  IxMly ;  il  Ls  aflectod  byi 
ageiite  which  tend  to  lower  its  vitality,  aiid  lipcomea  uxtinct  aa  Bniin 
ite  coutractiiity  cenaoR.      Fit>io  the  esperimenta  of  M.  du  BoiM-Koviuand 
to  be  presently  described  (§  450),  :t  nmy  tie  concluded  tbat  the  cu 
ill  the  arm  of  Man,  when  at  rest,  is  Irom  the  shuulder  towards  the  | 
of  the  fingers. 

447.  The  oonditions  of  the  '  Mnecular  ciirrent*  have  been  nuidn  I 
subject  of  special  investigation  by  M.  du  Boia-Rej'moud ;  and  the  I 
ing  is  an  outline  of  the  results  at  which  he  bus  arrived,  for  whoMt 
comprehcnBiou,  however,  it  is  it-fiuLsJt*  that  the  terms  employed  by  1 
should  be  lirat  defined — The  entire  muscle  being  couipoaed  of  a 
iibrea,  hiiving  a  geneiTUiy-iiarulk-l  direction,  and  attached  At  thoir  exb 
mities  to  tendinous  stnictui-e  (which  h«a  in  itself  but  little  or  nn  i 
motor  power,  but  is  a.  conductor  of  electricity),  it  follows  tbat  the  u 
or  tendinous  portion  of  a  muscle  repi-eaents  a  surfaoe  formed  by  Uio  * 
of  the  muscular  fibres  eonaidered  as  prisms,  which  miiy  Vie  deng 
natural  tiiiiigverg^  gect'n/n.     On  the  other  hand,  the  fleshy  surlim 
muscle,  which   is   formed  only  by  the  side»  of  the  fibres  eoiiBidr'iTJ 
prisms,  may  be  regarded  as  the  luxlural  longUiulifml  section  of  the  niu 
Again,  if  rt  muscle  be  divided  in  a  direction  more  or  leas  perjiitdic 
to  its  libres,  an  arlijiinid  liungeerec  section  will  bo  made;  whilst  if  i 
muscle  be  torn  lengthways  is  the  direction  of  its  fibres,  au  arlifi 
lonffUiidirtal  section  will  be  made :  and  these  artilioiftl  sections  show  I 
same  electric  conditions  with  their  corresponding  natural  sectiflna.     N< 
exjiei'iuieuts  I'epcatcd  in  a  great  variety  of  modes  demonstrate,  tlut  i 
lioint   ill   (lie  imtiiral  or  arlijidal  limjfiimUtud  neclitm    of  a    mutde 
jxiitUive  lit  rdatiun  to  every  part  of  Us  transrvrse  section,  wh^her 
or  artificial;    the  most  powerfiil  influence  on  the  galvanometer 
produced,  when  a  portion  of  the  surface  (or  natural  longitndlnal  : 
of  a  muscle  is  laid  upon  one  of  the  electrodes,  and  a   portion 
suriace  formed  by  cutting  the  tniiscle  ftcross  {or  artificial  transver 
tion)  is  placed  i^inst  the  other     When  the  two  tendinons  ei 
of  a  muscle  whose  form  is  symmetrical  or  nearly  so,  are  placed 
the  electrodes,  the  deflection  of  the  needle  of  the  galviuioinet^r 
slight;  and  the  same  is  the  case  with  two  transverse  sections  tkkcu 
cfjual   distances   from   the  two  ends  of  the  muscle,  and  also  with  t«i| 
points  of  the  longitudinal  section  which  are  efiually  distant  ftom 
middle  of  its  lengtL     But  if  the  two  jioints  of  the  longitudinal  i 
applied  to  the  electrodes,  be  not  equally  distant  from  the  coutrv  of  ( 
muscle,  then  the  |)oint  which  is  nearest  to  the  centre  is  poMtive  to  ' 
one  which  is  nearest  to  the  end;  and.  in  like  manner,  when  the  (Ufl 
parts  of  the  transverse  section  are  tested  in  regard  lo  each  other,  t 
points  'T^g  nearest  the  sur&ce  of  the  muscle,  are  found  to  be  ponlivvl 
those  neari-st  its  interior,   The  intensity  of  the  current,  however,  IrH 
rtny  two  points  in  the  same  section— wbuther  transveree  or  Iongitn>iitu 
is  always  iucou[>arably  less  than  that  of  the  curreuts  which  are  L>b[i 
between  two  jiotnts  in  dt^erent  sections,  one  in  the  lon^tudinal  and 
other  in  the  transverse. 

448.  These  results  maybe  obtained,  not  merely  with  the  entire  Mn 
but  with  insulated  [>urtions  of  it;  and  even,  as  we  arc  assured  bjrM.  < 
Bois-Keymoud,  with  a  single  primitive  fasciculus.     Heuce  it  seem 
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qMcstionable,  that  every  mtegml  particle  of  the  muscular  substance  must 
be  a  centre  of  electro-motor  tuition,  and  must  contain  witliin  itself 
positive  and  negative  eleiaeDta ;  aud  tlie  variations  tioth  of  intensity  and 
direotion  in  the  muscular  current,  under  certain  ciroumstanoes,  are  so 
snddeii  and  ao  ertensive,  that  it  appears  imjKssible  to  aooouut  for  them 
by  any  change  of  larger  heterogeneous  elements,  or  in  any  other  way 
tli&u  by  a&suuiiiig  oorreepoodiug  chsJiges  of  jNigitioa  in  almost  infinitely 
mnall  centres  of  action.  It  is  indifferent  what  form  is  assigned  to  theao 
electromotive  molecules ;  but  it  would  seem  that  they  must  have  two 
ne^tive  polar  zones,  and  a,  positive  equatorial  zone;  a  combination  of 
such  elements  being  able  to  produce  all  the  electrical  effects  of  a  muscle 
in  a  stat«  of  rest.  It  seems  a]t«getlier  beat  t«  suit  the  phenomena,  to 
suppose  that  each  of  these  perijxtlar  molecides  is  foiTned  by  the  combinn,- 
tion  of  two  dipolar  molecules,  toueliing  each  other  by  their  pomtive  jioles, 
— as  in  the  subjoined  table,  which  represents  a  band  of  four  series,  A,  b, 
c,  D,  each  twries  containing  four  dipolar  molecules. 
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449.  The  current  ehown  by  the  entire  Muscle,  when  made  to  form 
[not  of  a  circuit,  is  only  a  (If  rived  current  produced  hy  inoonnuirably 
more  intense  cuiTents  circulating  in  the  interior  of  the  muscle  aroimd 
these  ultimate  particles,  and  will  vary  greatly  in  intensity,  according  to 
the  mode  in  which  these  particles  are  arranged ;  generally  speaking,  how- 
ever, it  increases  both  with  the  lengthaud  with  the  thickness  of  the  muscle. 
There  18,  however,  another  cause  of  a  very  remarkable  nature,  which  in- 
flaoneeB  both  its  intensity  and  its  direction ;  this,  according  to  JtL  du 
Boit^Reymond,  is  the  existence  of  a  thin  layer  of  muscular  substance, 
beneath  the  tendinous  oxpanaion,  whose  electromotive  power  is  exactly 
oj.poate  lo  that  of  tlie  rest,  so  that  its  action  tends  to  reverse  the  general 
bw  of  the  mUHculai-  airrent.  For  when  the  gaatruciumiiua  of  a  frog  is 
placed  between  the  two  elocti-odea,  so  as  to  touch  them  only  with  its 
tendinous  extremitiea,  it  gives  a  weak  u|jward  current;  but  if  tho  frog 
have  been  previously  cooleil,  there  will  pitibtibly  bo  no  oiUTHUt  at  all ;  or 
if  it  have  been  frozen,  there  may  actually  be  a  current  in  the  opposite 
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direction.  If,  now,  a  (lro[i  of  any  liquid  capible  of  con-oding  the  mua- 
culitr  tisaue  (audi  as  tt)eohol,  creosott.  ncids,  aUciiline  solutions,  &•:,)  be 
placed  uiKin  the  aponeuroaia  of  the  tondo  Achillis,  tlie  ordinuiy  upward 
cuireut  of  the  muscle  is  evolved ;  tind  the  same  effect  is  produced  by 
coiuiiietL'ly  removing  a  thin  layer  of  muscular  substance  at  the  uutural 
transverse  section.  Tliia  effect  is  accounted-for  by  M.  du  BoivSeymoud, 
on  the  HuppositioQ  that  at  ike  t«ndiiious  extremities  of  the  muscular 
librisi,  the  liuear  aeries  of  peripolar  elenienta  is  terminated  by  a,  single 
dipolai'  element,  whose  positive  pole  is  thus  fi'iie,  instead  of  the  negative 
polo  lieing  so;  and  he  has  shown  that  by  im  apjiaratus  of  zinc  and  copper 
couHtruot«d  after  this  plan,  all  the  electric  phenomena  of  the  muscle  at 
rest  may  be  imitated. 

4oO.  That  a  chauge  in  the  ultxtric  state  of  a  Muscle  tokes-plaee  in  the 
act  of  coutroctiuu,  hud  been  sficertaiiied  by  the  experiments  of  Prof. 
Matteiicei;*  but  as  he  was  only  able  to  detect  bhia  by  the  galvanoscopic 
frog  (the  galvanometer  which  he  employed  not  giving  unquestionable 
indicatioQs  of  it),  he  van  not  able  to  determine  its  nature  with  accuracy. 
This  haa  been  accomplished,  hoivevei',  by  M,  du  Boia-Heymond ;  who 
has  shown  that  during  contractioo  the  muscular  cuirent  is  not  increased 
(as  supijosed  by  Blattcucci),  but  is  ilimiiiislied  and  even  reduced  to  zero. 
In  order  to  exhibit  this  phenomenon  satisfactorily,  it  is  found  advan- 
tageous to  cause  the  muscle  to  contract  powerfully  or  luiiutermptedly 
for  OS  long  a  time  as  [>ossible,  that  is,  to  (ekmiie  it;  and  this 
may  bo  effected  by  acting  violently  on  its  ner\e  by  heat,  chemical  agents, 
or  a  aucceaaion  of  electric  shocks ;  or  by  ]>oiaoning  the  animal  with 
strychnia.  In  whatever  mode  the  tetauized  state  is  induced,  the  same 
result  follows ; — the  needle  of  the  galvanometer  pa,sBP»-over  to  the  iiegn- 
tive  aide.  Tliia,  however,  does  not  indicate  (as  might  be  nt  first  sup- 
posed) the  development  of  a  new  current  during  the  coutinctiou,  in  a 
direction  ojijiosite  to  that  which  prevails  during  rest;  but  it  is  the  con- 
sequence of  the  'secondary  polarity't  which  is  evolved  in  the  platiaum 
eloctroiles,  as  soon  as  the  muscular  current  is  diminished;  the  needle 
passing  from  the  positive  to  the  negative  side,  as  soon  as  the  current  of 
the  secondary  polarity  becomes  moro  powerful  than  the  original  muscular 
current.  Tliia  negative  deflection  of  the  needle  at  the  moment  of  con- 
ti'actiou,  is  always  yn-oportionate  to  the  actual  intensity  of  the  current  of 
the  muscle  wliile  at  i-eat;  and  it  ceases  as  soon  as  the  tetanic  contraction 
ceases,  after  wJiich  the  muscular  current  gradually  recovers  its  jirevioua 
intensity. 

i5l.  Thus,  tlion,  it  appears  that  the  Conti-action  of  a  Muscle  is  attended 

*  Bee  bj»  mocBaaiYB  Memoits  in  "  Philos.  Tmnaiwl.,"  for  1846,  I81T,  and  18M. 

t  Whon  the  eloclromntor  body  ie  rtiaiiiai,  wiiJ  tbu  two  eluctrudes  (pliitinmn  plnta  im- 
menwd  id  aiatursttnl  Bgtaliiiu  uf  cumiuuu  enlt),  are  cuiiti«ct«l  li;  suioc  imporfucll]'  rondut^ 
ing  budy,  a  iHToudary  uurreut  U  oiHiatutlfii  iu  tbe  revLTbc  directiim  to  the  fint.  the  ocodle 
being  deflL'trUsl  to  tbo  otbtr  KJdc;  thib  is  oiuwd  by  tbu  eJei^trir-i^heujiml  reoctiuD  4  pf  the  tah- 
sUncea  which  ttio  i'iuthiI  of  nniiniil  olwtricitj  hfli  evolved  110  tlie  jdaliiiDni  |ital«i  by  uieana 
uf  its  electroljtio  urtion ;  uid  itd  occurrence  is  uttea  a  uaeful  imd  valuable  puufimiatioD  of 
the  first  result,  at  showing  that  the  pruunr;  deflectiun  reallj  was  the  ifinwiineuue  of  llie 
preHeuce  uf  an  electromet^ir.  Wlien  the  elei^tromotive  action,  lunrt'ovor,  ia  very  wcm^  it 
may  bo  made  more  eviJcnt  hy  rctendag  the  position  of  the  electromotor,  without  first 
rcplaciuK  the  connecter ;  no  that  the  action  which  it  will  then  eiort  in  the  rererae  diroeliiin, 
will  be  fltreoglbuniid  by  the  secondary  corrent  developed  by  the  prumouB  ai-tion. 
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with  IT  markcil dimimilimt,  o/lls  clectronwlive poiver ;  a  iaet  wliicli  seems 
to  hanuDiiize  well  with  the  general  viewfl  already  adverted-to  id  regard 
to  the  '  Uorrelation  of  Forces;'  the  ohimgea  wliich  oi'c'rate  to  produce 
(listiu'baiiee  of  electi'io  eiuilibriuiu  whilst  the  musclo  is  at  rest,  being 
coacoroed  in  the  develo[mient  of  motor  power  wheu  it  is  thrown  into 
contractinii.  This  alteration  has  been  demonstrated  by  M.  da  Boib- 
Reymond  in  tLi<  living  animal,  ailer  the  following  manner.  The  two 
feet  of  a  live  fi-og  were  immersed  in  the  two  connecting  vesBela,  bnt  one 
of  the  legs  was  paralyzed  by  division  of  its  sciatic  plexus ;  the  musculnr 
currente  of  tlie  musclea  of  the  two  limbs  neutralized  eacli  other,  bo  long 
as  tlicy  remaiiiod  at  rent;  but  upon  the  frog  being  jioiBoned  with  strj'uh- 
nia,  so  that  tetanic  convulsions  occurred  in  one  limb  whilst  the  other 
remained  niotionleaa,  the  currpiit  in  the  former  limb  wjis  wtakened, 
whilnt  tliat  of  the  other  remained  unaffected,  and  a  deflortion  of  the 
needle  took  pliioe,  indicating  an  ujiwanl  current  in  the  piinilyzed  limb 
and  a.  downward  current  in  the  tetonized  one.  The  saiue  tiling  may  be 
shown  in  the  Human  auliject,  by  dipping  the  forefingers  of  the  two 
bands  intfl  tho  two  conducting  vessels  connected  with  the  galvanometer, 
so  that  tho  two  arms  are  included  in  op]}ositt;  directions  in  the  circuit; 
when  if,  after  tho  neeiUe  (nliich  usuiilly  luidcrgocs  a  tem]ioraiy  dis- 
turbance on  their  (in=t  immersion)  has  come  to  a  state  of  rest,  all  the 
muscles  of  one  of  the  arms  be  strongly  and  permanently  couti-acted, 
»o  as  to  give  them  tho  gi'catest  possible  tension  without  changing  the 
I  position  of  the  ami,  the  needle  is  instantly  deflectcfl,  always  indicating  a 
L  current  from  the  hand  to  the  shotdder.  that  is,  an  upwa/rd  current  in  the 
contracted  arm.  Hence,  according  to  the  explanation  just  given,  tho 
contrncted  arm  plays  tlie  part  of  the  negative  metal  in  the  circuit,  in 
R^nrd  to  tho  arm  whose  muscles  remain  in  the  state  of  relaxation, 
I  nhowiug  that  the  normal  cuiTf'nt  will  be  a  downwai-d  one. — Tliis  change, 
however,  is  Ho  extremely  slight,  that  a  very  delicat*  galvanometer  is 
requisite  to  rendor  it  perceptible.  Its  intensity  depends  verj'  much  on 
tlie  Kiuacidar  enei'gy  of  the  experimenter;  and  even  the  greater  ]iower 
which  the  right  arm  uaimlly  portscasea,  becomes  perceptible  in  the  greater 
deflection  of  the  neeille  when  it  Is  put  in  action.* 

4-52.  The  discovery  that  lui  electric  current  exists  in  i\'erren,  the  con- 
ditions of  which  are  in  most  resjiects  sinular  to  that  of  the  Muscular 
current,  is  entirely  due  to  M.  du  Boia-Keymond.  When  a  small  piece 
of  n  nerve-trunk  is  cnt-out  fi"om  the  recently-killed  body,  luid  is  so 
pilaccd  uj)On  the  electrodes  that  it  touches  one  of  them  with  its  surface 
for  natumi  limijilvdinid  section),  and  the  other  with  its  cut  extremity 
(or  Artificial  tratuiverm  section),  a  considerable  deflection  of  the  index  is 
pTodiicetl,  the  direction  of  which  always  indicntea  the  passage  of  a  current 
from  the  interior  to  the  exterior  of  the  uervo-trnnk.     It  is  inditferent  in 

*  Of  tbifl  Tvry  rpruorkabEo  (^xperimoat,  wbich  vda  first  laoAp  by  M-  dtj  BoiB-Zl^jimmil, 
tlie  Aatliar  hiu  liimiwlf  {Ihmugh  timt  gi^ntleioaa'i  IctDilDCKS)  been  anitnesK;  nnd  hecMinut 
«Dtcrt«n  the  Ipsst  Jnulit  &>  ti>  the  gettuiJienat  of  the  plirmunenon. — Tha  autwetis  of  M.  dn 
Buii-R#;manil  iii  Cbfn:  and  mmiliu'  inTatlgitCiinui.  in  doaljllns  due  in  grvnt  juirt  Lu  Ihp 
iDStrreU'ias  muitiTEneHB  of  the  gidvnDDmoter  he  employn,  Iheniili.  uf  which  cnuaint  uflAivf 
mi/'j«f  wire,  M  veil  aaLo  the  |>eTfocti{iD  of  the  varion^  lUmiigomeQld  by  vbjch  he  iieD&bT«l 
Ui  Hvihid  uT  eliminald  Baan.*eB  uf  errur;  bnt  It  niust  be  attribat^d  in  great  port  &lno  U>  ihv 
philneophie  nieth'jd  na  wkiub  hit  iuqajrie*  are  planned,  and  to  the  akill  and  pamvenuiM 
iriUi  whiuh  limy  ue  curiijd'nat. 
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regarJ  to  the  direotion  of  tlie  curreot,  whi-tlier  thi'  central  ot  lb«|«ri> 
plierol  cut  extremity  be  applied  to  the  electrode;  and  in  ^l  Ibe  mM 
powerful  effect  ia  obtained  by  doubling  the  uerve  iu  the  niiiLlIr.  uil  %f- 
plying  both  transverse  sections  to  one  electrode,  whilst  the  loiiji  <•  n-^'ii'A 
to  the  other.      On  the  other  hund,  if  the  two  cut  extr«niiti«  i 
to  the  two  electrodes  reajicctively,  no  decided  effect  ia  produrr>J , 
some  neutrality  exists  between  any  two  points  of  the  suriocw 
trunk,  equidiatiut  from  the  middle  of  its  U-iigth ;  bnt  if  the  |H>i&U  I 
e()uidiataut,  then  a  slight  de-flection  is  produced,  indicating  tlmt  the] 
nearer  the  middle  are  [>ositive  to  those  nearer  the  extremitieB,     It ' 
not  been  found  possible,  owing  to  the  stmill  size  of  the  nerre-tniilc!  <smJ 
rimented-on,  to  test  in  a.  moilar  munner  the  relative  stAte  of  did 
points  of  their  tninsrcnte  section;  hut  there  cun  be  little  doaht,ff< 
complete  conformity  which  exists  in  other  respects  betweoii  the 
and  muscular  currents,  that  the  same  law  will  be  fonni)  to  prt-vail  i| 
as  in  the  former  case;  namely,  that  the  points  nearfr  tie  : 
positive  to  those  nearer  tho  centre.     There  is  no  ibftereniw  bet 
motoi'  imd  the  sensory  uerves  in  regard  to  the  dire*Aion  of  thi<  ■ 
the  existence  of  which  haa  been  prosed  by  M.  du  Bois-Reymc 
only  by  the  galvauoracter,  but  also  by  the  excitement  of  cnutRtotinocai 
the  limb  of  the  galvauoacopic  frog. — The  '  uerroua  ciirr^it,'  liko  tb*  Bl 
(Tular,  must  be  considered  as  derived  from  the  electromotive  acticm  > 
the  moleoides  of  the  nerve  i  and,  for  the  reasons  aJre«dy  (mint 
tho  intensity  of  the  current  in  the  immediate  neighbourhood 
molecules,  may  be  indnitely  gi'cater  than  that  which  is  sbown 
galvanometer  to  exist  in  the  trunk  of  the  nerve. 

■153.  We  have  now  to  follow  M,  du  Bois-Reymond  through  his  is 
tigations  on  the  change  in  the  condition  of  the  '  nervous  current," 
the  nerve  b  in  a  state  of  functional  activity,  whether  niotorial 
sorial.      For  the  examination  of  tluK,  it  ia  de.'^irttble  to  iiidaue  n  i 
continuous  action  in  the  nerve,  analo)>OHS  to  the  tetanic  cxintmotimi  i 
muHulej  and  this  condition  in  the  motor  nerve  is  manifestly  tltai 
induces  tetanus  in  its  muscle,  whilst  in  i 
nen'es  it  is  that  in  which  a  violent  smsatien  I 
uninterruptedly  ke]it-up.      No  meani>  iif  i 
ing  such   a  3tat«  are  so   cert&in   and  ^p 
as  electric  currents;  but  it  is  oooeasaiy  in 
first  place  to  determine  the  modificalion  «1 
these  currents  may  themselves  prodniv  in  I 
proper   '  nervous  current.'      If  a   portion 
nerve-trunk  be  so  placed   (Fig.   75),  thai 
touches  one  of  the  electrodes  by  its  ' 
section  (which  may  be  designated  T^  tnH 
other  by  its  surface  or  longitudinal  srctioti  (l>V 
and  a  portion  of  its  continuation  bo  iocln 
iu  a  galvanic  circuit,  so  that  a  current 
pass  in  the  direction  z — -P,  which  is  tMt . 
in  its  direction  us  that  between  t — l,  then  Hn 
intensity  of  the  '  nervous  current'  t— I,  » ia-i 
dicated  by  the  deflection  of  the  neealleof^l 
galvanometer,  will  be  found  tn  undergo  an  increase ;  whilst  on  ifae  i 
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hanil,  if  the  electric  current  bu  pnased  in  tlic  ontniry  directioa  P — z,  the 
intensity  i<f  the  '  iiervoiia  current'  T — L,  will  decrease. ^ — TIio  [lortjon  z — p 
ot'  the  Dorvo.  which  is  includud  id  the  electric  circuit,  is  tsriiieJ  the  enxited 
portion,  and  tliH  oui-i-eut  passed  tliroiiHli  it  is  tho  ftrctViwc/  curreJit;  on 
the  other  Laud,  the  portion  T— i.  iucluded  Iwitweeu  tht;  electrodes  of  the 
gulviinnmeter,  is  the  derifed  [Hjrtion;  and  the  altei-ed  condition  of  this 
part,  whioh  ia  produced  by  the  ojitraueoua  current  (this  current  having 
been  experimenljJIy  proved  by  M.  du  Bois-Reymond  tri  exert  no  influence 

of  its  own  on  thi,-  galvanometer),  is 
termed  the  eledroUitiic  state  of  Oje 
nerve  When  the  intensity  of  the 
'  nervous  current'  is  inereaaed,  the 
nerve  is  aaid  to  be  in  the  jtogitivn 
pAfwe  of  this  electrotonie  state;  and 
when  it  is  diminished,  the  iiei've  is 
in  the  iitijtUive  phitae.  of  that  state. — 
By  a  pro])er  aJTangeweut,  tht)  same 
exciting  current  inity  be  made  to 
produce  the  poaitivo  phase  in  one 
part  of  a  nerve-trunk,  and  the  nega- 
tive phase  in  another.  Thus  if  the 
two  eitremitiua  of  a  nerrc  (Fig.  76, 
p  and  c),  be  so  connected  with  two 
galvani>metcrs,  that  both  shall  deve- 
lope  the  '  nervous  eiirTent,'  and  an  intermediate  p<jrtiou  bo  excited  by 
tlie  transmission  of  aii  electric  curi-cnt  in  the  direction  z — P,  the  nervous 
current  in  the  '  derived'  [nirtion  c  will  be  inureased  in  intonsdty,  whilst 
that  in  the  portion  p  will  be  diminished. 

4it4.  Hence  it  may  be  inferred,  that  when  any  jmrtion  of  the  lenjfth  of 
It  nerve  is  traversed  by  an  electric  current,  tiesides  the  usual  i;Ieutro- 
motive  action  of  the  nerve,  a  new  electro- motive  setioii  takes  jilace  in 
every  point  of  the  nerve,  by  a  polarizatiiiu  of  its  electromotive  elements, 
which  action  has  the  same  direction  as  the  exciting  current  itself;  and  a 
current  is  thus  produced  in  the  'derived'  jxirtion,  wluch  is  added  to  the 
original  'nervous  curreiit'  at  that  end  of  the  nerve  at  which  the  ilirectJon 
of  this  new  current  and  of  the  nervous  cun-eut  coincide,  and  is  subtracted 
at  that  end  at  which  the  directions  are  different.  These  variations  in 
the  intensity  of  tlie  '  nervous  cuiTent'  continue  as  long  as  the  'exciting 
current '  Lists,  and  immediately  cease  when  the  eii-cuit  of  tliat  current  is 
Lrokcn.  It  is  to  the  induction  of  the  electrotonic  state  in  the  nerve 
supplying  it,  that  the  contraction  of  a  muscle  is  due,  which  ensues  on  the 
tompietion  of  tlie  circuit ;  and  to  the  cessation  of  this  state,  that  the 
muscular  contraction  is  due  which  is  consequent  upon  the  interruption 
of  the  circuit.  Hence  the  electrotonic  changes  in  the  condition  of  nerves 
may  be  observed  witliont  previously  dividing  them. — When,  on  the  other 
hand,  a  nerve  ia  '  tetanized '  by  passing  an  intemipted  and  alternating 
current  through  a  portion  of  it,  the  ef^ct  is,  as  in  the  case  of  muBcle,  to 
pr">dnco  a  dimi.>fiili"ii  in  its  own  proper  current;  the  needles  of  both 
galvanometers,  in  the  arrangement  last  descriWI,  being  deflected  to  the 
n^ative  side,  instead  of  one  going  tiack  to  zero  and  the  other  hai'iug 
its  podtive  deflection  increased,  as  happens  when  the  '  excited  portieu ' 
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is  subjected  to  a  oitntimtotis  ntiil  unifoiiu  ciinvuL     Tlii;  mnu- 
variation  of  tlie  hi-tvoub  currciit  has  I'Oen  dcuioDstraUrU  lit  M.  i»  I 
Reymirad  in  nei-vea  letanizi-d  by  oilier  means,  as  liyUt*  uw  titi 
And  ibe  pbeuoniena  both  of  the  '  eleciruionJc  »t«ti\' uaij  ofUio  ' 
variation '  are  pi-ecisely  the  same,  whetlier  motor  or  senjut^ 
subje<.'ted  to  the  expi-riment;  thiis  mulciug  it  apjieux'  iliat 
may  be  transmitted  in  either  direction  along  eaoh  of  tli«a« 
nerves. 

455.  A.  very  remnrkable  uiodificntion  of  the  'nervood  cur 
been  shown  by  4L  dii  Buifi-Reynumd  to  follow  severe  injurin  ■ 
nerve,  by  mechanical,  chemical,  or  thermal  agencies.     If,  for 
piece  of  hot  metal  be  brought  near  to  the  nerve  williout  toucluag  i 
nervous  cui'rent  will  Itc  se«a  to  diminish  rapidly,  and  to  have  ita  iHi 
reversed,  during  which  the  property  possessed  by  tlie  nerve  of  con* 
irritation  to  the  moscte,  though  somewhat  imjuiitHl,  will  not  ImxIi 
and  if,  whilst  in  this  abnormal   state,  the  nei-ve  be  divi<le>rl,  otrry  : 
verse  section  is  found  neutral  or  |)o^tive  to  the    lougituiliiial 
instead  of  negative.      If  the  nerve-tmnli  he  then  placed  lietween  i 
so  as  to  recover  its  natursd  moisture,  it  will  at  the  same  time 
usual  electromotive  piwer.* 

456.  Some  of  the  most  important  parts  of  the  body  Mng  I 
state  of  constant  dUeqtiUibr'itm  with  rk.'gard  to  each  oUier,  it  b  i 
prising  that  the  electrio  state  of  the  wliole  should  be  ordiiwrilj'  I 
equilibrium  with  that  of  surrounding  Itodies.     This  dlSer»toe,  hoi 
usually  pi-erented  fmm  manifesting  itself,  in  cotiaequcnci-  of  the  i 
of  the  miaililirium  by  the  &«o  coDtJU<t  wliich  is  coiitinivOly 
between  them ;  and  it  b  for  the  most  part  only  when  the  Hiuuiui  I 
insulated,  that  it  becomes  apjiaront.      The  galvanomelir  is  then  . 
however,  by  the  contact  of  one  of  ita  electrodes  with  the  person  ii 
and  the  other  with  any  neiglibounng  uninsulated  body ;  nnil  also  | 
contact  of  the  electrode  with  the  hands  of  two  persons  both   ii 
who  join  their  other  hands  togctlier,  n  difference  in  the  electrical  I 
of  the  two  indiv-iduals  being  thus  indicated.     Tlie  olectricitv  of  i 
most  tre<picntly  positive,  and  irritable  men  of  lUtiguine  temjier 
have  more  free   electricity  than  those  of  jihlegmittic   character; 
electricity   of  women   is  more  frequently   negative  tiat   thai    rf 
Thei-Q  are  peraons  who  scarcely  ever  pull-ofl'  articles  of  dress  whifb  Ii* 
been  worn  next  the  skin,  without  sparks  and  a  crackling  amae 

*  The  maleriali  of  tcveral  prMeding  paiK^rnphs  hivi  been  derivtd  frna  tbf  AtlA  i 
ILdn  fioIi-Bcjmond'E  resenn?fais,  b;  Dr.  Beni»  Jouis  ("On  Animal  Electiii- ' 
Abrtnul  of  the  Ihscovcries  of  Emil  dn  Bciifl-lUyinond").  HaTing  Iiinmlf  lu.: 
tuDitTorvitDeaingaoiHiiideisbleDDmberof  the  «ipei1iDcnts  ikbavc  refernil-ti^  ili-J 
fevla  it  doe  b>  H.  da  BaiH>R«Tmoiid  to  elaM,  that  thdr  reanlU  cocnqwniU  n ) 
witli  hit  predictions  in  ensry  inalsnce,  as  U-  iiiuce  tbit  ha  \aA  f>n)ntn>]  a  IboRrofjh  1 
over  the  f^oDditioaa  of  the  pheDL^iaena.  And  ha  mnj  mtnitioD  thi?  eijtcriiDatlBj  . 
vtrstiDD  of  thfl  ^aerroiiB  cum^Dt,'  fk^  Dii>Bt  fullj  satiffactory.— It  may  h«  «tal^  vilAi 
fideuoe,  Uut  the  course  of  iave^gntion  which  is  bpiD^roUowQd-oiiihjlf.  daBoia'Sinifl^i 
a  oae  pre-emiDeutly  ulcnlalfil  b)  develniie  reenlts  (^  importinee  in  Phfaolagj  -,  tai  U  t 
only  unc  out  of  which  dtSiuM  iudioiliuns  in  reguii  tu  the  Tlie»peatie  apiiUaliaai 
Electricity  can  be  eipwt&l  to  nrifti. — A  i>ollerlion  of  labarioiu  nnilu  on  tiiia  UM  MlpM 
entitle  *'i>e  i'Blectrisntiuti  to«di.^c,  et  de  rpq  Applinljon  &  la  Phjnologic,  i  b  rrfv 
iO)^e,  et  i  la  Thenip-cDiiquv,"  hu  just  been  pnblished  (Pimt,  13SS)  by  Dr.  OtAtmt^\ 
BoDlDgne.    Sea  alao  **Brit.  and  For.  Med.-Chir.  Itev.,"  roU.  liL  p.  379,  aad  n.  fi  tS  i 
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produced;  ospeoiallj  in  dry  weatber,  when  the;  electiicity  of  the  body  ia 
rrtainej,  instead  ot"heiiJg  ra.pidlydisHi[)atediisit  is  byadMup  iitmoaphere. 
The  pflectis  iisuiUly  Lejglitctied,  if  ailk  Mtockiiijip  aud  otLer  silken  articlea 
have  been  worn,  since  tbeae  act  oa  insulatoi-s.  It  is  doubtless  ill  part 
attributable  to  the  fiiction  of  the  articles  of  dre-s«  against  eacli  other  and 
against  the  body;  but  we  can  scarcely  doubt  that  it  is  partly  due  to  thu 
generation  of  electricity  in  the  body  itat-lf,  aiiiee  it  bears  uo  constant 
relation  to  the  foiiuer  of  these  supposed  caiisea.  Thus  a  Capuchin  friar 
is  mentioned  by  Dr.  Schneider,'  who,  on  removing  liis  cowl,  always  found 
a  number  of  shining  crackling  sparks  to  pass  from  his  scalp;  and  this 
phenomenon  continued  still  perceptible  after  a  thi"oe  weeks'  illness. — -The 
mo?t  remarkable  case  of  the  generation  of  Electricity  in  the  Human 
subject  at  present  known,  wius  rocordod  Bomo  yaira  since  in  Ameiica.t 
The  subject  of  it,  a  lady,  was  for  mnuy  luontliB  in  an  electric  state  so 
diflerent  front  that  of  surroiuiding  bodies,  that  whenever  she  wua  but 
ghtly  iasulated  by  a  carpet  or  other  teebiy-conducting  mtidiuui,  aiiarks 
hI  between  her  person  and  any  object  she  approached;  when  most 
avoumbly  circumstanced,  four  sparks  per  minute  would  pass  from  her 
finger  to  the  brass  Imil  of  the  stove  at  the  distance  of  1^  inch.  From 
the  pain  which  accomjianioil  the  paasjigo  of  the  spu'ka,  her  condition  was 
a  source  of  mucU  discomfort  to  her.  The  circumstances  which  appeared 
most  faroui-.ible  to  the  generation  of  the  electricity,  were  an  atmosphere 
of  about  80°,  tranquillity  of  mind,  and  sociid  enjoyment;  whilst  a  low 
temperature  and  depressing  emotions  diminished  it  in  a  corrtMitonding 
degree.  The  phenomenon  was  first  noticed  during  the  occurrence  of  an 
Aurora  Biirealis ;  and  though  its  first  appearance  was  sudden,  its  departure 
w8»  gradual.  Various  espcrimonts  were  maile,  with  the  view  of  ascer- 
taining if  the  electricity  was  guuerated  by  the  friction  of  articles  of  dress; 
but  no  change  in  these  seemed  to  modify  its  intensity. 


CHAPTER   XI. 


or   THE    FUNCTIONS    OF  THR    CEREBRO-SPINAL    NERVOUS    SYSTEM, 


1. — Gtmwto/  Summary. 

457.  The  Nervous  System  of  Man,  like  that  of  all  other  Animala,  b 
of  ganglionic  centreg  and  imree-triiitki ;  the  former  being 
Qtially  comi>oscd  of '  vesicular  substance,'  mn/le-up  of  cells  which  may 
»«pheroidal,  fusiftirm,  caudate.stellate,  or  of  almo-st  any  variety  of  shape; 
the  latter  eongistiiig  etitirely  of  ■  nerve-fibi'es,'  which,  in  their  most  coin- 
pletely-devulopeil  state,  are  tubular  (See  Pbinc.  of  Gkn.  Phyb.),  All  our 
knowledge  of  the  stnicture  and  endowments  of  these  two  forms  of  tissue, 
renders  it  probable  tliat  they  bear  a  c<imjilem«ntinry  relation  to  each 
other;  the  Veaicular  substance  having  for  its  office  to  ori'jliuiic  changes, 
which  it  is  the  fnnctiou  of  the  Fibrous  to  conduct.     And  thus,  by  means 

•  "C»«per'«WocbeiiMlirift,"  1819,  No.  16. 

■f  "  Amerion  Junnutl  iif  lleiliciLl  dcieoues,"  Jtumar;,  183S. 


434 


FTTSCno-ns  OF  THE  t:KREBRO-SPIVAL  KEKTOTS  BTBTXIL 


of  tlie  extensive  mmifications  of  th«  neTre-tranks,  uid  the  jirivn  li 
instantaneous  tniusmission  which  thej  possess,  nlmoet  every  )'^'  '   '  '' 
body  ia  brought  into  such  close  reLitiou  with  Ihr  cv-ntrml  Sctiv 
imfirts^ons  maile  even  at  the  points  most  remote  from  it  tire  iii 
felt  there  (providi'd  the  nervous  commiinicAtinu  be  iierfect)  . 
influence  of  Slentnl  states  in  deterroining  movi-inenta,  is  esei! 
sjieetlily  and  surely  ii[i"n  the  muscular  ajtptirata^      For  the  li 
of  thcae  two  seta  of  im|irc:ssioii£,  the  '  centripetal'  udiI  the  '  ouuhtoi 
two  distinct  set^  of  fibres  ore  provided,  neither  of  which  is  enfaUtl 
talcing-on  the  I'unt-ticin  of  the  other;  these  are  termed  resnertiriJl f 
a^'-rtiif  and  the  efferfid'     Of  the  mode  in  which  the  fortntr 
in  the  ceiiiml  organs  towards  which  they  pass,  and  in  which  tbc  i 
commence  their  cKuree  in  these  same  organs,  no  general  stAtrawttll 
as  yet  be  made;   but  it  b  quite  certain   that,   in    tniuiy  InstanMl 
least,  there  is  an  nli3ohit«  continuity  from  oue  form  of  nerv'^' 
the  other.     Three  principal  Diodes  have  been  osatrtainoil.  in 
may  occur.     Kither  a  globular  cell  may  give-off  a  dnglt:  prulun;: 
becomes  a  fibre,  as  seen  ato.,  Fig.  77  ;  in  which  case  the  cell  ii  -i 


Pw-TT. 


Fi*  re. 


MictMWpig  Gutglinii  frvim  Htm  of  Frof^, 


'  unipolar.'    Or  a  gauglion-cell  presents  itself  (as  it  were)  in  the  i 
a  nerTe-tu)>o,  having  eiicli  of  its  extremities  prolonged  into  *  QtM,  I 
shown  in  Fig.  7S;  in  which  case  the  cell  is  said  to  be  'bipolar.' 
former  of  these  arrangementa  seems  to  bo  more  common  in  lh« 
centres  of  Man  and  the  higher  Vertebrata ;  whibl  the  latter  prenib  i 
Fishes.     But  in  certain  pai'ts  of  the  ne^^■ous  centree  of  Mam.  w« 
with  ganglionic  cells  sendlng-out  radiating  prolongations  to  the  DO 
of  three,  four,five,  six,  or  more ;  some  of  whidi  are  occasioQaUj  tolw  I 

*  The  'Affennt'  oertai  urpcommnuljdesigiuUdKuori/.-  bat  this  ii  uutEltvlljt 
iiticethejfrtqDentl7t»iiveyiTii]in3iiuna  which  do  not  giiB  rue  to  BCOMtiaiu.  Tb'  '■ 
pflTT^  in  like  ajjumer,  Ihongb  gencnllj  no/cr,  fve  by  no  id«uih  necvwilj  vh 
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into   contiimity  witli   the   axiH-cylinrit-ra  of  iierro-tubes.  08  seen  at  a,  b. 

Fig.  71*;  whilst  others,  it  ia  probable,  iuosoulate  with  tlioso  of  other  stel- 

PlB.  TB. 


SUUaU  Onaglioine  CtU,  tram  '  BQlHlazitiH  f«rnipoflB'  iffHumiui  Brwa;  nneatiltppulopgii- 

late  oeUs.  Whether  more  than  one  fibre  ever  arises  from  one  of  theae 
TBOolcR,  cannot  yot  he  positively  stutixl — Wo  should  be  by  no  means 
jnsUfied  in  toncluJing,  however,  that  ganglionic  cells  Imvf  no  other 
«tru(.'tural  or  funPtional  relation  to  iierve-fihres,  than  that  which  they 
derive  from  such  direct  continuity.  For  there  are  indubitably  many 
ganglionic  poHw,  which  are  Biin|ile  spheroids,  lying  among  the  nei-ve-titboa ; 
whilst  oti  the  other  hand,  there  are  numerous  iiiHtancoa  in  which  fibres 
that  enter  Ihn  (■entml  organs,  return  by  loiipg,  without  forming  any  closer 
connection  with  ganglion-cells,  thiin  that  which  their  juxtaposition 
brings-about.  It  cannot  lio  thought  [irobable,  either  that  the  simple 
B[iheroidul  vesicles  are  destitute  of  physiologiail  importance,  or  that 
iierve-fibrcs  would  thua  pass-in  amongst  them,  and  return,  if  some  pur- 
pose wore  not  anawere*!  by  their  doing  so.  And  we  seem  justified  there- 
fore, in  looting  at  tliia  aa  one  of  the  regular  modes  in  which  the  two 
elementary  comp<inent9  of  the  Nervous  Systemare  brought  into  nmtual 
actiou;  the  whole  question,  however,  of  the  imture  of  that  action,  and  of 
tbi  diversities  iu  the  several  cases  just  described,  being  one  which  is  at 
present  entirely  open. 

458.  The  general  relations  of  the  principal  Centres  of  thp  Nervous 
System  of  Man,  having  been  ali-eady  consider*ttl  (§§  45 — i7j,  it  is  only 
ret^nisite  here  to  remark,  that  tliose  wjiicli  make-up  tlie  Cerebro-Spinal 
portion  of  the  ajijiaratiiH  liavijg  such  an  lutiniate  structural  relation  to  each 
other,  and  ao  muuh  mcn*e  frecjueutly  act  consentaneously  than  .separately, 
tliat.  notwithstanding  the  abundant  evidence  of  the  diversity  of  their 
reipecUve  eudowmuDU,  there  is  considerable  difficulty  in  the  determina- 
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tion  of  their  special  tunctioDs;  aaee  the  dra^ruction  or  remonlrfaf 
one  portion  of  the  Nervoua  system,  not  only  putsastop  to  the  jJnTLmni* 
to  which  thut  portion  in  direc-tiy  subservient,  bnt  so  deran^ts  I 
train  of  nerrous  ai^tivity,  that  it  often  becomes  impoaeible  to  us  • .  -.^  ., 
any  such  method,  what  is  its  r«al  shore  in  the  entire  perfomiaiicn — Is  tla  ' 
difficulty,  however,  we  may  advantageously  have  recourse  to  thr  rtiidj  di 
the  ^ructure  (>nd  actiuna  of  those  fomiB  of  the  Nerroua  System  |<r<>nM(  I 
to  Jia  among  the  lower  aoinials,  in  which  ite  gangliouic  cvntna  ur  tnrn  1 
and  less  intimately  connected,  and  iu  which,  tht-rcibre,  it  is  nmre  <wv  MJ 
gun  an  aoquaintauce  with  their  several  endowments.     And  front  «b  »] 
tensive  survey  of  theae,  we   seem   able   to  deduce   the    i'oUi<iring 
cluidons,  which  aSbrd  the  most  valuable  guidance  in  Uie  vtudy  d  I 
Nervous  System  of  Man  :* — 

L  The  Nervous  System,  in  its  lowest  and  simplest  form,  may  < 
but  a  single  ganglionic  centi-c.t  with  afferent  and  motor  nervei,1 
fiinotion  is  essentially  inlernuncial ;  inipres^ona  made  upon  ifaa  : 
fibres  exciting  res|K)ndent  or  '  reflex'  movements  in  the  muHflea  i 
by  the  motor,  without  any  nece^isary  intervention  of  oonsdo 
Such  movements  are  properly  distiuguiahed  as  aetilo-matar. 

II.  A  simple  repetition  of  eueh  ganglionic  centres  nmy  (cdft 
extent,  -without  heterogeneousuesa  of  fiiQCiion,  or  any  «asi>ntift)  i 
from  the  mode  of  action  just  indicated;  each  of  then  uenttws  I 
specially  connected  by  afferent  and  motor  fibres  with  one 
(Uvision  of  the  body,  and  may  minister  peculiarly  to  ita  actions ; 
several  centres  may  be  no  intimately  connected  by  canuutssiinl 
that  an  impre^ou  made  upon  the  aJTerent  nerves  of  any  one  of  ' 
may  excite  respondent  motions  iu  other  segments.— This  wo  scp 
tbi-ough  the  annular  gangliated  cord  of  the  higher  Kadiata,  and  ' 
the  lougituilinal  gaiighated  cord  of  the  Articulata;  the  disposition  flfl 
ganglia  and  of  their  connecting  cords,  having  reference  simply  U  ' 
general  plan  of  the  body. 

III.  A  higher  form  of  Nervous  System  is  that  in  which  the  mul^p 
tjon  of  ganglionic  centres  has  reference,  not  to  the  miUtiplicadoD  \ 
similar  parts  which  are  to  be  alike  supplied  with  nervous  jiowit,  but  t 
the  exercise  of  a  diversity  of  functions,  through  the  inBtnunrutohlT  < 
different  structures:  thuit,  iu  the  higher  Articulated  and  ^lolla 
tribes,  we  find  ganglionic  ceutres  specially  set  apart  for  the  actico*  < 
deglutition  and  respiration,  oa  well  as  for  those  of  locomotion  ;  imt  I 
jiwdiu  operandi  is  still  the  siLme,  these  actions  being  all  '  excite 
that  is,  being  performed  through  the  'reflex'  agency  of  their 
ganglionic  centi-es,  without  the  necessary  intervention  of 
Theae  centres  are  connecteil  viith  each  other  couuniasmally,  ■  ' 
are  required  to  act  with  conacntaneousness ;  and  it  is  froqC' 
observed  in  the  most  developed  forms  of  each  type,  that  thej  imIhu 
actual  coalescence,  their  fiiuctional  distinctness  being  still  indical«L^ 
ever,  by  the  distribution  of  their  nerve-trunks. 

*  For  a  general  view  of  the  facta  on  wliich  (brae  concliiaaDt  are  hued,  mt  "Miti 
Conip.  PhjB.,"  Chap.  ini. 

+  Itnu;.  perhofia,  bedonbl«(lir)ietberaiiyA[umal  reAlIjenata,  jianf nni  i^  m  >  »  MT 
system,  nnil  jet  not  endriwed  irith  cuuxdoiumeA.  It  a  qnite  i^ertain,  howartr.  tbt  (M* 
do  exisl  (the  TuDicateil  Mullosca  fur  eiample),  id  which  the  acliooi  aboTB  nttmi*,  ■ 
the  on] J  oneeof  which  we  havii  any  diBLxoot  evidence  froDi  uhttrvation  tAi3tmit\ 
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IT.  Id  all  Imt  the  very  lowest  Invertelirata,  tlif  Nyrrous  Syatem  in- 
cludes, ill  iwldition  to  the  foregoing.  aiTtaio  ganglionu!  eeritms,  situated 
in  the  neighboiirliood  of  the  entmuce  to  the  digestive  cavity,  and  con- 
nected with  organs,  which,  from  their  more  or  less  close  resemblance 
to  our  own  instmmentB  of  ajiecial  at'iiHe,  wo  conclude  to  be  oi^nua  of 
Bight,  smell,  hfiaring,  Ac,  Now  us  we  know  from  our  own  experience, 
tiiat  im|>resaioiia  made  upon  these  organs  jiroiiu-?*  no  influtncc  ou  our 
actions  unleira  we  become  coimciem^  of  tliem,  and  an  the  Invertebrate. 
pO«sma  no  distinct  giinglionic  cenli-c8  of  a  higher  character,  it  seems  to 
be  a  legitimate  inference,  that  these  'sensorial'  ganglia  are  the  instru- 
ments by  which  the  animals  furnished  with  them  are  rendered  cogiii2ant 
of  each  imprc%ions,  and  through  which  the  sensations  thus  ealli^  into 
existence  serve  to  prompt  and  direct  their  movements.  What  ia  com- 
monly designated  as  the  'brain'  of  Invertehmta  (more  properly  their 
'  c»-phiilic  ganglia')  cannot  be  slmwn  to  consist  of  anything  else  than  an 
assemblage  of  ae-iimrial  centres;  and  its  actions  apjiear  to  1k! entirely  of  « 
'reflex'  character,  Huch  of  the  movements  of  tlu'Be  animals  as  are  not 
excito-motor,  being  perfomied  (there  is  strong  reason  to  believe)  in  dii-ect 
respoudunee  to  sensations  excited  by  internal  or  external  impi'essioua. 
Such  moveroeota,  therefore,  may  be  designated  as  ^eiutori-vu/tor,  or  am- 
nmvaal.  Like  the  preceding,  they  do  not  appear  to  involve  the  participa- 
tion either  of  Emotion,  Reason,  or  WUl ;  and  the  proportion  which  they 
Ijear  U>  the  actions  of  the  exeitjvmotor  kind,  seems  to  correspond  pi-etty 
eloeely  with  the  relative  development  of  the  cephalic  ganglia  and  of  the 
rest  of  the  nervous  system,  as  is  very  obvioua  when  the  larva  and  imago 
atntea  of  Insects  are  compared. — However  disioiuted  the  various  '  excito- 
rootor'  centres  may  be  amongst  each  other,  we  unifonnly  find  them 
connected  with  the  'sensory'  ganglia  by  commisatiral  tracts;  and  this 
anatomical  fact,  with  many  phenomena  wliich  ob9er\'ation  and  experi- 
ment upon  their  actions  have  brought  to  light,  makes  it  apparent,  that 
besides  the  reflex  actions  wliich  arc  jwrformed  thi-ough  their  own  direct 
inatni mentality,  the  Menaory  ganglia  have  a  parts cijMition  in  those  per- 
formed tlirough  otlier  ganglionic  centres.  Tliua  it  seems  probable  that  a 
stimulus  tmuaniitted  downwards  from  the  sensory  ganglia,  to  one  of  the 
ganglia  of  the  trunk  of  a  Centipede,  excites  the  efferent  nerves  of  that 
gunglioii  to  call  into  conti-aetion  the  muacles  supplied  by  them,  just  as 
tlie  excitor  influence  arriving  at  that  ganglion  through  its  own  afferent 
nerves  would  do. 

459.  The  whole  Nervous  System  of  Invertcbr^jted  animals,  then, 
may  be  regarded  as  ministering  entirely  to  pureiij-rijlex  action ;  and  it» 
highest  development,  as  in  the  class  of  Insects,  is  coincident  with  the 
highest  manilcatations  of  the  '  instinctive'  powers,  which,  when  carefully 
examinv^L  are  found  to  consist  entirely  in  movements  of  the  excito- 
motor  and  senaori-motor  kimls.  When  we  attentively  consider  the  habita 
of  these  animals,  we  find  that  their  nctiouK,  though  evidently  adapted  to 
the  attainment  of  certain  ends,  ai-o  very  far  from  evincing  a  designed 
adaptation  oa  the  part  of  the  beings  that  perform  them,  such  as  that  of 
which  we  are  ourselves  conscious  in  our  own  voluntary  movements,  or 
which  we  trace  in  the  ojieratrous  of  the  more  intelligent  Vertebi-atn. 
For,  in  the  firat  place,  these  actions  are  invariably  performed  in  the 
tanie  nuuiaer  by  all  the  individuals  of  a  species,  when  the  conditions  are 
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the  same :  and  thus  are  obviously  to  be  altributetl  rather  to  «  unifcnii 
impulae,  tlian  to  a  free  choice  ;  the  moat  ivinarkahle  exaulplei  of  lii» 
bciuy   fiirnislied   by  the  economy  of  Bees,  Wiwpa,  aiiJ  other  '  mcml  In- 
sects, in  whii.^h  every  individual  of  the  community  [•erfiimis  it*  »inir> 
priate  jiiirt,  with  the  exiietitiulf  and  method  of  a  perfect  nia'.-hiiic.    Tl» 
very  perfection   of  the   adnptiition,  agaiii,  is   often   of  itself  n  iiii(iici<U 
evideuce  of  the  mu'easoning  chiii'acter  of  the  beings  which  jwrfum  ll* 
work;  for,  if  we  attrihiite  it  to  their  owu  iutelligence,  we  luiut  tjtiiil 
that  tliis  intelligence  frequently  equals,  if  it  does  not  surpass,  ih»i  of  lit  I 
most  accomplisiicd  Human  reaaoner.*     Moreover,  tlieec  oiwratiaiij 
performed  without  auy  guidance  from  experience ;  for  it  nui  l>e  \ 
in   many  eases,  tliiit   it   is  impossible  for  the  beings  which  execute  1 
to  have  received  auy  instruction  whatever;  and  we  see  that  they  Ju  Mil 
themselves   nmke  any  prosresai^-e  attempts  towarda  pRilection,  but  lliil| 
they  acponipliah  their  work  as  well  when  lUey  first  apply  llnriii«eliei 
it,  as  after  any  number  of  repetitious  of  the  same  acts.      It  it  iut 
to  observe,  momover,  that  as  these  instinctive  operations  vaiy  at  <lu 
]ierio(b  rif  life,  so  there  is  a  con-enpumling  variation  in  tin-  stnich 
the  Nervous  system.      Thus  we  see  that,  in  the  larvn  of  the  Ins<'Ct,|_ 
opea-ations  are  entirely  directed  towards  the  acquisition  of  food  ;  anil  I 
organs  of  sense  mid  locomotive  powers  are  only  so  fcr  (leTt"|ii|wli 
servo  this  purpose.     But  in  the  hnago  or  (lerfect  Insect,  the  prin 
object  is  the  coutiuunnce  of  the  race;  and  the  seusorial  and  tuulnr  i 
duwmentB  lire  adapted  tii  enable  the  individual  to  seek  its  uinto.  ooil  I 
Dtake  prejiarations  (frequently  of  a  most  elaborate  kiod)  for  Uie  nar 
of  the  olispriuj^.^Henot'  «a!  onn  scarcely  fail  to  arrive  at  the  conclu 
that  the  fiiliijilireiieiiii  of  the  iiistiuctive  operations  of  Insects,  Ac,  liiwl 
the  original  construction  of  their  nervous  system,  which  causes  [i 
movements  to  be  executed  iu  tUrect  respondcnoe  to  certain   iinpnsEia 
and  aenaiitions.     And  this  I'lew  is  confirmed  by  the  comparison  of  ! 
movements  with  those  which,  in  the  Hiunau  subject,  are   most   dir 
concerned  in  tlie  maintenance  of  the  life  of  the  individiml,  and  in 
perpetuation  of  the  race.      For  we  have  the  cTidence  of  eur  own  • 
scionsness  in  regard  to  these,  that,  however  obvious  their  jmrju-r'  nuiv  I 
aud  how^ever  complete   their  adiipUilion  to  that  purjKisc,  they  ant 
formed,  iwt  with  auy  notion  of  that  puii^jse,  but  at  the  pruniiiting  o(i 
irreaistiblo   impulse,   which    is  not  only  indeijcndciit  of   jdl   iutrllig 
appreciation   of   the   result,   but  may  produce    its  effect   witliout 
ad'ccting  the  consciouanesa  of  the  agent.     Thus  the  infant  seeks 
nipple,  and  puts  it-s  muscles  into  suctorial  action,  witlioiut  any  I 
ledge,  derived  from  experience,  that  by  bo  doing  it  will  relieve  tbo  1 
easy  feeling  of  hunger;  and  jf  we  coidd  imagine  a  uiau  coming  into  I 
world  with  the  full  pn.sscasion  of  all  hL>j  faculties,  we  nuiy  feel   lulenbh 
certain  that  lie  would  uot  wait  to  eat  until  he  had  learued  by  e.xjwrie 
his  dependence   upon   food.     We   shall  mhj   (§  5211)  that   adult  aaitt 
whose  Cerebral  homis|]heres  have  been  removed,  will  eat  food  that  \»  I 
intii  their  mouths,  although  they  will  not  go  to  seek  it;  and  this  is  I 
case  with  ii;nuy  Human  idiots.   When  the  functions  of  the  Bmin  arvdil 
tuvbed,  or  iu  partial  abeyance,  as  in  fever,  we  often  obaerveA  i-cniark 

•  See'-Princ.  ofUomp.  Phjg.,"  *Ui  edit.,  p.  801. 
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return  to  the  instinctive  proiwiiBitiea  in  regard  to  food ;  and  tbe  Fhysicion 
fruquently  derivisi  iiiiportunt  guidanee  with  reajjecl  to  thi'  [wtitnt's  diet 
and  re^imeu  (}>urticulu,rly  lis  U>  the  adiuiuiiiti'atioii  of  wine),  from  the  iu- 
clination  or  disiucliuutiou  which  he  rnanileata.  So,  in  regai'd  to  tht)  lutcr- 
coiii'si;  of  the  seios,  tlie  impulsu  wliich  piijcifits  to  it  does  not  arise  from 
ft  knowledge  of  the  ultimate  jiurjioaea  whicli  it  is  designed  to  answer;  and 
tie  higher  powers  of  the  mind  are  only  so  far  concerned  in  it,  that  when 
the  action  of  the  instinctive  impulse  Itas  led  to  the  formation  of  a  delinite 
idea  of  the  object  of  desu-ti]  the  Intelligeucf)  la  prompted  to  take  means 
for  its  giatification.* 

i60.  Tims,  then,  the  tyiMj  of  psychical  perfirction  among  In  vertebra  ted 
animals,  which  Ja  nijuiifeuted  in  the  highest  degree  in  the  Socuil  Insects, 
consists  in  the  exclusive  development  of  the  luHtiuotive  feculty ;  that  ia, 
of  itittoinatic  powers  of  a  very  simple  kind ;  in  virtue  of  wliich,  each 
individual  pertbrma  those  ttctione  to  wluch  it  is  diroutly  prompted  by  the 
impulse.^  ai'ising  out  of  imprcssiont)  uuule  upon  its  afferent  nerves,  without 
any  self-contii:il  or  aelf-dii-ectiou ;  ao  that  it  must  be  regarded  as  entirely 
a  creature  of  necessity,  performing  its  inatnimentol  part  in  tbe  economy 
of  Nature  from  no  design  or  will  of  ita  owu,  but  ia  accordance  with  the 
plan  origimilly  devised  by  its  Creator. 

461.  On  turning  to  the  Vert«brated  series,  on  the  other  hand,  we  find 
thut  Us  typo  of  ]>Hyehical  perfection — as  shown  in  Man — consists  in  the 
highest  development  of  the  Reiutin.  and  in  the  supreme  domination  of  the 
Wm.to  which  all  the  'automatic'  actions,  save  those  which  are  absolutely 
essential  to  the  mainteiiauee  of  the  Organic  functions,  aw  brought  under 
subjection ;  so  that  cAcb  inilividual  becomes  not  UI1I3'  a  thinking  and 
reflecting,  but  a  sclf-movuig  and  self-controlling  agent,  whose  actioua 
are  perfonnetl  with  a  dehnit*  puj'pose  wliich  is  distinctly  before  his  own 
view,  and  are  ailapted  to  the  attainment  of  their  end  liy  his  own  intelli- 
gence. This,  however,  is  only  tnie  of  Man  in  hia  moat  elevated  state ; 
und  not  only  in  ascending  the  Vertehrated  scale,  but  also  in  watching 
the  progressive  evolution  of  kin  mental  faculties  during  the  earlier  periods 
of  hia  life,  may  wo  trac<^  a  regular  gradation,  from  a  condition  but  little 
(if  at  all)  in  advance  of  that  of  the  higher  Invertebrata,  up  to  tlmt  which 
ia  displayed  in  the  noblest  examples  of  Humanity.  Through  the  entire 
aeries,  however,  we  perc<:ive  tliat  the  Excito-motor  and  Sensori-motor 
portion  of  the  Nervous  9yst*im  (§  404)  constitutis  its  fimdameutal  and 
COMUtial  pai't;  serving  not  merely  as  the  instrument  whereby  those 
actions  aiv  perfurniod,  which  are  an  nt'cessnry  among  the  higher  animals 
aa  they  are  among  the  lower,  for  the  maintt'uauce  tif  the  Organic  functions 
(55  '2i,  3''»);  but  also  as  the  immediate  recipient  of  all  those  iinpreasiona 
frotn  without,  by  wliich  tlie  higher  operations  of  ]^[iud  are  excited,  and 
u  the  executant  of  the  actions  which  proceed  from  them.     But  as  we 

•  We  IupTB  not,  perbapa,  any  riglit  lo  affirm  that  thoro  is  wilhing  tnholrrer  nnnlogouic  in 
the  biTertebraU  to  tlie  KuuuDing  puvefK  anil  Will  of  higher  luiiliinl* :  but  if  tbcsc  Tncultiis 
liavp  any  eiintcnce  amniij!  ihi^m,  iJiey  muirt  Im  regntdfil  M  in  ■  mfrely  rudimentary  sljite, 
ft.rnii".nJing  with  liie  uuJe<Bli>i)eJ  'imJilion  of  tbu  r«rcl>rnni.  Tlii;  on))'  diatiBcl  inJii-a- 
lii/Q  -'f  iiitt-lliBaiii-t'  Jisplttjed  by  Invsrttjlirntiii,  in  IIib  alight  ilsgree  nf  w>|p(K'i(j  «{  "lenmiDg 
hj  inpitrience"  which  •ams  of  them  display ;  thin  caparJly  beinB  limit«d'  to  the  mere  fomin- 
Uoo  of  <miiriiili"M  between  IhpjBjehiailstulcBcallHl-uii  hy  JiflemutobjoctB  of  sense,  which 
we  ohMTTe  to  l>e  the  first  i!lAge  in  the  ileTetopment  cf  iha  aivnUl  poweiH  in  the  Hnmui 
infkat (See  "Pnisic.  oir  Coat-.  Puts.,"  §  Ua2iiB(r). 
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aso.'nd  the  Vertebntted  scale,  or  as  we  watcU  the  pnjgrwwvn  jini^ia] 
ilovelopmeut  of  the  lulimt,  we  liud  it  ln-coroiug  moi-e  and  more  'ilmr"i» 
tliat  thu  actions  are  prompted,  not  so  much  by  simple  sensations, 
or  notions  of  the  i>bjecta  to  which  they  rclnte;  these  idens  l*iij^ 
in  a  lar;^  pnipt^rtion  of  JBstoni'ea,  u(-on  the  result*  of  pa»t  fi^KziaM^  | 
and  the  ccmrau  "f  itction  being  sliape<i  ui  iiciwrdauce  with  it,     la  tbttoh 
of  aniniaLi  of  u  still  higher  gnulo,  as  in  thoseof  thcCUihl,  wcmiiKvctljrl 
&il  to  pDrceivt<  the  manifestation  of  recMomii'jjrro'Xiiiitaiwinii'fffUBlatitttl 
which   wc   ourselvus  perform,  and   the  exprtssioua  of  j»mi.'  uf  ibMI 
emotional  staits  of  whiph  we  are  oiu'selves  oonBcioujs.     The  sup 
of  these  more  oievattd  eudowments,  in  the  VerU'brattMl  (htIi:'-' 
dent  witli  the  addition  of  a  jiecnliar  gBnglionio  cwitre,  iJie  t'r 
the  Hensori -motor  appwatus ;    and  the  relative  pro|K>rtioii 
former  bears  to  tbe  latter,  both  as  to  »\ze  and  to  com  pies  ity  of  b'hi.-tiiw.j 
corresponds  so  closely  with  thi?  degree  of  predominance  which  ihe  liilrlt- 
gence   possesses   over  the   Instinctive    projiciisitics,   that   it    is 
pessil.Je  to   doubt  that   the  Cerebrum  is  the  instrument  througli ' 
this  higher  form  of  [isyclucal  power  is  exeroised.     Much  of  tbia  ei 
however,  may  still   be  fnifdiiuUic   in   its  nature;    for  so  long 
euiTeiit  of  thought  and  feeling  flows-on  in  accordance  with  tlin  i 
promptings  of  Suggestion,  and  without  any  iuterlerencc  from  Vo 
may  it  bo  considered  aa  a  mauifestation  of  the  '  roHi'x' activity  I 
Cerebrum,  which  takes  the  form  of  a  fiieitla{  inidinet.     This  relliix  i 
mnniftrsts  itself  not  only  in  the  psychicul  0))enitions  themeelvni,  Iml  i 
in  muscuhir  movements ;  and  these,  when  they  proceed  from  siniJiU  id 
without  any  Excitement  uf  feeling,  may  be  designated  ad  tdtt 
whilst,   if   they  spring   from   a   passion   or  emotion,   they  ar» 
miiotioiiai.     The  nieiitiil  instincts,  however,  are  by  no  means  Minv 
in  the  different   indiWduals   of  the  some   ajiecice,  as  are  what   itltT 
termed  the  phijsiad  Instincts  of  that  inferior  part  of  the  ri'T 
ap[>aratU3,  which  i»  more  closely  connected  with  the  maiiiU'tin 
Organic  life;  the  particular  diauges  which  any  given  snggi  ■ 
excite  Id  each,  being  partly  determined  by  original  coustituUi:ui, 
partly  by  accpiired  habits, 

46i.   The   sujieriority  of  the  Miiid  of  Man   over  tliat   of  the  Hi* 
elevated  among  the  lower  animals.  cunsiBts,  not  only  in  tlii;  fiir  i 
variety  and  range  of  Ids  fitcnlties,  but,  yet  more,  in  that  dominant  [«■ 
of  the  Will,  which  enables  liim  to  utilize  them  with  the  highest  rtfa 
In  so  far  as  the  course  of  his  thoughts  and  feelings  is  the  mere  rcMill  i 
the  action  of  extemid  impressions  upon  an  organizatiou  liaving  crrl 
reapoudont  tendencies,  must   he  be   conaidwed  aa  irresjiousible  I'M"  1 
actions,  his  cbaiiicter  being  formed /irr  instead  of  bi/  hiiu :  bnt  in  «ii  btl 
he  can  exert  a  VoUtional  [lower  of  directing  hia  thoughts  and  coutralE 
his  feelings,  may  he  rise  3ui>erior  to  circumstances,  make  the  uiuOi 
vantageouD  use  of  the   Intellectual   faculties  with  which  h<-  aiKf  I 
endowed,  and  bring  liis  Moral  character  more  and  mure  into  ac 
with  the  highest  ty]ie  which  bis  nature  may  be  capable  of  attaining  lol 
pivsent  sphere  of  existence.     Notwithstanding  the  evidt'uces  ofratioiuRq 
which  many  of  the  lower  aiuiuals  present,  and  the  manifest.it i' ins  wt 
they  display  of  emotions  that  are  siniikr  to  our  own,  theire  isn<-  groiuuil 
believe  that  tliey  have  any  such  couti'oUiug  jKiwer;  ou  the  C4>utivy,i 
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olswrviitioii  hw.'His  to  lead  to  tlie  conclusion,  tliat  they  are  uniler  the 
coiii|i!i'tt'  (loiiiiimtion  of  the  iileiis  and  emotions  hj  which  they  may  In-  for 
the  time  jKiMfK^ssi'i],  mid  have  no  power  either  of  refiressing  these  by  a 
forcible  act  of  Will,  or  of  turning  the  attention,  by  u  like  vohintftry 
effort,  into  another  channel.  In  this  respect,  then,  their  condition 
resembles  that  of  the  Dreamer,  the  Honjnanihnle,  or  the  Insane  jniticnt, 
in  all  of  whom  this  volimtiiry  control  is  auapeuded,  and  who  (when  their 
minds  are  suseeptible  of  external  im|)ri'ssion»)  may  Xm  so  'jilayeil  ujiou' 
by  the  suggestion  of  idena,  that  any  respondent  action  consistent  with 
the  hubitnal  mental  state  i:>f  the  individiuvl,  may  be  evoked  by  an  appro- 
priate stimulus;  just  aa  we  see  in  the  caiw  of  animals  that  ore  trained  to 
the  performance  of  particular  sets  of  movemeuta,  which  are  executed  in 
reapondence  U)  certain  jironiptings  conveyed  Uj  them  thi^ough  their 
Btnsorinm.  Now  between  the  complet-e  want  of  this  controlling  jH>wer 
of  the  Will,  and  the  moat  perfect  pofwsaion  of  it,  every  intei-metliate 
gnwlation  is  presented  by  the  several  individuals  which  make  np 
the  Uuman  species;  some  persons  being  so  much  accnstomed,  in  consc- 
([Uence  of  the  weakness  of  their  Will,  to  act  directly  upon  the  j)rompting 
of  every  tnuisient  iuiimlse,  that  they  can  searctily  be  said  to  be  voluntary 
agenta;  and  others  allowing  ccrtam  tiominant  ideas  or  habitual  feellnga 
to  gain  >uch  a  mastery  over  them,  aa  to  exercise  that  detennining  power 
which  the  Will  alone  ought  to  exert.  This  gradation  inny  be  perfectly 
traced  in  cliildren,  in  whose  education  the  development  of  the  faculty  of 
*  seK«ODlrol "  should  be  a  loading  object ;  and  it  is  also  displayed!  in  certain 
phftees  of  mentaJ  Imbecility,  which  result  from  a  deticiency  of  the  power 
of  voluntarily  fixing  the  attention  u[iou  any  object  of  consciousness,  and 
of  iliuB  witlidrawing  it  either  fi'ora  estemal  objects  that  tend  to  distract 
the  min<],  or  from  notions  it  has  adopted  which  hold  it  in  subjection. 

4tj3.  When  we  apply  ourselves  to  the  study  of  the  Cerebro-8pinal 
KervoUB  centres  of  Man,  we  find  ourselves  peculiarly  liable  to  be  misled 
liy  the  great  development  which  the  Cerebrum  presents,  both  as  to  Aits 
iind  to  complexity  of  structure,  in  proportion  to  llie  other  centres;  and 
thus  it  has  liapjH'ned  that,  through  the  too  exclnaivii  alt«nticiu  commonly 
pitid  to  Ilvnvin  Anatomy,  tliu  meaning  of  the  facta  bixiught  to  light  by 
dissection  has  been  very  commonly  misapprehended,  and  many  of  lite 
physiological  interpretations  ba£e<l  upon  them  have  been  completely 
uegatived  by  more  extended  inquiry. — It  m  only,  in  faot,  by  studying 
the  Ceitbro-Siiiual  ap[)aratns  in  its  lowest,  aa  well  us  in  its  highest  form, 
and  bv  briuging  the  inteii-ening  giadca  into  com|)arison  with  both 
extremes,  that  it  ia  possible  to  establish  what  are  its  fimdamental  or 
GHsential,  and  what  ila  accessory  parts;  and  in  this  way  only  can  such  a 
correspondence  he  established,  between  the  development  of  a  particular 
ntructnre,  and  the  manifestation  of  a  |>sychical  endowment,  as  may 
eniible  the  latter  to  be  attributeil  with  any  degree  of  pnjbability  to  tho 
Ibrmer.  In  &ot  there  ia  no  part  of  the  Human  Organism,  us  to  which 
the  ailvantages  of  such  a  comparison  are  so  striking,  or  in  which  the 
value  of  the  "  experiments  ready  prei)Ha-ed  for  us  by  Nature  "  is  so  much 
above  tlint  of  the  residts  of  artificial  mutilatioiiB. 

464.  CWd/rO'Spinal  Nerwwi  Centres. — Under  the  guidance,  then,  of 
thene  principlea,  we  find  that  we  may  tlistinguisli,  as  the  fundamental 
part  of  the  Gerubro-tipinul  ap^iuratus  of  Man,  the  Cranio-Sjiinal  AxU, 
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consiating  of  th(^  Spiniil  Cord,  the  Mi-ilulln  Oblongata,  Mid  tbc  Imwmi; 
Gungl'm.  aiitl  n!togctlii?i-  ciniatitiiLmg  the  centre  of  autotnntii"  hi'hwwttI 
— T!ie  S]iiiuU  Coni,  coiisiKtiiig  of  a  tract  of  venit'iilar  i. 
witliiii  etraiiils  of  kmgitudimil  fibres,  jmd  giving-utf'  su: 
iutervertebral  nervoa  wliich  are  connected  at  tlii-ir  ri-c^-  "n 
tliisse  coiujjouents,  is  obviously  homologous  with  tiie  piiinlmi 
uolumn  of  the  Articulata,  rLiE'flf  dilferiag  from  it  in  tlie  oontu 
the  ganglionic  substanci;  which  occuiiieu  iti  iuterior;  nnd  wicli  -•■■.■iii 
division  of  it.  which  served  oa  the  centre  for  its  own  pair  of  ii 
be  cnni^dered,  like  each  ganglion  of  the  ventnil  columu  iif  th<:  -'.... 
as  a  repetitiou  of  the  single  *  pedal '  or  locomotive  guugliun 
Wollusca.— The  Medulla  Obloogala  consiata  of  a  act  of  eUiuidi,  1 
caaenliolly  cmTespoiid  with  the  corda  that  paaa  round  the  nwop 
luvertcbruted  nuiiimls,  councotjiig  tlio  cejiholic  ganglia  witli  tlw^ 
sub-(t«opliugeal  ganglion;  but  as  the  whole  cranio-spinal  axis  a 
Vertebmta  lies  alin-''  the  alimentary  canal  (the  tnuik  being  nop 
be  in  a.  horizontal  position),  there  is  no  such  divergence  of  thwal 
the  only  scpanition  between  them  being  that  wliich  is  Icnown 
'  fourth  ventricle.'  lateipoaed  among  the  eommiasurol  librw 
Medulla  ObloDgata,  however,  ai-e  certain  collections  of  vesicular  I 
which  serve  aa  the  ganglionio  centres  for  the  luovciiiente  of  i 
and  deglutition,  and  which  thus  correspond  with  the  re^pimt 
stomato-gastric  ganglia  of  Invertebrated  animals.  Thia  imnjrjn 
so  many  diittinct  centres  into  on.e  system,  would  seem  diatiunJ  in  | 
to  afford  to  all  of  them  the  prelection  of  the  vertebral  coliiiim  ; 
j>art  to  secure  tliat  con.'ieDtaneoufluesB  of  action  oiid  tliiit  rrmdy  mcan< 
mutual  influence,  which  are  [icculiarly  requisite  in  beings  in  wliuu  I 
activity  of  the  Nei-voua  syEtem  ia  so  predominant.  Thus  the  cloae  i 
nection  wliich  is  established  in  the  higher  Vertebrated  aiiimab.  bel» 
the  respiratory  aiitl  the  general  locomotive  ajijjai'atuB,  is  obviously  i 
Hci-vient  to  the  use  which  llie  former  makes  of  the  latter  in  the  frrim 
ance  of  its  functioiia;  whilst,  on  the  other  band,  the  cunti-ol  wliicli  ilni^ 
encoidialic  centres  possess  over  the  actions  of  the  respirat/iry  \ 
enables  the  will  to  reguJate  the  inspiratory  and  expit»tory  movt 
in  the  manner  required  for  the  acta  of  vocalization. — Under 
Sensory  Ganglia,  may  be  comprehended  that  aasemblage  of 
masses  lying  along  the  base  of  the  skull  in  Man,  and  partly  iuclll 
the  Medulla  Oblongata,  in  which  the  nerves  of  the  '  special 
Taste,  Heaj'uig,  Sight,  and  SmoU,  have.,  their  central  terminatioiu;  '- 
with  these  may  probably  be  associated  the  two  pairs  of  ganglionic 
known  as  the  Corpora  Striata  and  Thalami  Opdci,  into  whicli  mtj^l 
traced  the  greater  proportion  of  the  libres  that  constitute  tUo 
strands  of  the  Medulla  Oblongata,  and  which  seem  to  stand  in  ihr  I 
kind  of  relation  to  the  nerves  of  Touch  or  '  common  aensntioa,' 
the  Olfiictive,  Optic,  Auditoiy,  and  Ountative  ganglia  Ijear  to  their  xv 
nerve-tninka. 

4(f0.  Now  it  is  not  a  little  interesting,  that  this  Crania-Spinal  i 
which  rejireaents  in  Vertebrated  animals  the  whole  uen-oua  system  i 
the  Invertebrata  (with  the  oxcejjtion  of  the  rudiment  of  the  Synif 
which  they  possess),  should  exist  in  the  lowest  known  Virricli 
animal  without  any  su{>eradditian,  and  should   be  suHiciciit  for  the  pt-j 
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anncc  of  all  its  ftctifma.  Sucli  is  the  esse  in  tLe  curious  Anpliioxiui, 
n  little  tish  whicli  pri?sciits  not  the  slightest  trace  of  either  Ceriibmni  or 
Cerebelium,  ami  in  which  even  the  senKory  ganglia  and  the  organs  of 
ipeoial  sense  hfive  only  a  rudimentary  existence ;  and,  in  whicli,  tflo,  the 
Gjiiual  ccinl  is  composed  of  a  aeries  of  ganglia  that  are  obyiouslj  distinct 
from  each  other,  although  in  close  nppi-oximatjoa.  And  even  in  the 
lower  Cjclostoiue  Fishes,  the  condition  of  the  nervous  centres  is  very 
little  above  this,  save  as  regai-ds  the  larger  development  of  the  aensoi-y 
ganglia.— This  condition  hna  its  psi-allol,  even  iu  the  Human  speciea, 
in  the  cage  of  In&uts  which  are  oocnsionally  born  without  either  Cere- 
brum or  Cerebellum  ;  such  have  existed  for  several  lioura,  or  even  days, 
hresithing,  sucking,  crying,  and  performing  various  other  movomeuts; 
and  there  is  uo  physiological  reason  why  their  lives  should  not  be  pro- 
longed, if  they  be  nuitured  with  sufficient  care  (§  2o). 

46C.  In  Mau,  however,  as  in  all  the  higLor  Vertehmta,  we  find  super- 
impinwi]  (as  it  were)  u|ion  the  Sensory  ganglia,  and  constituting  the 
principal  mans  of  the  £nc«phaloa,  the  bodies  which  are  known  as  the 
CerebnU  Udiiiaphfjva.  or  UtmUpIufria  Ganglia.  Now  when  these  are 
BO  greatly  developcl,  aa  to  oover-in  and  obscure  the 
Sensory  ganglia  to  tlie  degree  which  presents  itself 
m  Man,  it  is  not  surprising  that  the  fundamental 
impoiliiuce  of  the  latter  should  not  bu  gencruUy  re- 
ct^ized ;  iu  Fishes,  however,  the  pn)])ortiou  between 
the  two  seta  of  centres  is  entirely  reversed,  the 
rudiments  of  the  Cerebral  Hemispheres  {Fig.  80,  b) 
lieing  iiauftlly  inferior  in  size  to  the  Optic  ganglia 
(c)  alone.  Indeed,  of  the  pair  of  ganglionic  masses 
to  which  that  designation  is  usually  appUeil.  it  may 
be  almost  positively  stated,  that  the  greater  part  ia 
IiuroologoiiB  with  the  Cor])ora  Striata  of  the  Human 
brain;  it  being  only  in  the  higher  Cartilagin<jiis 
fishes,  that  a  ventricular  cavity  exists  in  each  of 
those  bodies,  separating  the  thin  layer  of  true  Cere- 
bral siilstauce  which  overli<s  it,  from  the  ganglionic 
mass  which  forms  its  floor.  Between  these  two  ex- 
tremes,  a  rc-^lar  gradation  is  pi-eseuted  iu  the  inter- 
mediate tribes. — Now  it  is  a  jioint  ejipecially  worthy 
of  note,  that  no  sensory  nerves  terminate  directly 
in  the  Cerebrum,  nor  do  any  motor  nerves  issue  Brun  of  cw>— i,  nliw. 
froni  it;  and  there  seems  a  strong  prolialiility  that  j*"  puigii«;^  ».  ™i"^ 
there  is  not  (as  formerly  supposed)  a  direct  con-  tMrtiihim!"' "^  ' 
tinuity  between  even  all  or  aDy  of  the  nerve-fibres 
diirtributed  to  the  body,  and  the  medullary  substance  of  the  Cerebrum. 
For  whilst  the  nei-ves  of  'special'  sense  have  their  own  ganglionic 
centres,  it  cannot  be  shown  that  the  nervous  lihrea  of  'general'  sense, 
which  either  enter  the  ci'snium  us  part  of  tlio  cephalic  nerves,  or  which 
]aLa»-<ip  from  tlio  Spinal  cord,  Imve  any  higher  destination  than  the 
Thalami  Optici  (§  51!>).  So  the  motor  fibres  wliich  pimst-forth  from 
the  cranium,  citlier  into  the  cephalic  nerve-trunks,  or  into  the  niotor 
columns  of  the  Spinal  coiil,  though  commonly  designated  as  Cereiral, 
cannot    be  oerUuiily  said  to  have  a  higher  origin  than  the  Corpora 
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Striata.      And  we  xhaJI  tin>t  atroQg  pliysiological  as  well   m  fcn^nmittl 
ground  for  the  beliof,  that  the  C^rebnuu  lias  no  commoiuflitioa  itiA  tii« 
esterim]  world,  otherwise  than  by  its  connection  with  the  .SeusOTWrdHt , 
appiiiutusi  ajid  thai  even  the  movein cuts  which  are  usimlly  de 
as  '  voluntary*  are  only  so  as  regards  their  original  bouim;,  tlit  i 
which  calls  the  muscles  into  contraction  being  even  tbcii  iiiune 
iKiued  from  the  Cmnio-Spinal   nvja,  as  it  is  in  the  mov«uoiit«  i 
by  the  reflex  stimulution  of  oji  eit*ima]  impression. 

467.  Wherever  a  Cerebnim  is  superimposed  upon  the  Sensory) 
we  find  another  ganglionic  mass,  the  CnrebeUuia,  superimposed  i 
Medulla  Oblongata.     The  development  of  this  organ  bears  «  grae 
by  no  meaD9  n  constant  relation  to  that  of  the  Cerubmni ;  for  in ' 
lowest  Fishes  it  vt  a.  thin  lamina  of  nervous  matter  on  the  Tni"luui  lisiJ 
only  partially  covering-in  the   'fourth  veutrit'le;'  wliilat  lu   the 
MauuuHlia,  as  in  Man,  it  is  a  mass  of  cunaiderable  size,  liaving  V*u  1 
lobes  or  hemispheres  iu  addition  to  its  central  portion.     The  dirvrt  i 
munication  which  tlie  Cerebellum  has  witli  both  columns  of  iIk.'  ^" 
cord,  and  the  ct.m|iaratively  slight   commissurul   connectitii 
possesses  with  the  higher  portions  of  the  Encephalic  cenires,  j 
supposition  that  it  la  rather  conccmeil  in  the  reflation  and  ro' 
tioQ  of  the  actions  of  the  former,  than  in  any  proper  psychicnl  r-i^i'iiniiu-l 
and  it  will  hereafter  he  shown  that  the  various  kinds  of  c^ideri' 
by  Comparative  Anatomy,  by  Experimental  inquiry,  and  by  I^......i^_,.~ 
observation,  all  tend  to  support  this  riew  of  its  fiinction. 

4C8.  Niiw  iiltLoiigli  eveiy  segment  of  the  Spinal  Cord,  and  evi-ry  i 
of  tie  Setiaory  Ganglia,  may  be  conaidered,  in  common  with  thffr 
brum,  as  a  true  and  independent  centre  of  nervous  power,  yet  this  in 
peiiileiice  is  only  manifested  when  these  organs  are  aepamfcd  froiii 
other;  either  stntctu rally — by  actual  division;  or  fiiuctionidJy — hyi 
auspemdon  of  the  activity  of  other  parta  In  their  state  of  [.eriki  in 
grity  and  complel*  functional  activity,  they  are  all  (nt  least  in  JUD)io 
such  aubonli nation  to  the  CVrcbruni,  that  they  only  miiiiat^T  lo 
actions,  except  iu  so  far  as  they  are  subservient  to  the  nicuiit«naiHV  < 
the  Organic  functions,  as  in  the  automatic  acts  of  breatlung  and 
lowing.  With  regard  to  every  other  action,  the  Will,  if  it  poeseil  I 
due  predominance,  can  exercise  a  determining  power;  keeping  tn 
every  automatic  impiUse,  an'l  repressing  the  promptings  of  tauu 
excitement.  And  this  seems  to  result  from  the  peculiar  arrangeniunl  i 
tlie  nervous  apparatus;  which  causes  the  e.\citor  iinj'resgion  Iu  tnvel  ia| 
the  v.piaanl  dii*ection,  if  it  meet  with  no  interruption,  until  it  rendw*  lb  I 
Cerebrum,  without  exciting  any  reflex  movements  iii  its  course^ 
it  arrives  at  the  Sensorium,  it  makes  an  impression  on  the  cons 
of  the  iniUvidual,  and  thua  gives  rise  to  a  gfiisuttan;  and  liie 
thus  induced,  lieing  further  propagated  from  the  seusory  gangUn  to  ikfl 
Cerebrum,  becomes  the  occasion  of  the  foniialion  of  an  itiea.  If  «ilil 
this  idea  any  pleasurable  or  jtainful  feeling  should  be  oSBociatod,  III 
assumes  the  character  of  an  enuition;  and  either  as  a  simple  or  w>  Ml] 
emotional  idea,  it  becomes  the  subject  of  iniell^iial  operntvmf,  fhiM] 
ftnal  issue  is  in  a  voliCional  de/emiinntion,  or  act  of  the  Will,  which  iii^  I 
be  exerted  in  pi-oducing  or  checking  a  muscular  movement,  or  in  OB-] 
tix)Uing  or  dirvcling  the  current  of  thought. 
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appamtua  of  Organic  life,  Hie  Vineertil  system.  To  tliis  synteni  we  are 
proliably  to  refer,  not  only  the  Semilun&r  and  Cardiac  ganglia  (wliicli 
seem  to  be  its  principal  centres),  with  tlie  chain  of  crauiiil,  cervical, 
thoracic,  lumbar,  and  sacral  ganglia,  which  are  in  nearer  connection  with 
the  Co rebro -spinal  syHtera;  but  also  numorcnia  iniiiute  ganglia,  which  are 
to  be  found  on  its  bvanchen  in  various  parts.  Jloreover,  the  ganglia 
upon  the  jxwterior  roots  of  the  Spinal  nerves,  atkrl  those  upon  the  I'oota 
and  trunks  of  certain  Cranial  nervea,  may  be  ranked  with  considerable 
proliability  under  the  same  category;  and  if  such  be  the  case,  those 
tibre*  contained  in  the  cerebro-spinal  nerves,  which  have  theae  as  their 
ganglionic  centres,  must  also  be  accounted  iis  belonging  to  the  Sympa- 
thetic system.  On  tlie  other  hand,  there  unquestionably  exist  nnmerous 
fibres  in  the  Visceral  system,  wliieh  proceed  into  it  from  the  Cerebro- 
spinal system;  theae,  however,  are  not  uniformly  distributed,  for  some 
of  tlic  Visceral  nerves  contain  few  or  none  of  them,  whilst  in  othere  they 
are  numerous,  Tlie  liranclios  by  which  the  Kym]>athetic  system  com- 
municates with  the  Cerebro- spinal,  and  which  were  formerly  eonsidei-ed 
as  the  TooU  of  the  Sympathetic  system,  seem  to  contain  fibres  of  both 
kinds; — i.e.,  derebro-spinol  libres  pajraiug  into  the  Sympathetic,  and 
Sympathetic  tibres  passing  into  the  Cerebro-apinal.  The  latter  are  chiefly, 
if  not  entirely,  transmitted  into  the  anterior  branches  of  the  Spinal 
nervea;  the  posterior  branches  being  apparently  supplied  with  sympa- 
thetic fibres  from  the  ganglia  on  tlietr  own  posterior  roots.  Some  of 
theae  last  fibres  also  pass  from  the  Ccrebro^inal  into  the  Sympathetic 
system.  By  these  communications,  the  two  systems  of  fibres  are  so 
blended  with  each  other,  that  it  is  imjKissible  to  isolate  them. — The 
branches  proceeding  from  the  Semilunar  ganglia  are  distributed  upon 
the  abdominal  viscera;  and  those  of  the  Cardiac  ganglia  upon  the  heai-t 
and  the  via,sel3  proceeding  from  it.  The  latter  seem  to  acoonipany  the 
arterial  tnuika  through  their  whole  course,  ramifying  minutely  upon 
their  surface ;  and  it  can  scarcely  l>e  doubted  that  tbey  exercLse  an  im- 
portant influence  over  their  functions.  What  the  nature  of  that  influence 
may  be,  however,  will  be  a  subject  for  future  inquiry  (ch^ip.  xv.).  It  is 
so  evidently  connected  with  the  operations  of  nutrition,  secretion,  Jic., 
that  the  designation  '  nervous  system  of  organic  life,'  aa  applied  to 
this  system,  does  not  seem  objectionable,  provided  that  we  do  not  under- 
stand it  as  denoting  the  dependence  of  these  functions  upon  it. — The 
inter-penetration  of  the  Cerebro-splnal  system  by  the  Sympathetic,  ia 
strongly  marked  by  these  two  circumstances; — that,  in  some  of  the 
lower  Vertobrata,  the  distribution  of  their  trunks  cannot  be  separately 
distinguudie<l ; — and  that,  even  in  the  highest,  some  of  the  glands,  of 
wliiuh  the  secretion  is  moat  directly  influenced  by  the  condition  of 
the  mind,  are  supplied  with  moat  of  their  nerves  from  the  cerebro- 
spinal system,  the  lachrymal  and  aublingiial  glands  receiving  large 
branches  from  the  fifth  pair,  and  the  mammary  glands  from  the  inter- 
costal nerves. 

472.  Cer^frr'i-Spinnl  Nerve-Trunks. — Having  thus  considered  the  prin- 
cipal attributes  of  the  ganglionic  centres  of  the  Cerebro-Spiual  system, 
wo  have  nest  lo  inquire  into  those  of  the  nei-ve-truuka  which  are 
coiinecteil  with  them.  It  is  only  in  the  Vei-tehrata,  that  the  dif- 
ferenoe   between  the   afferent    and  effereiti    fibres    of  the  nerves  has 
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Ijceii  stttiBfectorily  determmeti     The  merit  of  thia  diacnvwy  ii , 
entirely  due  to  Sir  C.  Bell,  who  has  led  to  it  by  a  chain  ''f  i 
ing  of  n  highly  philoeophical  chiu^cter ;  and  although  hU  d : 
inecta  od   the   SpLn&I    nerves  wore  not   sattsfactoiy,   bo  vii , 
termined  the  respective  functions  of  their  two  roots, — the  [k 
sensory  (afferent),  the  anterior  as  tiuUor  (efferent), — by  exj 
jiathologicoi  obserrationa  vipoa  the  CiTinia]  nerves,  some  of  whuji  i 
only  one  class  of  fibres  to  the  exclusioo  of  the  other,  befbn  »B,yi 
physiologist  came  into  the  field.*     Sabsequently  his  generOLl  vin"' 
contirmed  by  tlie  voiy  decided  ecpertmeiita  of  Miiller;  but  until  i 
ceiitly,  sonie  obscurity  hung  over  a  portion  of  the  phenomeun. 
from  tho  llrst  muintaiuccl  by  Magendie,  and  has  beeu  subse^juently  i 
by  otbor  physiologists,  that  the  posterior  and  anterior  roots  of  the  I 
were  Ixith  concerned  in  the  reception  of  impressions  and  in  th«  ; 
tion  of  motions ;  for  that,  on  touching  the  posterior  roots,  not  ■ 
aenaibibty  of  the  aninmi  seemed  to  bo  affected,  but  muBciU>r 
were  ejcited :  and  that,  when  tho  nnterior  roots  were    tou 
animal  gave  signs  of  pain,  at  the  same  time  that  conrulsive  tiiuti 
were  porformod.    Those  physiologists  wore  not  willing,  therefore,  to  I 
more,  than  that  the  posterior  roots  were  (w/WaZfj/ sensory,  and  Uiei 
eitpfci'illi/  motor.   But  the  knowleijge  we  now  jxissess  of  the  '  rvAa^l 
tion  of  the  Spinal  Cord,  enables  the  former  portion  of  these  fill 
to  bo  easily  explained.     The  motions  excited  by  irritating  the  ptia 
roots,  arc  found  to  be  entirely  dependent  upon  their  connection  nilh  ll«l 
Spina!  Cord,  and  ufion  tho  integrity  of  the  anterior  roots  and  uf  1 
trunks  into  which  they  enter;  wliilat  they  are  not  cliejiked  liy  thei 
tion  of  the  posterior  roots  from  the  peripheral  portion  of  the  trunk:  itid 
evident,  therctbi'e,  that  excitation  of  the  posterior  roots  does  ntit  «ct  ia 
mediately  upon  tho  muscles,  through  the  triuik  of  the  nerve  whidij 
contribute  to  form;  but  tbat  it  excitfis  a  reflex  motor  impulse 
Spiiml  Cord,  which  is  propagated  through  the  anterior  roots  to  thikj 
phery  of  the  system.     The  converse  phenomenon,  theappare:it! 
of  the  anterior  routs,  lina  been  explained  by  the  ex]>erinientA  of 
Kronenberg,+  wliich  seem  to  pi-ove  that  it  ia  dependent  upon  ■ 
from  the  [xisterior  roots,  passing  into  the  anterior  roots  at  their  jmint  i 
inosculation,  and  then  directing  itself  towards  the  cord  (§  477). 

473.  Every  fibre,  there  is  reason  to  believe,  runs  %  disLinct  < 
between  the  central  organ,  in  which  it  loses  itself  at  one  extremity,  i 
the  organ  of  sense,  muscle,  or  other  tissue,  in  which  it  terminates  U 
other ;  in  the  terminal  ramifications  of  the  nerves,  however,  a  i 
of  the  fibres  is  frequently  observable.  Each  nervous  trunk  ia 
of  several  fii^lculi  of  these  fibres;  and  each  fasciculus  is  oumjioved  <jf  tl 
large  number  of  tho  ultimate  fibres  themselves.  Although  the  fuM:icuii| 
occasionally  intermix  and  exchange  fibres  with  one  another  (as  cccura  ifl  [ 
B,]ilems),  the  fibres  themselves  never  inosculate.  Eoclitibre  would  tusu,] 
therefoi-e,  to  have  its  ajipropriate  oflico,  which  it  cannot  share  witkl 
anothei-. — Several  objects  appear  to  be  attained  by  the  jilexifonu  arwoif^  ] 
ment.  In  some  iiiHtaaees  it  serves  to  intevmis  fibi-es,  wliich  have  i-lJd«- 
ments  fundamentally  different :  fur  example,  tho  Spinal  Accossciy  nvm, 

■  Sec  "  Brit,  ud  Foreign  Mlh).  Review,"  vul.  ix.  p.  UO,  &«. 
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at  its  origin,  appeal^  to  be  expliiKJvelj  motor,  aiul  the  rotita  of  tlie  Pufu- 
mogfljitrio  to  be  excliiaivcly  a-ffurciit ;  but  by  the  early  admixture  of  thiMe, 
a  large  nimilier  of  inutor  fibres  are  imparteJ  to  the  Pnoumogastric,  iuid 
ari!  diatributeil  in  vuriiibki  j)ro]ioHiou,  with  its  different  bnmchtM ;  whilst 
a  few  of  ita  sensory  filarnonta  aeein  to  enter  the  Spinal  Accessory. — In 
other  instanci'P,  the  object  of  a  plcxns  apjieara  to  be,  to  give  a  more  ad- 
vantageous diatribution  to  fibres,  which  alJ  possess  correapunding  eiidow- 
tnenta.  Thus  the  Brachial  plesus  uiixea-togethcr  the  fibres  arising  from 
five  segnients  of  the  spinal  cord,  and  aeuda-off  five  principal  trunks  to 
supply  the  urm.  Now  if  each  of  these  trunks  had  arisen  by  itself,  from 
A  distinct  segment  of  the  spinal  cord,  so  that  the  port-s  on  which  it  is 
distributed  had  only  a  single  connection  with  the  nervous  centres,  they 
would  have  beeu  much  more  liable  to  paralysis  tlian  at  present.  By 
means  of  tbe  plexus,  every  jiart  is  supplied  with  fibres  arising  from  each 
segment  of  the  spinal  cord ;  and  the  fimotions  of  the  whole  must  there- 
fore be  susfiended,  befsre  complete  paralysis  of  any  piirt  can  occur  from 
a  cause  which  0[)erateH  above  tbe  plexus.  Sueli  a  view  is  borne-out  by 
direct  esperiuient ;  for  it  has  been  ascertained  by  Fanizza  that,  in  Frogs, 
whose  Crural  plexiis  is  much  less  oonip!icat«<l  th;in  that  of  Mammalia, 
section  of  tbe  roots  of  one  of  the  tliree  nerves  which  enter  into  it,  pro- 
duces little  effect  on  the  general  movements  of  tbe  lliub;  and  that,  even 
when  two  are  divided,  there  is  no  paralysis  of  any  of  its  actions,  all 
being  weakened  in  a  nearly  similar  degree. — But  as  Dr.  Gull  hasjKiinted 
out,*  one  use  of  such  a  plexus  as  the  brachial  or  the  cniTRl  appears  to 
be,  to  bring  the  muscles  which  derive  their  nervous  supply  from  it,  into 
relatioQ  with  difl'erent  ganglionic  segmeate  of  the  Spimd  Cord;  each  of 
which  may  exert  a  diverse  action,  either  in  virtue  of  its  own  endow- 
ments, or  of  the  influence  of  the  will  upon  it;  so  that  groups  of  muscles  ' 
may  thus  lie  a.isociated  for  combined  actions.  All  oonaidei-ation  of  the 
mode  in  which  we  make  use  of  oiu'  niusclea,  and  of  the  power  which  we 
have  over  them,  lutds  to  the  conclusion  that  etu;h  ganglionic  centre  liat;  it 
■peoific  and  limited  sphere  of  influence,  producing  certain  movements 
&nd  no  others;  hence,  for  the  execution  of  a  variety  of  movements  in 
harmonious  combination  with  each  other,  it  seems  requisite  that  the 
nervous  supply  of  each  muscle  should  be  derived  from  several  diffenrnt 
centres;  and  thus  it  is,  that  the  complication  of  plexuses  comes  to  he  re- 
lated to  the  variety  of  movements  of  the  ports  suyiplied  through  them. — 
It  is  not  a  little  interesting  to  remark,  tliat  arrangements  of  a  similar 
kind  should  present  themselves  among  the  higher  Invertebrata  (Pkinc. 
0¥  CoMP.  Phys.,  §5  C40,  657). 

474.  Tlio  following  Hta tern euts,  in  which  the  doctrines  of  Prof.  Miillerf 
are  wlopteil  with  some  modifications  and  additions,  embody  the  general 
principles  ascertained  by  experiment,  respecting  the  transmission  of  Sen- 
sory and  Motor  impressions  along  the  nerves  which  respectively  minister 
to  them.  Their  rutitmale  will  be  at  once  uudoratood,  from  the  facts 
already  mentioned  in  regard  to  the  isolated  character  of  each  fibril,  and 
the  identity  of  itfl  endowments  through  its  whole  course. 

I.  When  the  whole  trunk  of  a  gengori/  nerve  is  initated,  a  sensation  is 
produced,  which  is  referred  by  the  mind  to  the  parts  to  which  ita  branches 

*   '  (ialBtoninn  Lectures  nd  llir>  Nervnna  SyHWiu,'  in  "Medioal  Tiniea,"  ISIB,  p.  STS. 
+  ■'  BleioeuW  uf  Phjuiulogj,"  tmimittMiil  l)j  Ur.  Bily  ;  pp.  680,  686. 
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are  ultiinnUilj- (listriliutc-il;  imd  if  only  part  of  tlie  trunk  1  ■  ■  iW 

Benaition  will  be  refrrreJ  tii  tbose  parts  only,  wlncli  are  -  .,  ,  ilw 

fibrils  it  contains. — This  is  evidently  eauHoil  by  tbe  productiuu  ul  .1  ^iuxiir 
in  the  ai'iisoriuni,  contspoading  with  that  wbich  would  Imvi;  Ikt"i  l-iiii. 
mitted  from  tbp  peripheral  orgitna  of  the  nei-\'ea,  liaJ  tlit-  inipr. 
made  upon  thcni  (5->L'l>).  Such  a  change  ■>iily  rtiinirea  tlie  inU;:i 
afferent  tnink  between  the  point  imtat«d  and  the  et;naonutii.  nmi 
lit  all  dcpcniltut  upon  thu  sUtte  of  the  periplienil  part  to  wbii'h  iln 
eatiouB  aro  refen'cd;  for  this  may  have  been  [mndysed  by  tht  ■ 
other  lesion  of  the  nervB,  or  may  have  licen  altogether  seporati  ■ ; 
putatiou,  or  the  relative  [lositinn  of  its  parts  may  have  be^in  •  ' 
in  autoplastic  operations.     Ho,  when  different  parta  of  tlie  Ihicl:  1 
same  trunk  are  aeiiarately  and  successively  irritated,  the  sni  • 
suoccsaively   refun-ed  Ifl   tho  several  jMirta  aiippliod  by  tbese  ■ 
Tills  may  be  easily  shown  by  compi-easing  the  idnar  nerve  in 
directions,  where  it  passes  at  the  inner  side  of  the  elbow-joiul.  — Sti 
mind  undoiibtedly  d')ea  |K)saess  a  cei-tain]>owerof  diwrimiimtinir  il 
of  the  nerve-trunk  on  which  the  impression  is  inud« ;  for  ^^  ■ 
impression  is  such  as  to  produce  sensations  that  are  i-eferrt-d  r  ■ 
phei-al  extremities,  pain  in  at  the  same  time  felt  iu  the  spot  : 
it  would  3i>em  as  if  slight  im[>re!i3ii>ns  are  onli/  felt  in  the  latl<  1 
at  least  in  the  normal  condition  of  tlie  trunk  or  fibix^      Tbiw. 
been  well  remarked  by  Volkmann,  "  if  a  needle's  point  In-  di 
sti-aigbt  line  noroas  the  back,  or  the  thigli,  or  any  part  in  winch  I 
nerves  ai-e  widely  placed,  the  mind  jx^roeiven  tbe  line  of  irritati^mui 
Htmjgljt  one  i  whureaa,  if  it  referred  all  iiupn-sfiioiia  to  the  ends  of  Lirili 
fihrea,   thia  mode  of  irritation   should   be   felt   in   sensatiomi  vnOiMtlj 
scattered  about  the  Hoe,  at  the  points  where  the  nerve-fibrea  la-o^eal  ' 
the  needle  terminate.'"* 

n.  The  sensation  produced  by  irritation  of  a  branch  af  tha  nrrr^l 
confined  to  the  parU  to  wliich  that  branch  is  distributcil,  and  dott  : 
affect    the   branches   which   come-off  from   tbe  ni'rve  hif;Li'r   iiji. — 1 
rationale  of  tliis  law  is  at  once  intelligible;  but  it  ElioiiJd   lie,  uinitio 
that  there  are   cei-tain   conditions,  in   which   the   irritation   of  a 
nen"e  will  give  rise  to  sensations  over  a  great  extent  of  the  botlv. 
'  radiation   of  sensations'    seeina   rather   due,   however,   to   a   jmrlienli 
GtAte  of  tbe  central  orgajis,  than  to  any  direct  couununicatioti  auiung  t 
peripheral  fibres, 

III,  The   ini<li>T   iufliieuce  is   pi'opagatiil   only  iu  a  centrifugid 
tion,  never  in  a  reti-ogi-ade  eoui'ae.       It  may  original*  in   a  spoiilanw 
change  ui  the  ccntraJ  organs,  or   it   may  be  excited   by  on   im|ir 
conveyed  to  them  through  afferent  nerves;  but  in  both  cases  its  U« 
the  same. 

IV.  When  the  whole  trunk  of  a  motor  nerve  is  irritatid,  all  the  mn 
which  it  supplies  are  citused  to  contract,     This  contraction  cviilnilJ]P 
results  fi-om  the  Bimilarity  between  tlie  effect  of  an  artitirial  stioia 
applied  to  the  trunk  in  its  coui'se,  and  that  of  the  change  in  the  ceoti 

•  "Kirkea  iiuil  Pngd'a  Hundbiwk  of  Plij-Biology,"  ji.  37S.^Uil.«i  Dul  t-rvi  Tntp 
hdwevcr,  tliat  in  the  case  of  tlie  porojiresjion  or  clbcr  imlaliun  of  n  Turgr  iii;nT<li«ilL,  I 
toeai  pain  mny  be  imxluccd  lliruaj^U  llic  iuAtruQiKaluUlj  uf  nen'i  airvnrum,  tbe  < 

of  wiiiph  IB  warMy  lesa  proljuble  llinu  Uirtt  ..f  iin"  mswiim. 
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oi^iana  by  which  thu  inntor  iufliioiici.'  in  nrdinarily  i-nipngntciL  But 
whea  only  a  paii  of  thi'  trunk  ht  a  bi'auoh  is  iiTilated,  tlio  contraction  is 
usuallj'  confined  to  tlie  musclcM  which  receive  thiiir  uorvous  fibres  fnim 
it;  ill  this  instiinw,  us  in  the  other,  tlicre  is  no  latorul  comuivinication 
between  the  fibrils. — Au  ext-ejitiou  i-xisLs,  liuwevi;r,  in  regiii'U  to  galvanic 
irritatiffri,  wliich  miiy  be  tnmaaiitted  liiterally  when  its  oi-diuary  ooumo  is 
uliucked ;  an  litiit  liecii  shown  by  the  following  ingenious  experiment  of 
M.  ilii  Boia-Keymond.      If  any  moUH- nerve  be  selected  which  (livHric\itcs 


into  two  brauehea  {as,  for  example,  the  sciatic  nerve  of  a  frog,  which 
ilividea  above  tJie  bend  of  the  knee  into  the  tibial  and  peroneal  branches), 
nnil  a  galvanic  atimulu^j  be  applied  to  eitber  of  these  branches,  this 


littving  been  lirst  divided  above  ita  ingertiou  into  the  muscles,  the  electro- 
tonic  state  will  be  developed,  not  merely  in  the  portion  of  the  trunk 
continuous  with  that  branch,  but  also  in  that  which  is  continuous)  with 
the  other  branch,  as  will  bo  made  apparent  by  the  oontruotion  in  the 
muscles  supitliotl  by  the  latter.  That  this  ex[>erinient  may  lie  free  from 
the  posaibie  fidliiuy  resulting  from  the  excitement  of  refles  action,  the 
tmulE  of  the  sciatic  nerve  should  be  divided  high-uj),  or  the  sjiinnl  cord 
be  destroyed. 

47-'i.  Determination  of  thu  Funelumg  of  Nem&. — Various  methods  of 
determining  the  functions  of  particular  nerves  present  themselves  to  the 
rhysiological  inquirer.  One  source  of  evidence  is  drawn  from  tlieii* 
periphryT'd  dielrlhiUian.  For  example,  if  a  nervous  tnmk  is  found  to 
lose  itself  entirely  in  the  substance  of  Ma-^cle^  it  may  he  inferred  to  be 
chiefly,  if  not  entirely,  motor  or  efferent.  In  this  manner,  Willis  long 
ago  detei-mined  that  the  Tliird,  Fourth,  Sixth,  Portio  dura  of  the 
Seventh,  and  Ninth  cranin.1  nerves,  are  almost  entirely  Hnbeevvieut  to 
muscular  movement;  and  the  same  had  been  observed  of  the  fibres  pro- 
ceeding from  the  small  root  of  the  Fifth  pair,  Viefore  Sir  C.  Bell  experi- 
mentally determined  the  double  function  of  that  division  of  the  nerve 
into  which  alone  it  entera.  Again,  where  a  nerve  jiasaes  through  the 
muscles,  with  little  or  no  ramification  aniong  them,  ond  proceeds  to  a 
Cutaneous  or  Mueoiis  surface,  on  which  its  branches  are  minntely  distri- 
buted, there  is  equal  reason  to  believe  that  it  is  of  a  genmrry,  or  rather  of 
an  afferetti,  character.  In  this  manner  Willis  came  to  the  conclusion, 
that  tlie  Fifth  pair  of  cranial  nen'es  differs  from  those  previously  men- 
tioned, in  being  partly  sensory.  Further,  where  a  nerve  is  enlirely  dis- 
tributed ui«n  a  Kuriiice  adapted  to  receive  iinjw'esaiona  of  a  sjienal  kind, 
aa  tlie  Schneidcrlitn  membrane,  tlie  i-etina,  or  the  membrane  lining  the 
iilt«miil  car,  it  may  be  inferiyHl  tliat  it  is  not  cujMble  of  transmitting  any 
other  kind  of  impres^iou-s;  for  exj^riment  has  shown  that  the  n/jcfiW 
tfnuory  nerves  do  not  jxiaseas  common  sensibility.  The  ca^a  is  different, 
however,  in  ivgord  lo  the  sense  of  taste,  which  originates  in  impressions 
not  fiir  removed  from  tliosu.-  of  ordinary  touch;  and  it  is  probable  that 
the  same  nerves  minister  to  both. — Anatomical  evidence  of  this  kind  is 
valuable  also,  not  only  in  reference  to  the  iimetious  of  a  princiiMi!  trunk, 
but  even  as  to  those  of  its  several  branches,  which,  in  some  instances, 
dirter  considerably.  Thus,  some  of  the  branches  of  the  Pueumopiatrie  are 
esjiccially  motor,  and  others  almost  exclusively  atferent;  oiul  anatomiciil 
exam  illation,  carefully  prosecuted,  not  only  assigns  the  M'lisona  for  these 
fimcti"n>»,  when  uw-erhiined.  but  Is  in  itself  nearly  sufficient  to  dct^nnire 
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thi-m.     For  tbe  superior  laryngeal  branch  ia  distribute"!  almT«i  enin*lT 
n^Mtn  the  mucous  siirfti«e  of  the  laryns,  the  ooly  muscle  it  aup|ilii*  Uiii(j 
the  crico-thyroid ;  whilst  the  iuferior  huyngeal  or  recurrent  it  xinuit 
exclusively  distributed  to  the  muscles.     From  this  we  mi^t  infcr,  Ihil 
the  former  is  an  afferent,  and  the  latter  a  motor  nerve ;  and  exprjrinmtal 
inquiries  (aa  we  Imve  Hceo,  §  304)  fully  cunfirra  this  riew.     In  Ufa  I 
manner  it  may  be  shown,  that  the  Glosso-jihnryngijal  is  chiefly  aii  ndVnoll 
nerve,  aincu  it  is  distrihated  to  the  mtrface  of  the  tongue  and  [ilinmx,] 
and  scarcely  nt  all  to  the  muscles  of  thoao  jiarts;  whilst  the  phnryn^l 
branches  of  the  Pneumogiisrtria  are  chiefly,  if  not  eutirvly,  tnotar  {\  t\\ 
Lower  down,  however,  the -branches  of  the  Glosso-pharyngHtl  i 
the  lesoplingeal  branches  of  the  Pneumogastric  are  distribulod  b"th  Uil 
mucous  surface  and  to  the  muscles,  fi-om  which  it   may  be  infcrrwl  ih 
they  are  botJi  afferent  and  motor;  a  deduction  which  experimeut  oaD-l 
firms  (§  82). — Wo  perceive,  therefore,  that  much  knowleJgi-  of  thi"  (u 
tion  of  a  nerve  may  he  obtained,  from  the  attentive  etudy  of  it«  nltiii 
distribution;  but  it  is  necessary  that  this  should  be  very  carefully  i 
toined,  before  it  is  made  ia  serve  as  the  foundaticin  for  phy«iol<] 
inforenoea.     As  an   example  of  foi-mer  errors  in  this  respect,  m»J' 
mentioned  the  description  of  the  Portio  dura  of  the  Seventh,  at  fin 
given  by  8ir  C.  Bell ;  for  he  incorrectly  stated  it  to  be  distribatol 
the  skiu  as  well  as  to  the  muscles  of  the  ihce,  and  erroneously  i 
it  as  in  part  an  afferent  nerve,  Bubservicnt  to  respiralory  iiiijn 
as  well  Bs  to  motions.     In  the  same  manner,  from  inaucurutt?  nl^ 
tion   of  the  ultimate  distribution  of  the  Superior  L&ryngeaJ  nerni 
\raa  long  regai'ded  as  that  whicli  stimulated  to  action,  the  cooatrlvion 
the  glottis. 

476.  But  the  knowledge  obtruned  by  auob  anatomical  exajuii 
alone  ia  of  a  very  general  kind ;  and  reqnii-es  to  be  maile  particular,- 
be  corrected   and   modified, — by  other  sources  of  information.     (>0«< 
these  relates  to  the  foii»e.ci<wi  of  the  trunks  iclt/i  the  cetUral  organj. 
evidence  derived  from  this  source,  however,  is  seldom  of  a  verj-  defin 
character;  and,  in  fact.  Physiologists  liave  rather  been  oocusi'iniod 
judge  of  the  functious  of  |>ai-ticuliir  divisions  of  the  nervous  ciiCrra  bri 
those  of  the  nerves  with  which  they  are  connected,  than  to  drsw 
from  the  former  in  the  determination  of  the  latter.     Still,  thi*  load  i 
examination  is  not  without  its  nse,  when  there  is  reason  to  believe 
a  particular  tract  of  fibrous  structure  haa  a  certain  fuuction.  and  *)> 
the  office  of  a  nerve  whose  roots  terminate  in  it  is  doubtful.  Hi-re,  i 
however,  very  minute  and  accurate  examination  is  necesaaiy,  before  : 
sound  physiologictd  inferences  can  be  drawn  from  facts  of  this  dteciip 
tion ;  and  many  instances  might  be  adduced  to  show,  that  the  rtiol  i 
neiiona  of  nerves  and  nervous  centres  are  often  very  different  from  1 
apparent  ones. 

477,  Moat  important  information  as  to  the  timctionB  of 
nerves  may  be  drawn  from  e^jwrliiieiilal  inipiiriet ;  but  thc«<'  atw  i 
liable  to  give  fallacious  results,  unless  they  are  prosecuted  with  i  fol 
knowledge  of  all  the  pivcautioiis  necessary  to  insure  success.  Soiv  i 
these  will  be  here  explained, — In  the  first  place,  the  endowmente  of  I 
traitk  and  of  the  rooU  of  a  iiorve  may  diflVr ;  owing  to  the  admixliuv.  ia 
the  former,  of  Gbres  derived  by  inosculation  from  another  nervi'  ({ 173^ 


DKTEHMTNATIOR   OF  THE  FTTHCTnOlTS  OF  ITIBVISB. 


Hence,  in  ordec  to  jittain  sitisiuctory  reaulta,  a  comparative  set  of  ei- 
iwriments  ahoulii  alwuys  be  made  upon  eaeh. — ^A  DCTve-trimk  may  be 
too  bastily  consiJcrod  as  inotor,  on  aocount  of  the  excitation  of  muscular 
movements  by  irritation  of  its  trunk,  whilst  still  in  counectiou  with  its 
centre;  for  such  movements  may  be  called-forth,  not  only  by  the  direct 
influence  of  tlie  nerve  npon  the  muHcIes,  but  also  by  reflex  stiniuliition, 
auting  through  the  ganglionic  centre  upon  aome  other  nerve.  Tlie  real 
mvturo  of  such  movements  can  only  be  determined  Ity  dividing  the  trunk, 
and  then  irritating  each  of  the  cut  extremitie«<.  Tf,  upon  irritating  the 
end  mparated  from  the  centre,  muscular  contractiona  are  produced,  it 
may  bo  safely  inferred  that  the  nerve  is,  in  (lart  at  least,  of  an  efferent 
character.  Should  no  such  reault  follow,  tliia  would  be  improbiible.  If, 
on  the  other  hand,  muscular  movement  should  be  produced  by  irritating 
the  extremity  in  coHnexwn  )mlh  tlio  centre,  it  will  then  be  evident,  that 
it  is  occasioned  by  an  impression  conveyed  towin-ds  the  c-entre  by  this 
trunk,  and  propagated  to  the  muscles  by  some  other;  in  other  words,  to 
use  the  language  of  Dr.  M.  Hall,  this  nerve  io  an  '  exciter'  of  motion, 
not  a  direct  motor  nerve.  The  tflosao- pharyngeal  has  been  Kitisfaotorily 
determined,  by  exjierinienta  of  this  kind,  performed  by  Dr.  J.  Reid  (§  81), 
to  bo  chiefly,  if  not  entirely,  an  afferent  nerve. — It  has  been  from  the 
want  of  a  projier  mode  of  experimenting,  tlmt  the  ftinctiona  of  the  pvt- 
torww  roots  of  the  Spinal  ner\es  have  been  roganlod  aa  in  any  degree 
inotor.  If  they  be  irritated,  without  division  of  cither  root,  motions  are 
often  excited  ;  but  if  they  be  divided,  and  their  aeparated  trunks  be  then 
Lrritaled,  no  motions  ensue;  nor  are  any  movementa  pi'oduced  by  irrita- 
tion of  the  roots  in  connexion  with  the  spinal  coi-d,  if  the  anteriiiT  rooU 
have  been  divided.  Hence  it  appears  that  these  fibres  do  not  possess  any 
direct  motor  [lowera,  bnt  that  they  convey  impressions  to  the  centre, 
wliich  are  reflected  to  the  miisclea  through  the  anterior  roots. — The  same 
difficulties  do  not  attend  the  determination  of  the  aimgirry  endowments  of 
nerves.  If,  when  the  trunk  of  a  nerve  is  pricked  or  pinched,  the  animal 
exliibit  signs  of  pain,  it  may  be  concluded  that  the  nei-ve  is  cajmblc  of 
receiving  and  transmiltbig  sensory  iiapresisionB  from  its  peripheral  ex- 
tremity. But  it  hap|)en9  not  unfrequently,  that  this  capability  is  derived 
by  inosculation  with  another  nerve ;  as  is  the  ca-io  with  the  Facial,  which 
is  sensory  after  it  has  patned  tlirough  the  parotid  gland,  having  received 
tlnTc  a  twig  from  the  Fifth  pair.'  A  similar  ino-sciilation  explains  the 
apparent  sensibility  of  the  anterior  roots  of  the  Spinal  nerves.  If  these 
be  irritated,  the  animal  usually  gives  signs  of  uneasiness;  but  if  they  be 
divided,  and  the  cut  ends  nearest  the  centre  be  irritated,  none  such  are 
axhibited ;  whilst  they  are  still  shown  when  the  farther  ends  are  irritated, 
bnt  not  if  the  posterior  roots  are  divided.  This  seems  to  indicate  that, 
from  tho point  of  junction  of  the  two  roots,  sensoiy  fibres  derived  from|/-f^^<A«  6i 
the  posterior  roots  pass  ba<>k wards  (or  towards  the  centre)  in  the  anterior; 
and  that  the  apparent  sensory  endowments  of  the  latter  are  entirely 
dependent  upon  their  connexion  with  the  poEterior  column  of  the  spinal 
OM<d,  through  the  [losterior  roots. 

478.  The  tiillaciea  to  which  all  experiments  upon  the  nerves  are  sulv 
ject,  arising  from  the  partial  loss  of  their  ftower  of  receiving  and  convey- 
ing impressions,  and  of  exciting  the  mu^les  to  action,  after  death,  are  too 
obvioua  to  require  mora  partictdar  mention  here ;  yet  they  are  freq^uently 
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overlooked.     Uf  u  similar  iliidcriptioM  arc  those  Arising  fnim  Knnilb-| 
liirliauce  of  the  system,  iu  cuuseiiueace  of  ojicmtioiis;  wliiirti  -'-■  '■"■-' 
but  been  enough  regarded  by  ei|icrinicntera. — As  a  geoeml  n  i 
results  are  of  less  value  than  jHtsiilve ;  but  very  careful  tliscnimiuiuiiii  i 
oflou  reqiiirud  to  determine  wbat  art  negative,  and  what  |Kwitivt- 1 
Huch  [mi-tiuulor  eiisc  has  its  own  scnrces  of  &llacy,  wliioli  rvaiiutT  la  I 
logically  act-utiuinsd ;  and  the  only  satiafaotory  proof  is  dorivml  (run  ih 
coucuritncfi  of  every  kind  of  evidence,  which  the  nattire  of  llir  iniju 
admita-of.     Thus  in  the  deterniinatioa  of  the  functions  of  b   jirlirsili 
nerve-tmnk,  it  Bliould  be  shown  that  a  certain  effect  is  can- 
duced  liy  ita  txcitatjou  (under  the  conditions  laid-down  in  tlu 
{KLmgraph),  and  thnt  a  coiTes|>oudJng  intvmiption  in  the  action  lu  sli 
it  is  hence  inferred  to  be  subservient,  takes  place  when  ita  coiilMiiiin  ! 
been  iutemipted :   by  tliis  dmible  proof,  the  Gloaw-plitiryii^i 
I'neumugaatric  ai-e  shown  to  be  the  principal,  liut  not   the  a-ii'  . 
of  tbe  niovementa  of  Deglutition  and  Inspiration  ifsj-ertii'idy.     liull 
evidence  afforded  solely  by  the  interruption  of  a  particultir  functina,  i 
the  division  of  a  certain  ut;rve,or  the  destruction  or  removal  uf  ancr 
centre,  is  by  no  means  eo  satis&ctoiy;  for  tliis  may  be  iKxvuiounl 
by  the  general  eU'eotD  of  the  operation,  than  l>y  tlie  simple  leaun  af  I 
nervous  apliariitus.      In  order  to  get  rid,  &o  br  as  possible,  (rf  Uus  i 
of  fallacy  (which  particularly  afl'ects  experiments  upon  the 
centres,  and  upon  the  inllueneu  of  the  nerves  upon  the  vi-. 
dcsii-able  to  perform  eonijianitlve  experiments,  in  which  the  geiv 
sliall   be   as  nearly  as  podsible  the  some,  and  tbe  only  difler«ui:<j  alwil  I 
in  the  lesion  of  the  nervous  sjrstem;  and  to  subtract  from  the  rntiB 
result  all  that  can  be  thus  shown  to  be  attributable  to  the  gi-nend  i 
turlmncd  (iroduccd  by  the  ojieration.      But  even  then,  it  may  liappt-n  ( 
the  function   is  only  susjiended  for  a  time,  by  the  shock  which  ' 
induced   by  the   injury  to  the  nerve;   and  if  it  should  be  sul)8e([M 
renewed,  without  any  reunion  of  the  trunk,  we  have  the  most  ouurinc 
proof  that,  whatever  degree  of  [lailicipation  the  nerve  may  have  in  i^ 
the  action  is  not  essentially  dependent  upon  the  integrity  of  that  pop 
of  the  nervoua  apjiaratus.    Such  we  have  seeu  to  bo  the  case,  in  rcgM^I 
the  relation  of  the  Pneumogaatric  nerves  to  the  secretion  of  gastru  f  ' 
in  the  walls  of  tbe  stomach  (§§  101-103). 

479.  All  our  |>ositive  knowledge  of  the  functdons  of  the  Nerrotu  E 
ill  general,  save  that  wliioh  results  frnni  onr  own  consciousncM  of ' 
pajiaes  witlu'u  ourselves,  and  that  which  we  obtain  fiom  watt^faiDg  i 
manifostations  of  disease  in  Man,  va  derived  from  observation  of  lh«  {^ 
nomona  exhibited  by  animals  made  the  subjects  of  experiments ;  ana  i 
the  interjiretation  of  these,  groat  caution  miiat  be  exercised. — In  thef 
place  it  must  be  consttintly  bcimo  tu  mind,  that,  except  through  tJie  mi 
•mciita  consequent  H]ion  them,  we  have  no  means  of  ascertaining.  »hrdrf| 
or  not  particular  changes  in  the  Nervous  System,  whose  clioi'SiCiimiMj 
endeavouring  to  determine,  are  attended  with  Sensiition ;  aincu  wb  i 
no  power  of  judging  whether  or  not  this  has  l>een  excited,  save  by  I 
cries  and  struggles  of  the  animal  made  the  subject  of  exiieriwcnt     X"* 
although  .such  cries  and  struggles  are  ordinarily  considered  as  indiotiuu  . 
of  pain,  yet  it  is  not  right  so  to  regard  them  in  every  instiuice ;  unl  tii*  | 
only  unequivocal  evidence  is  derived  from  observation  of  tho  corruqiuDd* 
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J  ]:diGiioui.>na  iu  the  Human  siilijcct ;  since  we  rain  there  asijertain,  liy 
llio  direct  testimony  of  the  iuclividuiil  iitivctt'ti,  whnt  imprussions  pi'O'iuce 
Beosiitioii,  a.n<l  whut  excit«  niovemonts  iudepentiently  of  HenBHtioii 
(§5  5Cj6-5l)9).  Further,  we  are  not  juatifictl  iii  aasutiiing  that  Con- 
sciousness is  excited  by  an  irritation,  still  less  that  Intelligence  and  Will 
nre  calleil  into  exercise  by  it,  merely  l.iecaviae  movements,  evidently  lend< 
ing  to  get  rid  of  its  source,  a^a  ]>erformed  in  respondeuce  to  it.  Wc 
know  that  the  eontmctions  of  the  heart  and  alimentary  tube  are  ordin;u-ily 
escitwl  by  a  stimulus,  without  any  Bciisatiou  iMiing  involved;  and  these 
Riovcuients,  like  nil  that  are  concerned  iu  the  inaintennnce  of  the  Organic 
functions,  have  jin  obvious  design,  when  considered  either  in  their  imino- 
dinte  etFecta,  or  in  Iheii'  more  remote  consequences.  The  elinracter  of 
iitUiplivenenii,  then,  id  Muscular  movements  excited  by  extei'ual  stimuli, 
is  no  pnxif  tluit  they  are  perfomied  in  obedience  to  sensation ;  much  less 
that  they  have  a  voluntary  character.  In  no  case  is  this  adaptiveueas 
mure  remarkable,  tliiin  in  some  of  those  actions,  which  are  not  only  per- 
formed without  any  effort  of  the  will,  but  which  the  will  ciinnot  imitate. 
This  ia  the  case,  for  exnmide,  with  the  act  of  Deglutition  (§§  SI,  82),  the 
muscles  concerned  in  which  cannot  he  thrown  into  contraction  by  a 
voluntary  imjmlse,  being  stimulated  only  hy  iinpressious  conveyed  from 
tlie  mucous  aui'&ce  of  the  fauces  to  the  Medulla  Oblongata,  and  thence 
reflected  along  the  motor  nervea.  No  one  can  swallow,  without  pi^o 
diiciug  an  impression  of  some  kind  upon  this  surface,  to  which  the 
mnsctdaj'  movements  will  immediately  respond.  Now  it  is  impoa«iblo 
to  conceive  aoy  movements  more  perfectly  adapted  to  a  given  puipoae, 
than  are  those  of  the  parts  iu  question :  anil  yet  they  are  indejiendent,  not 
only  of  volition  b\it  of  sensation,  being  still  performed  in  cases,  in  wliich 
conicioiwneaa  is  complet<4y  suapeiided,  or  entirely  alwent  The  act  of 
Sucking  iu  tlie  infant,  attain,  ia  one  in  which  a  number  of  musclea  are 
colled  into  combined  contraction,  in  ii  nianner  wliicb  .ihows  a  couipleto 
adaptatioD  to  a  given  purpose ;  and  yet  it  is  iuijxissihlu  to  supjiose  this 
adaptation  to  be  /nir/ioi'it'e  on  the  part  of  the  infant  itself;  more  espe- 
cially as  it  is  shown,  both  by  the  occurrence  of  monatrositiea,  and  by 
esperimentB  made  with  tliia  object  (§  77),  that  no  part  of  the  Cranio- 
spinal axis  above  the  Medulla  Oblongata  is  neccaaary  t«  it.  And  in  the 
»ct6  of  Coughing  and  Sneezing  (§  30  ti),  wc  have  ailditional  examples  of  the 
most  ailajiUve  movements,  executed  by  a  marvellous  combination  of  sepa- 
mte  muscular  actions,  with  tlie  obvious  purpose  of  removing  sources  of 
irritation  from  the  uir-possages ;  and  yet  we  know  hy  personal  experience, 
that  tliia  combination  ia  not  made  with  any  design  of  our  own. 


3.  0/l/ie  Spinal  Cord  and  Medulla  Of/lwi')ala  ;^-i/mr  Structure  and 

Acliofis. 

4S0.  In  our  more  detaile<l  consideration  of  the  functions  of  the  seventl 
divisions  of  the  Nervous  Syatem.  it  is  desirable,  for  several  i-easons,  to 
uouiiiience  with  the  Cranio-Spinal  A^'n:  wliich,  as  already  jwintcd-out 
(6  •Iti-l),  may  be  considei-e<I  aa  constituting  the  fundamental  portion  of 
this  ajipanitiLi.  The  entire  Axis  ia  divided  inio  its  Cranial  and  its  Spinal 
portions,  till--  paaaage  of  the  CoM  through  the  '  foi'aiocn  magnum '  of  tho 
occipital  bone  being  considered  to  mark  the  boundary  between  them;  and 
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liitliougli  the  sfi»tration  tif  the  MedulLv  Spinalis  from  the  5Ie.!iilliUI'lii[(- 
gtitu,  wliicli  is  tL«9  established,  is  in  it«ell'  purely  artilicial,  jot  it  iiU )« 
found  tij  correapoud  fompletely  with  the  nutural  diviaioti  fomulnl  un 
thoir  respective  pkysiological  attributes. 

481,  The  Spinal  Cord*  which  extemia  fi'om  tlie  margin  of  tin?  funniaii 
niaguum  bo  the  liret  or  second  lum liar  vertebra,  and  which  ispmluo^'ola 
the  JUum   fer/niitiUei  to  the  extremity  of  the  sacral  cuiaI,  is  oliuoA  con- 1 
pi etely  divided  \iy  tha  ajtterior  aad  posterior  lacdian/ismirt/g  (Fig.ljl,i,f), 

Fio.  ai. 


TrwHTHH  leolim  otSMman  ^nnal  Oml,  thrmi^  llv  loiddlp  at  Ihii  Tumf^r  mUri|VtiMit» 
■huwingDn  tbrri^bt  lluU  tbeoomitf  of  the  m'fv^riJi.I'.  4h(l  irD  liia  Lrfl  UtFp4>,iLlmh?rL£*1«fi^ 
tHH]tniulBi>TT«nou!hr  nutter: — x,  i,  ADli-riDr  columiia ;  v.  r.  pnalcri'ir  i>i^iuikni:  r..  L,  ]4bc«l 
I'tilluiitifli  II,  mtit«rii)r  mpdiui  llnu»;  p,  posterior  id^ibii  U»DreL  b,b.  J',  h.  mayrtioTtv-Mok 
ipinol  nenpftj  c,  c.^toileHur  rooti:  i/,  if,  Inu-'taitrTniculnrmtlt^riu  &iitfiii>r*:iilunii»i  r.lm4l 
gf  VEidicLiWltlAtUrlnpoMflrkir  AAdnm^^  flpiOA^  otfliuw;  g,  iul>a1iuLtj«  tft^lAliooflA- 

into  two  lateral  aiid  symmetricid  hslves.     The  'anterior  median  fisntnl 
(a)  is  more  distinct  thiui  the  posteiior,  being  wider  at  the  siirfiu* ; 
it  (inly  penetrates  to  about  one-third  of  the  thickness  of  the  Cord.  i8 
depth   iuereaBing,   however,  towai'ds  its   lower  part.      The  sides  uf  \M\ 
'jwraterior  median   tisauro'  (/»),  ou  the  other  hiind,  are  in  closer  njipniu- 
ination;  but  the  division  commoiJy  extends  to  about  half  the  tliicknp 
of  the  cord,  being  deeper  towarda  its  upper  tltOD  towards  its  lowev  i 

•  The  sketch  kivbq  in  the  leit  of  the  Aitatomj  of  theSpinal  Corf,  u  ehiefly  <l«ind  ( 
thenUlcniL'Dtiiuf  Fnil,  Kiillikerin  hiH  "  Mikruskupiacht  Anitomie"  (Bimd  ii.  Hll-N  I'^l 
and  of  Mr.  J.  L.  CJarkt:  iu  the  " PhiloMiphii-al  TruisocUotu,"  Ibfil  and  ISiS;  ' 
whldi  Uifro  u  a  geiienil  monhiucc, 

t  Thu  structure  of  the-  '  fijuui  terniinitle'  b  in  every  rasped  G«sentiiJlj  the  ajiitMl 
dl  tha  piviper  Sjjirml  CuhI,  wivu  tJint  no  nBrve-roots  arc  connivted  with  it. 
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The  two  hslves,  therefore,  nre  only  united  byn  commisauml  band,  which 
occupies  the  centi-al  part  of  the  cord;  and  this  ia  traversed  hy  the 
'Spinal  caniil'  {/),  which  is  oonlinucd  downwards  from  the  fourth 
ventiicle.*  At  a  little  diatauco  from  (tither  aide  of  the  pNjaterior  median 
fiasure,  and  correspondiug  with  the  line  of  attachment  of  the  posterior 
roots  of  the  nerves,  13  i\irs  posUrurr  lateral  furrovj  ;  a  shallow  longitudinal 
depresaion,  which  marks^ut  the  '  posterior  columns  '  of  the  Cord  (p,  p) 
as  distinut  from  the  '  antero-hiteral  columns.'  A  cotresponding  furrow 
has  been  Bometimea  described  as  traversing  the  Cord  in  the  lino  of  the 
anterior  roots  of  the  nerves  on  either  aido ;  but  this  can  scarcely  be  said 
to  have  a  real  ^xisteuce;  and  the  separation  of  the  '  outero-latcral 
columns '  into  the  '  anterior '  and  the  '  lateral '  columns  (a  a  and  L  l)  is 
only  markeil  externally  by  the  attachment  of  the  nervc-roota.  It  is  made 
more  obvious   internally,  however,  by  the  peculiar  distribution  of  the 

gmg  moiUer;  which,  though  by  no  means  uniform  throughout  the  Cord, 
nadally  presents  (iu  a  transverse  section)  the  form  of  two  somewhat 
creaeent-shaiMtd  masses,  whose  convexities  are  tume<l  towards  each  other, 
and  are  connected  by  the  grey  commissure,  whilst  their  comua  are 
directed  towards  tiie  surface  of  the  cord;  the  jwsterior  peak  on  each  side 
nearly  reaches  the  posterior  lateral  furrow,  whilst  the  anterior,  though 
the  larger  cornu,  does  not  approach  quite  so  near  the  surface.  Tho  grey 
matter  is  enveloped   by  the  wldte  gubuCartce  of  the  columns,  wluch  are 

entirely  composed  of  nerve-tubes,  whose  general  direction  is  longitudinal. 

— The    Spinal    Cord    of 

Man  is  by  no  means  of  P'o-  82. 

uniform    dtmeosious    in 

every  part  of  its  length ; 

oud       the       proportions 

which  the  grey  and  white 

substauctis  liear  to  one 

another  in  didereu  t,  parts, 

are     extremely    diverse 

(Fig.  81^.  Two  princiiMd 

enlargements  are  seen  in 

the  cervical  and  himbaf 

regions,  at  the  origins  of 

the  large  nerves  forming 

the  tracheal  and  crural      _  ,        ,  ,,        „.,■,.  ,-,^     ,     -^ 

plexiLies;  and  thi^sc  eu-   ■■h.i«ind  !]..■  iJtiijn.rin.Qu]  iiujiamv  unj  lll^«litl■l"■■'|'■■^l:^^7»^>d 

Inrgementa    are    chiefly   ,„,. , , :  ii.  „|.,..;,iI.'mi,  .i.^t,  1.  ..pp„-,u.,->ii.  .i„^£i; 

due  lo  an  increase  of  the   6,  ,];....i'i  .  '1  iiTin«f.  e,  (i]>(n™ii<- -ah  (■enu'ni,  r.  oppiwis  3rd 
1  I  .  1     .      ^^'L'^  II  ILL , -<  -j'l'Ejuu  of  iuwIuUb  uI>Iiiii^La  lfanjuc:h  c0Dtrt*  oruoruD* 

ifreff  substance,  winch  is   oli.uc.  -t.  .  r 

comjiaralively    delicient 

in  the  intervals.     On  the  other  hand,  there  is  a  regularly-progressive 

increase  in  the  white  su'etance,  aa  we  proceed  fi-om  the  lower  to  the 


p  m 


r 


>^ 


*  The  amii  on  oulj  be  liiatiiigniBlml  ia  Mui  (bang  no  more  than  l-lOOth  of  an  [ocb 
in  Jinm^^r).  by  ^iibmittin^  thiu  tnkzi&tcrBe  wt^tlimp  of  tbeCnrd  to  inicroniwpic«xaniriiatiQn; 
wlicu'^e  it  liappKiiB  lliflt  its  eiialaum  in  the  adult  baa  Wn  ilunioJ  by  Kulliker  and  inanj 
ciiiiariit  tttmtoiniaM.  Ila  |)ri*»;iice  is  math  more  obvious,  however,  in  PiphM;  in  whoee 
■pinii]  cord  Ihe  coninuHiiarn]  Ciinnectiuu  between  the  two  lateral  bolviai  ia  far  Jcoh  iliHtiDot 
than  in  bigfaer  VertahratL 


is^ 
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Ui^ur  portion  of  the  pord  ;*  and  this  fact  of  itaelf  eerrps  l<>  iiidieilc  llif 
probabUitj,  tliat  the  lon^tudinnl  columus  serve  (as  rormcrly  nij^W) 
to  estalilisli  A  direct  paiinection  between  the  Encephalic  centfui  lultlii 
roots  of  the  Bpiiial  neiTes, 

4^2.  The  gre^/  ■iiuitUr  or  t'eticulnr  mhstance  of  tie  Spinal  Oonl  vlntk 
is  best  seeu  in  tnuiflverae  section  (Fig.  81),  in  by  no  means  imifonn  Id  &i 
testure  Lhroughout.     ItB  anterior  cornua,  which  are  tliickf-r  anil  ihanr 
than  thu  posterior,  are  of  a  imiform  grey  cc-lonr;  and   thi-y  coiiMlrf 
large  well-develojied  nervi^colls  {d),  whicb  usually  present  many 
proceasfS   that   seem  to    inosculate  together,   with  dclicati-  nrrti 
of  medium  lincnesa  passing  in  Tarious  directiouB  between  thmi. 
central  portion,  which  con  (a  ins  the  oiual,  and  which  also  fi.>rtn»  iho 
Hiissuro,  has  a  similar  composition;  lint  the  cells  are  smaller,  tli'in, 
Imriiig    I'lug   lii-anrhing  radintiooB;  and  the  fibivs  are  .■xlM-Rirly 
their  tulndarity  being  nften  indistinguislinlile.     The  antt-rior  jn 
the  fommissui'e,  liowever,  is  purely  fibroiLs,  and  is  di^tiagiiii^hi'il  I'j' 
us  the  '  white  coniinisaure;'  it  doeanot,  however,  form  an  itimitiliaUi 
nection  Ijetwueii  the  two  anterior  columns,  but  brink's  each  of  tliL-ni, 
will   1k)  preseutly  seen,  into  relation   with   the  vesicular  matter  irf  li 
anttrior  comu  of  the  opjiosite  side.     The  postt-rior  conum,  luiigcr 
narrower  than  the  anterior,  contain  a  traet  of  vcBieTdarmattorlcjiiD 
aide,  the  cells  of  which  resemble  those  of  the  central  portjon ;  tliin 
is  invested  by  a  more  transparent  layer,  which  haa  been  distinguiiihail 
the  Kiibilitiilia  i/elaluiotia;  but  the  composition  of  the  httter  oalr  di 
from  that  of  the  former  in  the  smaller  size  of  the  nerve-cells,  l^ith  hv 
a  largo  admixture  of  fine  fibres.     In  no  case  has  a  direct  oontinuitr 
diatingnished  between  the  uer%'e-fibreB  and  the  vesicles  or  their  pro! 
tions;  though  thei-e  are  circumstances  which  seem  to  render  such  » 
neotion  probable. 

483.  The  connection  of  the  Nerve-roots  of  the  Spinal  Nerves  with 
several  components  of  the  Cord,  and  the  course  of  the  fibres*  after  ent 
iag  it,  can  only  be  madc-out  by  means  of  eectMui ;  since  all  atituipw 
follow  the  coui'se  of  individual  fibres,  or  even  that  of  fasciculi,  by  oi 
dissoctioiL,  have  as  yet  proved  quite  futile.t     The  following  is  an  oo 
of  the  information  which  may  thus  be  gained,  from  a  com[iurisoti  of 
verse  and  longitudinal  sections  (Figs.   81   and  S3). — The  bundles  thrt 
form  the  Posterior  ixiots  (Fig.  81, c,c,  Fig.83,p,  p,p),  consist  of  three  lawk 
which  differ  from  each  other  partly  in  direction,  and  portly  in  the  mtc 


*  Sn  Ecilllker  "  MIlcroakopiBuhe  Anatomie,"  bond  ii.  £  HR,  \bA  "Maiiuii  of  Di 
Histotiigj"  l^yilcDLaiii  Swioty),  rul.  i,  p.  420. ^The  Btatemunu  in  the  lext  ur  [n 
cnnlT^cticin  l-t  the  mwortiona  of  VolkoiatLD  (Art.  *  KerveuiihyHinlugie^  la  "Vmsv^M 
Haaidwurterbudi, "  liind  ii.  pp.  182,  ot  s«j.) ;  wljo  nffirma  thai  the  gnf  u<)  •hilr  bV 
BUmcen  everjwhure  Wr  the  B&ine  proportioa  ooe  to  the  otliur,  and  that  thvir  i>  >l«4i)clr 
IsHB  white  msttLT  fatg!i-u|>  LD  the  neck,  than  there  is  lnwcr-duurn  in  the  ixinl.  lint  lun  mcann- 
EueDts  wtire  made  apoD  the  J^pioitJ  Curd  uf  tJ^fi  Horse ;  Had  it  seeniH  Dut  iuiprotabtc,  frna 
the  coosiderafJuuEf  14^  be  bbrtiAr'ter  Hinted  (^ -IHT),  that  Uiere  hjjij  he  ko  vmenlMl  difcftiff 
between  Man  nod  the  luvur  Aaiui.^la,  iia  t'l  the  pro/ioriiiyn  wbiuh  the  iHit-filmi 
ing  in  the  Spinid  Card  itaelf  heai  to  those  which  pasa  between  the  roeta  of  the 
the  Encepbalon. 

t  Air.  J.  b.  Clarke  has  aan^eeded,  bj  the  aduptioi)  of  a  pecnliar  melboil  of  pnpuMia 
(for  wliich  see  "  Phil.  Trans.,"  1861,  p.  flOTi,  in  making  t«r[ii>us  uf  enusiilnnilili'  diwB- 
siani,  suffidenllf  tranaporent  to  allow  the  course  of  the  tibruB,  audtheruukiuriiTlheiinn- 
cetla  and  their  pmlungadonn,  to  be  diatinnlj  made-unt. 
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tlicii-  c<iiiii»ii(;Ht  filanieiitfl.  Thcjimt 
be  limitoil  to  the  u]iiht  part  of  the 
Cord)  enter  the  posterior  coliiimia 
horizcinlally  ;  and  then,  taking  a 
longitudinal  direction  iAjim  the  Cord, 
Bend  fibres  into  the  anterior  grey 
Biibtftaneo  (o),  of  wliich  some  bend 
upwards,  and  others  "downwarda  ; 
piirt  apparently  becoming  ixmtiunous 
with  tihrea  of  the  anterior  roots ; 
whilst  another  |iarl  lose  tiiemaelvea 
umoug  tlio  lihi-ea  of  the  ant^'rior 
columns,  in  wliicli  they  may  either 
proceed  continuoiiBly  to  the  liea<l,  or 
uiay  pflss-aloug  for  a  liiaited  dis- 
tance only,  to  emerge  in  the  nerve- 
roots  of  some  other  segment.  The 
aeeond  kind  of  bundles,  6,  6,  h,  also 
traverse  the  posterior  columns  hori- 
KontSiUyandobliquelyiun'&rds;  their 
fiirther  course  may  be  beat  traced  in 
n  tnmsverBo  seftion  (Fig.  81).  These 
fasciculi,  which  are  comjKJsed  of  re- 
markably line  and  delicate  fibres, 
interlace  BO  as  to  form  with  euch 
other  an  intricate  plexus;  and  Irom 
this,  straight  and  distinct  bundles 
«iut«r  the  ]>osterior  coi-nua  along  their 
whole  bi-cadth,  cvosaing  the,  'suli- 
atantiagelalinotta'  both  obliquely  and 
at  right  angles.  Having  thus  en- 
tered the  veedcular  substauce  of  the 
Cord,  Momo  of  tlie  fibres,  after  tra- 
vemug  it,  emerge  from  it  agttiii, 
into  dither  the  posterior  colunuiH,  or 
tho  poHterior  portion  of  the  lateral 
columns;  otJiers  pass  towards  the 
tmnsverso  commissure,  through 
which  they  seem  to  make  their  way 
to  the  fnstcrior  and  lateiid  columns 
of  the  opposite  aide;  and  others,  again, 
form  a  fine  network,  whicli  extends 
towards  the  anterior  coruno.  Of  the 
fibres  of  a  third  set  (Fig.  S3,  c,  e,  c), 
a  part  seem  to  become  directly  conti- 
nuous with  tho  fibres  of  the  posterior 
colvimns;  the  larger  projiortion  of 
th(^m.  however,  cross  these  columns 
obliquely  upwards,  and  enter  the 
grey  substance  at  difiereut  points; 
after  paaaing  into  which,  tlieycan  no 


kind.  Fig.  63,  a,  a,  a,  (whicli  soem  to 
Fifl.  83- 


LoHgUf^^Moi  Sgftiim,  tbruii^h  Ci'iricnl  c-nl&r|>p. 
iara\  -,*{ Sp'Hul  Cord  of  Cat: — xi-.,  jutii-n'>r  while 

or  iKit  liiTi^luibnal  fiEkrea;  n,  [inEem-r  while 
Ojiunuu^  G,  gti^  itjiltlaiicv  ln-lwi^eii  (hi>iri  (thfi 
<tNiii:]ti»fmkiII^.  ft>  niouS  iiEiirLiriiiK  i|>i-  rnunw  iif 
rbrlltjrirA);  4.  HniiriEirrurrliiurthuiicrvn;  p,  riov- 
14'nipr  roi>lA.  tonaulmp  of  UkftH-  kifidt,  (hi*  Qnl, 
a.  onAflirijf  l|u"  p(.»ltri"r  V^^Iumnt  hunnonlMlly, 
and  tlieu  }iu(ung  uhlii^neJy  ^Uih  ovrjitdH.  acmad 
tht  |>HJ  Hubfltuicv,  iitlit  Ihr  HDlrrinr  I'l^lnniv; 
thr  BHKHidf  b,  lTa*err>inf;  tbo  |H4tpriirr  cuhimni 
hikrJKi.rDTAjtT,  nnd  iIipd  dialriljutin^  thriPikeliFi 
iLrnn^E]  ib^  t^rey  siilrBiDiit't* ;  Thv  third,  o,  ttir  tbs 
njiii  uari  linNiniiH^  c(»DliDunuA  wiEb  tbt  loDgllu- 
diTiAlflhroBirjrih^yaatohorcolEmiD. 

longer  be  clearly  followed,  although 
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some  of  them  appear  to  form  loops  sod  then  retnrn  tothewliite  ■ 
— The  fasciculi  of  tihres  whioh  constitute  the   anterior  rtmt*  ['. 
fc,  6. 6,  Fig.  83,  A,  a),  on  the  other  hand,  trEvetse  tbe  author  ctjIu 
the   Cord   nearly  horizontally,   and  in  straight  and  distinol  bun 
which  do  not  iutertaoe  witL  each  other,  until  they  reach  the  anlaiar 
eomii   of  the  gr^  Bubstanoe;   on   entering  this,  they  lireiil{-D}i  ittU 
smaller  bundles  and  separate  fibres,  which  diverge  in  various  dim-ticoi; 
some  poss-ont  again  into  the  anterior,  and  othera  into  tfie  latMiU  <alaiM* 
of  thu  same  side;  others,  again,  puas  t->ward8  the  anteiinr  jmrt  of  lb) 
commissure,  in  which  they  cross-over  to  the  op|ioBit*  side,  entwing  id 
anterior  and  lateral  columns;   a  conaidenible  niunber  plunge  into  tbi 
central  substance  of  the  grey  comu,  ajid  of  these  some  bccomo  loo^U- 1 
dinuJ,  jHLSsing  equally  upwards  and  downwards,  whilst  otken  wen  M  ' 
traverse  it  horizonttilly,  so  as  to  come  into  relation  (not  imprabaUj  iatt  | 
actual  continuity)  with  the  posterior  roots. 

484-  Thus  we  ace  that  there  are  two  very  distinct  couisee  panued  )if 
the  Root-fibres  of  the  Spinal  Nerves,  in  the  substance  of  the  Conl; 
first  fraiitverge,    the  second  lonffitiidittal.     The  fibres  belonging  to  ibl 
former  categoiy  traverse  the  Cord  horizontally  or  obliqndy,  and  Nf 
to  pass-out  in  the  other  set  of  roots  connected  with  the  suae 
either  on  ita  own  or  on  the  opposite  side  of  the  median  fissure.     Oft 
belonging  to  thi->  latter,  a  small  part  appears  to  oonnoct  the  posterior  r 
directly  with  the  posterior  cotumua,  without  passing  into  tie  vcsienli 
substance ;  but  the  renuiiiitler  of  th(>so  belonging  to  the  pKwterior  raobs 
first  enter  the  grey  matter  of  the  Cord,  and  then  emerge  from  it  rilWi 
into  tho  poaterior  colutna,  or  into  the  posterior  part  fif  the  hitetivl  <»lo 
of  their  own  oi-  of  tbe  opposite  half  of  the  Cord ;  and,  In  like  mumO',  I 
the  longitudinal  fibres  belonging  to  the  anterior  roots  first  entor  i 
ve^iciiliU'  substance,  and  then  {;>aHS-out  from  it  into  the  anterior  eolamst 
or  the  anterior  part  of  the  lateral  column,  of  the  same  or  of  th«  oppunta 
aide.      How  far  any  of  these  longitudinal  fibres  proceed,  however,  i 
upwarilfl    or   downwards   in   the   Cord,    must    be   acknowledged   to 
altogether  undecided.      It  seems  quite  jirobable  that  aoine  of  then  «»(■ 
to  sjieak)  projierly  longitudinal  commisaures,  serving  to  connect  the  i 
roots  of  one  segment  of  the  Cord,  with  the  vesicular  subetunce  of  nnotW 
at  a  greater  or  less  distance  either  aliove  or  below;  and  it    has  beta 
recently  maintained  by  several  distinguished  Neurologista,  that  iiU  mint 
probably  be  of  tliia  character,  so  that  tbe  Spinal  Cord  is  the  rc*l  cwilrt, 
of   all   the  nerve-fibres  connected  with  it.     The  principal  ar^ment  (ofl 
this  doctrine  (which  seems  to  have  originated  with  tho  anatomirsl  i 
searches  of  Stilling  and  Wallach,*  and  to  have  been  first  put-forth  on  ; 
physiological  basis  by  Messrs.  Todd  and  Bowmant),   arises  from  ibtl 
tbsserteil  difiiculty  of  supposing  that  its  longitudinal  columns  mn  traiuoBtt 
any  considerable  number  of  nerve-fibres  from  the  Encephalnu  to  l)i«J 
Spinal  uerve-roota.      Thus  it  is  urged  by  Dr.  Todd,  that  it  is  highly  'oa-\ 
probable  that  the  only  channel  by  which  the  Will  can  iufluenoc  thcsplutl.f 
nerves,  should  be  (aa  generally  admitted)  that  afforded  by  the  Anl*riori 
I'yraMiids;  since  the  whole  bulk  of  these  pyramids  on  both  sides, 
together,  scarcoly  equals  that  of  oite  of  the  anterior  portions  of  tho  aot 

*   "  UntcrsucIiuiifCti  iilier  die  Textiir  des  BUekcnmarkM,"  Leipti^  1841. 
t  "  Phjmolopoil  Anulomj  and  PhjHiolcigj  of  Mon,"  Part  u.,  1S4El 
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onlamM.     Moreover,  if  tLero  were  a  gnAviti  giviug-olT  of  Eii' 
Jjc  libnn  from  tb*  longitiiJiual  coiuiuna  into  tUerootaof  the  tiervee, 
■  Mse  of  ihesp  ooliinms  ought  jjrogreaaiveiy  to  diiniiiiab  from  above 
Birxnln ;  whei«B8  it  is  a^erteil  by  Vcilkmaiiu,  who  has  Btreiiuoiisly 
■•1(1  thin  iluotriito  (loccit.),  t)mt  the  siee  of  the  white  columns  int^eiilA 
I  (liiuinution,  but  that  it  ia  everywhere  proportiono!  to  tlie  qimntity 
'  uiBtt«r  iu  ibe  CoriL   Thiis  ia  Heqients,  the  Spinal  i»id  (ua sili-eady 
is  remarkable  for  its  uniformity  of  dimonsion  through  its  entire 
l»,  thn  absence  of  lim1>E  preventing  the  necessity  for  an   increase  iu 
1 4Uiuttity  oi  grey  matter  in  any  part,  and  the  fil)roiifl  enlumns  pre- 
jhg  iv  nimihir  uniformity  throughout;  wberea'9,  if  tlie  latter  be  iiailly 
^■liAlic,  they  whould  gradually  dwiudlc-awny  from  the  hoiid  to  th'i 
MtnTOver  it  hA8  been  estitoatcd  by  Volkrunnn,  that  the  ansi  of  the 
pilml  CjjuI  of  a  Itoa,  at  its  anterior  part,  is  not  more  than  oii'*- 
part  of  the  uiiitt-d  area  of  the   221   paini  of  nerves   wliidi  tu'i* 
■off  from  it.      Further  it  is  urged  by  Volkmann,  that  the   white 
are  ■bsolnteiy-anifiiler  in  the  cervicivl  region,  thau  they  are  in 
I  lowi-r  [Kirl  of  the  Cord ;  so  that  they  would  not  aulSco  to  convey  evmi 
r  lomlwr  columns  upwiu\U  to  the  Eucephalon,  much  lens  to  transmit 
I  fibres  of  all  the  intervening  nerves  ia  addition. 
1483.  These  and  similar  statements,  howevei-.  have  been  recently  met 
'  I'roC  K"lliker  (loc.  pit.),  whose  researches  have  led  him  to  a  auiiclusion 
U>  thit  of  VoUcinann,  although  be  was  at  one  time  inclined  to 
I  with  it.  He  has  assurMi  bimscU' tliat  iiijlfuvi.the  thickness  of  the 
altunns  does  augment  from  below  upwards,  and  tliat  the  incruase 
F^liameter  of  the  Cord  at  the  ganglionic  enlargements  is  clue  to  the 
nmtetion  of  the  grey  matter  only.     Mureover,  the  diameter  of  the 
■tabes  in  the  Cord,  eajtcciaUy  at  its  tijijiur  ])art,  is  so  much  smaller 
thti  diameter  of  the  nerve-tubes  of  the  Nerve-roota,  that  a  large 
must  be  made  for. this  difference,  iu  estimating  the  relative 
obw  of  nervc-tulics  in  the  fibrous  columns  of  the  Cord   and   in   the 
NorviB ;  and  he  asserts  fixim  actual  measurement,  that  it  ia  by  no 
impowible  for  the  fibrous  strands  of  the  former  to  contain  all  the 
re-tub<«  which  iasue  from  them  in  tlie  latter.     He  has  found  himself 
ble,  monrnver.  to  deteot  an'/  tennination  of  the  nerve-fibres  in  the 
eubatance  of  the  spinal  cord ;  and  hence  he  thinks  it  probable 
titer   all    pans  upwards   to  the  brain. — On   the   other  hand,   the 
i  of  Mr.  J.  L.  Clarko,  which  have  been  carrii?<l  in  some  respects 
to  •  gn«t«r  drgree  of  minuUmess  than  those  of  Prof  Kiilliker,  seem  to 
aODfirm    the   belief  that   there  i*  a  set  of  fibres  which  never  become 
leagicudin&l,    ami  which,  accordingly,  have  no  other  ganglionic  centre 
Ifaaa  tbe  resicular  substance  of  the  segment  of  the  Cord  with  wliich  they 
noatv  into  immediate  relation :  whilst  they  also  accord  with  those  of  Prof. 
KoUiker  in  rendering  it  extremely  probable,  that  many  of  the  longitu- 
iiaal  fibrw*  of  both  roots,  do  pass  continuously  upwards  to  the  Encophalon, 
nort  uf  them  after  traversing  the  grey  nucleus,  but  some  of  those  of  the 
pottcrior  roots  without  even  entering  the  vcsicidar  sutietanoc,  so  tliat 
tiuM  cannot  have  their  ganglionic  contrc  in  the  Cord  at  all.    If  the  latter 
be  amoDg  the  fibres  which  pass-up  through  tbe  Posterior  Pyramids  into 
the  nciaory  tract  of  the  Crura  Cerebri  (5  490),  their  real  ganglionic  centres 
are  the  Thftlami  Optid. 
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486.  That  sucli  is  the  real  a-rmngeraont,  is  verj-  stmii^'ly  iiniK-^l«!  h 
Uieaualogons  oc-ufonn.itiouof  thegaiigliatailcord  of  Artii^iilni.il  wiiiiil>. 
for  it  may  be  stuted  with  tolerable  certainty,  that  some  of  thr  Cfl-si^m 
of  their  nerves  pais  aloug  the  jturely- fibrous  tniul  of  tLiii  ooni  (whitlitt  I 
fiir   more  rea<lily  separutf  (I  from  the  vesicular,  than  it  cnn  Iw  in  VaW- 1 
bratu),  directly  to  tlie  oephallo  ganglia,  vUich  tbev  thus  bring  ioM  •lirall 
communicatioii  with  all  the  nerve-trunks  connected  with  tlm  ^u 
cord;    but  tltut  others,  aUi)  becntniiig  longitudinal,  and  nuuiiiig  i 
those  portions  of  the  cord    which  interrene-betwevn  tmd  cmn 
gnD^liii  of  the  diiferent  segments,  pass  into  the  nerre-tmulcs  that  i 
from  gfuiglia  at  a  distance  of  one,  two,  threu,  or  more  st^niRDt«  kb 
below :  whilst  a  largo  proportion  of  the  root-fibres  have  their  l 
centres  in  the  ganglia  wliicU  they  reapectively  enter;  and,  afW 
into  relation  with  its  vesicular   substunce,  poas-out  again,  either  on 
saiao  or  on  the  opposite  aide  of  the  median  plane.*      Now  tlic  |nu^ 
fibrous   tract   of  the   veutnU  cord  of   the  Artieulatii   tvnuiniilts 
Cephalic  gauglia,  which  are  homologous,  as  already  rumarkc-.l  [^  l^ 
not  with   tile  whole  Eiiceplialcin  of  Vertebrata,  but  with  thtir  ■* 
ganglia'  niouc;  and  thus  analogy  would  lead  ue  to  sup]>uae,  ilwi  ttifl 
fibrous  atratids  of  the  Spinid  Cord  do  not  pass-on  conliiiuini.'>ly  li> 
CereOrum,  but  really  e^xtend  uo  further  upwards  than  tlie  Corpor*  St 
Tbalatni  Optici,  and  the  other  gangbonie  centres  iu  conaoctiun  will 
them,  which  Uo  along  the  floor  of  the  oranial  cavity.     Tliitt  ri«w  will  I 
hereafter  shown  (Sect.  3)  to  be  in  harmony  with  anatoiaical   >tid  phj 
logical  facta,  which  indicate  that  the  Cerebrum  only  ref«ivea  its  iuipn 
to  action  througli  the  medium  of  tbe  Seusoiy  Ganglia,  and  that  It  i 
upon  the  muscular  apparatus  only  through  the  same  channel 
some  of  the  afferent  fibres  of  the  spiiial  nerves  should  ascend  coiitinvon^ 
upwards  to  the  giiiiglia  of  tactile  sense,  in  Alan  and  other  VerWbrala,  u 
well  OS  ill  Articitlated  animals,  would  seem  a  legitimate  dcducdou  tnaa 
the   fact,  that   sueh   continuity  obviously  exists  between   the   ulfnctim 
visual,  and  auditory  nerves,  and  (AnV  respective  ganglionic  ewitr 
intermediate  apparatns   of   vesicular  matter  being   interposed  in  i 
course;  and,  as  we  have  seen  (J  i83),  the  existence  uf  such  a  coat 
in  regard  to  a  part  of  the  fibres  of  the  posterior  roots  of  the  ncrrrs,  i 
made  extremely  probable  by  the  latest  reseiirclies  of  Mr.  J.  L.  Clarke.- 
A  very  remarkable  confirmation,  too,  has  been  recently  al1brde<I  to  th«  da 
trine  of  the  constitution  of  the  Spiu.il  Cord  here  advocated,  liy  the  I^ 
logical  researches  of   Dr.  Ludwig  Turck ;  +  who  has  sliown  that  i 
ledons  of  the  Eucephalon  produce  a  degeneration  of  nerve-tiajue  in  [ 
ticular  tracks,  which  may  be  traced  contijiuoiiHly  down  the  Sjiiual  Co 
usually  in  the  aiUffutr  column  of  the  side  aft'ected,  and  in  the  i 
column  of  the  opposite  side;  whilst,  on  the  other  hand,  local  Indona* 

*  Soe  "  Princ.  of  Qimp.  Plija.,"  %  643. — The  inipurtant  feel*  here  nferml-ICv  !•" 
been  cliiufl;  snlisloutuitod  !>j  Qi6  research«s  uf  Mr,  Newport;  >  Tgrj  imjHirUDt luUilia 
tu  his  stalemeaU,  liLiirfii^r.  but  Ikifii  rocmtlf  made  b;  H.  OttDCber,  who  bit*  ili  iiiiiinn»»< 
tbu  ikctual  I'outinnrty  tvln-wn  the  nerve-fibres  uid  the  caadate  Tesdsa,  in  th«  gm^^ 
the  veutrai  ix>id  of  the  Lescb. 

t  ^'e  bi»  IhUmoir  '  Ubet  BecoodUre  Erknuknng  clatvlneT  BttckmumnrkxKlrlUc*  < 
irhcr  PorlA^lzangeu  edid  lieUrae,'  iu  "  DensicliriftaD  iler  Kuscrliohen  AtwHeinie  ilr  Wk-1 
■ennhaflen,"  Wieu,  1S61 ;  b!bo  "  Zeitschrift  tier  neaeil.  dn  Aertn  n  Wien.'  t^H.  ' 
heft  10. 
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Cord,  ns  from  caries  of  tbu  vortebne,  or  from  tlio  preflstiri'  of 
i  jwoduec  u  like  ilegeneifition  in  ueilain  ti'acka  of  tlit'  ("jsteiior 
l»,  auil  sonn-liinua  nlso  of  the  liiteral  cnhiums,  ascfiiiUiig  towanls 
Iwl'^ii.      Thua  it  appears  tluit  tht  yoMerivr  fadciotili  are  liiihlu 
iWDbdiiry  dcgviiorutiou  ia  the  cru/riiietai  ilii-oction  only,  aail  tlie 
in  U)i>  cmtri/it'j'd  diroctioii  ouly;  the  itegenoi-atiou  taking;  |>lao\ 
i«b1i  c»a,  in  the  Jiri-oliou   iii  which  thoy  ordinarily  transmit  iierve- 
Tlio  inixoil  endowiuuntH  of  the  lateral  colurana  are  also  iudicattnl 
ibrM  pliMioinena. 

1^7.   Wi'  nra  not  requirej,  however,  by  thu  ailoption  iif  this  view  of 

ouuatitiitioii  of  ihf  Spinal  C'oi''],  to  regaj-d  its  Cojihalit  libi-Bs  iia  of  a 

ntt  onler  from  those  which  pass  froiu  oiiu  of  ita  own  aef[ineiit«  t« 

!r  i   f'T,  I'oii.ntik'riu^  the   wholi'  of  tbo  L'liktiio-Hpiniil   iixia   iu4   uiit 

of  rttdrvit,  tvtviviiig  tho  termiuiitions  of  nit   tlic  nerves,  ita   longi- 

libriti  an'  i-ipiuUy  cotii«itisM/''i/.  whether  they  estaijlisli  tho  cou- 

Liou  tn'tw(«i'ii  iJio  norvv'-roots  aud  vesicular  nuitt^r  of  two  udjaeont 

■.■Ti...rif-,  or  wh'ithi'r  thoy  hriug  icto  the  sanuo  stniotural  relation  tho 

)|  »K  6irtht<Ht  removed  lu  ponition.      And  thus  we  may  re^'iu'd 


-innu  ujjon  the  uSbrent  uerves  ua  first  operating  upon  it  (ulTuct- 

■■-.i-'  II  iiisuras,  or  Dot,  according  us  they  reach  the  ttensory  giui^liii, 

I  Bin-"!'-!  iti  their  progress  thither);  and  nil  motor  impulses,  whether 

iij--firlii-x.  Ill"  origiiiiitiug  in   volitional  direction  or  emotional  exeilr-- 

ll,  as   billing  itiiuii<'liat<:ly  from   it   ihratigh    tho  motor   tiunhs, — If 

b«  th«  case,  it  dui'^  not  seem  at  idl  iniproliiihle  that  thei-e  should  Iin 

rdifforroc-  in  ditl'r'i'ent  tribes  of  itnimnlti,  as  trO  tiie  propi>rtJun  of  fihrivt 

have  tlipir  cuiitiDS  in  the  Hpinal  eoiil  and  in  the  Si.in«oriai  centii'a 

tivi-ly ;   for  in  those  whose  cmliuaiy  movements  of  progi'esaioa,  ite. 

inili-IKitdoiit  of  sensiition,  being  perfanned  thrtiugh  tho  j*efle\  iuitiou 

rtUe  epiuul  curd,  it  might  he  expccteil  timt  the  cliief  cniinectiou of  tha 

nerves  should  lie  with' its  owu  ganglionic  substance,  and  that   tho 

.  of  the  fibrous  columns  should  be  composed  of  commisaiiral   filui's 

Jiiig  those  which  iuterveuu  between  tho  sepamte  jwrtions  of  the 

lie  trru.-t  of  tho  ventral  cord  of  Articidata;  whilat  in  like  manner 

3f,  lie  anticipated  that  in  itlau,  so  large  a  part  of  whose  movcuontt) 

foniied  in  oliedience  to  a  mental  stimul>L«  anil  under  the  guidance 

,  the  longitudinal  atruiida  should  be  cluefly  composed  of  fibres 

kilwctly  connect  the  sensorial  centres  with  the  roots  of  the  spinal 

res.    Such  a  dilferoncc  would  appear,  fi'om  tho  comparative  resean'hes 

M5f,  V"lkniann  and  Kolliker,  to  exist  between  tho  structure  of  the 

i  cord  of  tbi'  llorno  and  that  of  Man. 

.48^  The  Mvilidia  iMoiii/nia,  or  cranial  prolongation  of  the  Spinal 

rhicli  bring  it  into  connection  with  tho  Enceplialic  centres,  is  ilis- 

nI  by  the  [leouliar  aiTangement  of  ita  fibrous  strands  and  of  ita 

Bi  of  grey  matter;  and  also  by  the  peculiar  distribution  and  c-nrlow- 

ata  of  the  nen'es  connected  with   it  (§  510).     The  onatomieal  boun- 

Jartiduowdly  nsiigneil  to  it,  are  the  Pons  Varolii  above,  aud  the  (.Icci- 

jOi.lI   rimnien   below;  but   these   limits  are  purely   artificial;    and   for 

■.^al  purpose*,  the  course  of  its  fibres  must  be  traced  much  higher, 

1— .  lAiiut  markod-out  has  a  bulb-lite  form,  and  presents,  liki-  the  Cord 

it  is  the  continuation,  a  posterior  and  an  anterior  median  fisaurii. 

rfonncr  is  deep  and  narrow,  extending  to  the  posterior  border  of  % 


puscnoys  or  the  cEttEnno-sMifit  imtrors  btsttx 


layer  of  commiBBural  fibres  wliich  forms  the  floor  of  the  anterior  i 
The  ]att«r  is  wider  aad  lese  deep;  aod  iU  continiiit}'  with  tlio  i 
fissure  of  the  spina!  cord  is  iuteri-upt«d  l^y  the  decussatiou  of  l)>»A>-' 

t«rior  Pymaiids,  which  is  marked  extei-niilly  by  the  crossing  of  fr iKn 

to  five  buadlos  of  fibi-es  fi-oui  each  ride  over  to  the  other.     1 
Botion  may  be  coDsidered  as  the  physiological  boundary  b<:(v.,.,„  ., 
Medullu  Oblongata  and  the  8pinal  Cord.     The  Burfa«e  of  ench  Uhal  I 
luilf  ia  furrowed  by  grooves,  which  assist  iu  markiug-out  the  four  principi]  j 
Btraud.';  of  nerre-fihrea  that  maybe  distmguishod  on  either  side:  tlimut.  j 
— 1.  Tlie  Anterior  Pyramids  or  Corpora   Pyramidalia ,-   il.   The  OUt 
Bodies,    or  Corpora   Oiifnria;  Iil   The    Re-stifonn   Bodies,    or 
Hfsli/oniiin  ,*  otherwise  called  Froceaaiig  a.  Ccrrbdlo  ad  MuduUam  i 
gataiii:   IV.  The  Posterior  Pyramids,  or  Corpora.  l';irami/lidift  I'm 
—The  connections  of  these  with  the  Bndn  above,  aud  with  the  SpJMlJ 
Cord   below,  will   be  preseutly  truced.*      The  vesicular  guMi»n'»,  «il 
the  other  hiiud,  i3  principally  aggregated  in  three  pairs  of 
centi-ea;  of  which  the  anterior  forma  the  nucleus  of  the  Oli' 
the  lateral  of  the  Kestiform,  and  the  posterior  of  the  Posteriur  i^p^i 
midnl. 

480.  The  Anterior  Pi/rairiltln  (i)  consL'rt  entirely  of  fibrnns 
and  establish  a  cornmuui cation  between  the  '  motor  tract '  (Fig.  M,  i 
of  the  Crura  Cerebri,  and  the  anterior  and  antcro-lAtcral  cnliuniu  of  Uaj 
Spinal  Cord.  The  principal  part  of  their  fibres  decussate;  and  thc«p,  I 
they  pofls  from  above  downwards,  dip-away  irom  the  anterior  mir&rp  i 
the  Cord,  and  connect  themselves  with  its  mideilt  or  IntfrtU  columa 
insteftd  af  with  \t&  anti?rior,  a^  wiis  pomted-ont  by  Rosenth&l.f  aud  me 
fiilly  described  bv  Dr.  J.  Kcid.J  A  small  pai't  of  the  fibpM  of 
pyramidaJ  columns,  however,  do  not  decussate,  hut  proceed  downi 
on  the  sfljoe  side,  into  the  corrosjMnding  anterior  columns  of  the  1  _ 
Cord.— II.  The  Olivnri/  bmlies  are  composed'of  fibrous  strands,  cndo 
a  grey  nucleus  (Fig.  Si,  oij)  on  either  side.  The  upwai-d  eonliiiiialiou  ( 
the  former  divides,  wiiile  pasring  through  the  Pons  Varolii,  inbi  W 
bands,  one  of  which  proceeds  upwards  and  forwards  as  a  iiart.  of  I 
'motor  tract' (ni  ()  of  the  Crus  Cerebri,  whilst  the  other  (fi) 
upwards  and  backwards  to  reach  the  Corpora  Qiiadrigemiiin  (c,  ii). 
oBvary  columns  are  continuous  inferiorly  with  the  aatt^or  column*  ( 
the  Spinal  Cord;  and  afibrd  attitchmenta  to  the  anterior  roots  of  Uielll 
and  2ud  cei-rical  nerves.     The  vesicular  nuoleiw,  which  is  known  as 


*  Great  diTeraitiiH  will  \n  fannd  in  the  acooniite  given  nf  those  oonseetiona  I7  Ilfai^ 
aathors;  «ORiii  of  wLich  are  attribuUiUc  to  n  Ukrialian  la  the  use  of  temu,  vLich  aoM: 
{HUB  unnolicvd.      By  tbu  mujorit;  of  AnatomiatA,  the  name  uf  Corpora  Beiitiformi>  i*  ^' 
to  the  Cerebtliar  Culuinn* ;  odiI  this  liesignation,  therefore,  it  Beem«  adnMhle  to  nta 
Boioe,  however,  nnil  nmonjrst  them  Dr.  J.  ReiJ,   in  hifl  very  eioellent  dcKTiptnn  irf  'i 
Anittnm;  of  t1i>!  Meduliii  ilbiungnta  ("Kilinb.  Heil.  an*)  Sur^.  Journal,"  Jiui.  IMl),  fi 
that  nnmu  to  the  eiilouinJi  thnt  jjiLKft-up  frouL  the  p4>sterior  ilivinion  of  tke  C|nnal  wti 
the  cruB  ceroid — vinoh  are  Iiorf  oalled  Rafter  Sir  C  Beli)  the  [xjBt^rior  pjnmJdi: 
ipply  the  ttirufi  Posterior  Fyramida  to  tbu  Cerebellar  cutumii.     The  tmtli  n  liiuC  u  ^ 
C.  Beil  baa  jnstljr  oliserved,  all  the  trai?tH  rf  Rbrous  matter  counccting  the  nnio  kIU 
Spinal  Cord,  baTu  a  ituniewhat  pyramidal  form;  and  it  might  be  added  tltatall  han* 
tfatngof  a  ratif'irm  or  conl-like  agpeet. 

t  "  Bin  Ikitnig  tnr  KncephnIaWmie,"  Weimar,  ISlfi. 

X  "  Biinb.  Me.i.  and  Surg.  Jonrn.,"  J«n.    1S41 ;  and  "  Phyalol.,  FathoL,  ud  A 
Ranarches,"  cliAf.  vit. 
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HTRTOTtms  OF  HBDITLLA   OBLONBATA. 


Difs-VLiiin  rpflUo  Mf^lnWt  OLhnifitln.  muhn*  1  h»*  rjjtiimi^Hwf 
of  iui  qpvi'rhl  'trHUfln: — i^  citr^ma  Btrialuin  j  h,  tL&lAmiitt  mtt- 
ruB,  c.  D,  i;iHrp.Jra  qDBdnuiMbuiA;  i,  ■.xfmmia^drp  tifniiwUnir 
(honk  mill  'lie  I'^wl-ellum;  f,  J.'-irjMirh  ri'MlEfornLUK;  r,  Y.  iMinp 
inrDLii;  it,  ff^  ttonii^ry  Lru't;  mt.  n-t,  Ubi'hir  TntcL;  -t,  ohvAry 


dqHtalmn,  aeems  to  bo  especially  connected  with  tli<t  ongins  of  tlie 
BWes  eoncemed  in  the  rc' 

gulatian  of  the  movements  F'u.  81. 

of  the  tongue ;  thus  wi'  tiii'l 
that  anteriorly  a  [jortlcm 
of  the  roots  of  .the  Hy]io- 
glosNul,  which  is  the  uiotor 
nerve  of  the  tongue,  issue 
from  it;  whilst  posteriorly 
a  portion  of  the  roots  of  the 
Glossfi-phiuyngeiil,  which  ia 
one  of  the  sensory  nerves  of 
thnt  organ,  aeeui  to  termi- 
nate in  it.— III.  The  Itcall- 
Jorm  bodies,  in  like  njftii- 
ner,  each  consist  of  fibrous 
str&ndfi  (p)  enclosing  a  grey 
nucleus.  Thelihrouastrands 
[taas  upwards  inio  the  Crura 
Cerebelli ;  wliilat  below  they 
are  chietly  contiimous  with 
the  posterior  columns  of  the 

Spinal     Cord,     haWng    also    (rmilip,  pymmJifiiUr^ctinjtnliTurjgwiglinni  u/'f  <^»LJi.«  brrvF; 
'  . .  '/i     ^i_       -<■■>  root  af  [hB  thin]  pur  (moU4'):Ga,  wnaorTHiot  afUiefllUi 

some  connection  with  the  ^_  -,-™~.,  ™»  •u-p>i>ui 

posterior  part  of  the  ruiddie 

columns.  These  Cerebellar  columns  al.so  communicate,  however,  with 
the  aiUerior  columns  of  the  Mpinal  Cord  by  a  band  of  'areifonn'  fibres, 
whose  connections  were  first  distinctly  de-scribed  by  Mr.  Solly ;  ■  of 
thrae  there  is  a  Hujierficial  m-t  which  unites  itself  with  the  pyntmidal 
coluiiinK,  and  a  deep  set  which  comes  into  i«liition  with  tlie  olivary. 
Thcii-  grey  nucleus,  or  '  reatifonu  ganglion,'  appears  to  bo  the  ganglionic 
centre  of  the  Piipuiiiogastric:  nerves,  and  of  a  portion  of  the  roots  of 
the  Cilosaophuryngeid. — IV.  The  Posterior  PyramiiUi  are  scarcely  distin- 
giiishable  eJCteninlly  from  tho  Restiform  bodies,  of  which  they  were 
formerly  described  as  ft  coTistJtuent  part;  they  form,  however,  the  imme- 
diate Wimflaries  of  the  posterior  nii'ilian  fissnre  ;  and  whilst  sufwrficially 
marked-off  from  the  Restiform  bodies  by  a  alight  gi'oove,  are  more  com- 
pletely separated  from  them  by  their  auatoraical  relations  to  the  parts 
above  and  below.  Their  fibres  establish  a  connection  between  the  aensory 
tract  (it,  »()  of  the  Cmm  Cerebri,  and  the  posterior  pirt  of  the  lateral. 
columns  of  the  Spinal  Cord,  some  of  them  passing  also  into  its  posterior 
columns.  Tliese  fibrous  tracts  are  stated  by  Mr.  Sollyt  anil  Dr.  Radclyflu 
HallJ  to  decussate,  partially  at  least,  whilst  passing  through  the  Pons 
Varolii. §  The  givy  nuclei  of  the  Posterior  Pyramids,  situated  imme- 
diately beneath  the  '  fourth  ventricle '  (which  is  nothing  else  than  the 

•   "Philiw-'pliioal  Tranmctioim,"  lasQ. 

t  "The  Haninn  BmiD,"  2uii  odit.,  j).  24S. 

t  "  EdiDl).  M«J.  and  Sura.  Jonni.,"  July.  1847,  Plal*  vii, 

i  A  dwasnatkin  nf  Ihe  Posli^rior  Pjraniiclfl  was  tIcBcrilxM]  by  Sir  C.  Dell  u  occurring  M 
the  mae  lovtl  with  the  ilLfu.ifutiun  of  the  AnWrior  Pynuniila  (Tig.  86,  <■) ;  there  nn  be 
Ha  di>iibt.  however,  ibai  Hiin  i^  hd  ijiri'r,  wbii^h  pnilably  iin^Ln:i1«il  ia  bin  having  tDtBin- 
(arpret«d  th«  sppearuicc  preaeated  bj  the  pwU-rinc  iuipei.-t  <>f  the  iuituri<ir  docunMiaa. 

a  H 
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apHOe  left  by  the  divergence  of  tlio  Restiforni  and  Po«t«rior-rynniiiil 
toacts)  arc  the  gauglioiiiu  ccutrcs  of  the  Auditory  ner««,  ur  the  propd 
Auditory  •jixngtia ;  a.ud  it  is  iuterestmg  to  observe,  that  llirir  s«»l  jiw- 
ciscly  cntTiisiioiiiis  with  that  tif  the  nidimeiital  organ  of  hcuriu^  in  mun 
Invertcbmtn.      (Sec  Princ,  of  Comp,  Phys.,  §  711), 

490.  The  MoOiillnOhlongiLta  is  usually  ccinsideitidaatenmiuitingkltb 

Pio.  85. 


OoarK  at  ihB  lloiov  tmrt.  Mcnniitij:  u-  Hir  C.  BlU.-*,  «,  fibrn  of  U»  HeiBMa^e 
TergiD^Ioforrc  tbeaiitprior  pnrti<-iri  or  dic^crufcpirbrij  d.  trw  Hmp  tnfl,  wbc»  H^iaf  Af  ■ 
enuwrebni  o.lhi'  riiilil  I'vniniiJallH.li,  •litlW  ahovplhc  pciin' of  dKumlim^  I  .  Ml  i  1 1  llljn 
inR  p«rl  iif  Ihp  I'.iJi*  Viir.,[ii  n  ]>.irl.i.jii  lijiiiii,.  bwin  duncvled-uff  (o  Bipusp  ».— 1.  ..IhiMT 
nervn,  inciuMini--  2,  anio.i  "f  i^ti.^  nmw  ;  3,5,  ninl->r  wuli;  -l,  i,  pBlhrticiu;  5.  i.  tflp™!- 
Dii"!  B,  B,  rui  uiuacukr  ditiHon;  7,  ?,  iU  MiMoij  rcxpl :  H,  urijm  ofiMuorT  root  IKimtkf  fw- 
ton..r  part  ipf  itipniMliiIliioUiiiiHilBj  B,  nbdnceo*  o.^uU  ^  I".  ouditoiT  nen*;  U.bniiJHni 
li,  rightb  pnir;  i\  hnoEloMlj  H  (plad  DOTM 1  is,  ipinil  HHwirT  arrigb  iid>,  «n«M 
from  pu  »»guin  Kid  glDuo-phuyiignil.  .        -»  .    i 


sTBOcrmts  of  medulla  obldhqata. 

Tower   border  of  the   Pons  Varolii;  but   it   will  lie  couvunient  here  to 
trace  upwards  the  strands  by  wbiuli  it  is  connected  witli  tbu  liiglit-r  £iicu' 

phulic  ceutrea,  as  a  clearer  idea  nf  ita  anatomical  aiiil  pliysiolcigical  rvla- 
tiona  will  thus  be  obtained, — Tlie  Pouh  is  nliietly  comjHWed  iif  transversu 
fibrea,  wliicli  conititute  the  groat  comiuisaiu-e  of  the  CL'rebellum;  luid 
Ulcsc  fihres  nut  otdy  mirroiind  Uii:  longitudinal  liauiia  which  connect 
the  Oerebmi  mass  with  the  liJpiniU  Curd,  butposi  throwjK  thcu;  tio  as 
in  some  degree  to  isolate  the  two  latonil  halves  trom  one  another,  and  to 
form  a  comjiletc  septum  between  the  anterior  and  jiosterior  ])ortions  of 
each.  These  aiUeriur  and  jiitgleriirr  tracts  of  the  Crura  Cerebri  are  re- 
spectively aubaei-vient  to  thBHwioraiidtheswwor^functiona;  asiacleai'ly 
indicated  by  the  endowiiicnta  of  the  nerves  wliich  are  connected  with 
eai'h  rfspectively.*- — ^Tlie  Mol<n-  tract  (Fig.  S5)  is  brought  into  view,  by 
simply  raising  the  superfitial  layer  of  the  Pons,  and  following  upwards 
and  downwards  the  longitudinal  fibres  wliich  then  present  thomsoivea.  . 
Thcst!  fibres  may  be  traced  u/iwanh  into  the  Cor|>ora  Striata,  and  dount- 
vwrih  into  the  Anterior  Pyramids  and  a  [wrtion  of  the  Olivary  columns ; 
iut  that  they  eonnect  the  Coi-poi-a  Striata  with  the  (oUcriur,  and  with  the 
anterior  portion  of  the  lalerai,  columns  of  tlie  Spinal  Cord.     With  this 

Pio.  ao. 


OnfM  ettU  SgMMylTM'wM-'inlini-iuSirC,  llna~>,  ruuVmr^bi.  u,  i>.  ifiwoiy  trart 
mou  oruth  pair. 

tract  we  find  connected — passing  from  below  upwards — the  roots  of  the 
Spinal  Acceasory,  the  Hypnglo^al,  the  Facial  or  Portio  Dura  of  the  7tL, 
the  Gth  or  AMucens  oculi,  the  smaller  root  of  the  5th  (which  can  bo 

•  Thii  was  finrt  clearly  aliown  by  Sir  C.  Boll  in  the  "  PhlloB.  Tnuiaapt.,"  1835. 

•  H  n  2 


4Se  FmCTtOKS   OF  THE   CBREBnO-SPnTAI.  ITBBVOCS  STBriH. 

tm»d   to  tlie   pan  of  the  OUvavv  coluiiui  tbnt  paaen  u|>wi«nb 
Oorpom  Quiulrigeinina),  the  ith  or  TroclilcsriB  (whicb  ie  nttMChedl 
same  pai-t  of  the  tract),  and  tkc  3rd  or  Oeixlo-motor  nervi-;  idl  ofi 
itre  piu-c-ly  motor  in  their  eudowniente. — The  SfMory  tnwt  (Fig.  M)  I 
disphiyod,  by  opening  thi?'  Medulla  Oblongata  on  ita[ioetcriora£;i«(-t ,  i 
tbeD  separating  aud  tuiiuDg  aside  tbe  H^tiform  t^olunuis,  so  as  U>  I 
into  view  tbe  posterior  pynimida.     Its  fibres  may  he  traced  i 
tbe  Tbalami  Optici ;  wbiUt  they  pass,  through  tlie  Posterior  l\r 
the  post«rior  portion  of  the  lateral  cohunns,  and  ulso  iaXtt  iht^  pt 
columufi  of  the  t^pinal  Cord.      With  this  tract  are  connected  marly  i 
whole  of  the  roots  of  tbe  Pneninogiistric  and  G^loaBO-phaiyiigeBt 
and  the  lai'ger  or  seiisory  root  of  the  oth  pair, — The  greoler  juirt  i 
MoUji-  traet  deeiissat.^  where  the  Auttrior  Pyramids  beconio  oonti 
with  tbe  lateral  oolunius  of  the  Spinal  Cord;  on  the  other 
greater  part  of  the  Sensory  tract  decussates  in  it«  pBS»ge  tbroa 
Poua  Varolii — The  following  tabular  view  may  ttsaist  in  onnvaji 
knowledge  of  this  somewhat  intricaf«  piece  of  Anatomy ;  wliioh, ' 
once  mastered,  will  be  fonud  to  be  really  simpler  than  it  appeftTL 

Bfisu.  Oosd.  Medclu  Obluitoau.  Ba»i>. 

Anterior  or  Motor  DicaUM. 

I  Ardfiinn  fibres  of  OHtu?  nud  Anterior  PynmidiJ  colunuu        <VwtiJI^ 

Anlirior   1  PoeUrigr  portion  of  OliTory  rolomns CWmts  Ifai^i] 

Cciwniu    i  Aoteiior  portioa  of  OliviLry  coJamns      .      ,      ,      h      .      ,      \         i  yi  mifa      I 

'  NoQ-JecQBsiting  porlioD  uf  AuMriar  Pynuuidal  OQlumiui      j  -j 
Anterior pDrtiun of  1  ,,  ..  ,.       ,,   .    .     «         ..  .     ■  I  varpai* 

Intend  Calitmru  (  DwiwaaUiigportionofAiilenoi' ryiUDnWculmmuJ 

Potttrior  or  Sauorg  Divitim. 

Lattrat  rolviant    i  J^^o^Mling  portion  (?)  of  ruateriiir  PjraiiiidB]  wloiiuii 


Lateral  C'elvam. 

Posterior  Cdumiu  \  ''""JecusMling portion  (OofPoHteriorPjrajnid^oolumM 


O/M. 


491.  Nerves  of  the  Sphuil  Axi/i. — With  the  Spiual  Cord  {in  its  limil 
sense)  tbiMu  an;  counectiMl  thirty-one  pairs  of  uerves;  each  of  Hliiclii 
respontb  to  a  vertebral  segiaent  of  the  body,  and  has  two  sett 
roots,  an  anterior  and  a  posterior,  difl'ering  in  their  functional 
raenta,  as  already  described  (J  -172).  Tbe  anterior  roots  are  usuhIItI 
smaller;  and  this  is  [lurticularly  the  case  with  those  of  tht  oervii 
nerves,  in  which  the  posterior  roots  are  o(  remarkable  com[ianitive  i 
In  the  first  Cervical  or  '  sub -occipital '  i>air,  the  anterior  roots  air  sooo 
times  wanting;  but  there  is  ihen  a  derivation  of  fibres  from  the  Sp 
Accessory,  or  fi'om  the  Hypoglossal,  or  from  both.  The  two  fcmU  nf  t 
ordinary  Spinal  nerves  uniW  immediately  beyond  the  gaiigjiou,  wh 
is  situated  on  tbe  posterior  one;  and  the  trunk  thu-s  formed  mii 
immediately  into  two  divisions, — the  anterior  and  posterior, — mch 
which  contains  both  afierent  and  motor  librea.  Tliesa  divisions,  of  wh 
the  anterior  is  by  far  the  larger,  proceed  to  the  anterior  aoi] 
parts  of  the  body  respectively;  and  are  chiefly  distributed  to  the 
and  the  mnscies.  The  anterior  branch  is  that  which  communic 
with  the  Sympathetic  nerve.- — In  addition  to  these,  however,  the  i3Vii*l 
prolongation    of   the    Spinal    Axis    is    the   centre   of  all    the   cvphtti' 
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nerves,  save  tbose  of  special  sennation,  which  tei-miiint*  iTi  their  resiiec- 
tjve  gauglia ;  and  lus  thisse  ce|jliiLlic  nerves  jire  for  the  most  [lai-t  ilistin- 
j^uisliL'd  by  the  [wuiiliarity  of  their  endowments,  they  require  to  be 
^|>aralely  noticed. 

492,  The  pair  of  norvea  commonly  deaignsted  as  the  Fijl/t  of  the 
C'e|)halie  aeries,  or  as  the  Trigeiitiiiuji,  is  tin'  one  wliich  morn  nearly 
rceeinbles  tho  ordiniiry  Spinal  nerves,  than  does  any  other  of  those 
originuting  within  the  cranium.  It  [Kiaseaaea  two  distinct  wtu  of  roots, 
of  which  one  is  mucL  lai'ger  tlian  the  other;  on  the  liirger  root,  aa  on 
the  posterior  and  larger  root  of  the  Spinal  nerves,  is  a,  distinct  ganglion, 
known  an  the  '  tJimseriun' ;  and  the  fibres  arising  from  the  smaller 
root  do  not  blend  with  thost'  of  the  larger,  until  the  latter  have  (laased 
through  tbLs  ganglion.  The  trunk  of  the  nerve  aejmrates  into  three 
divisions, — tlio  Uplithnlniic,  the  yujierior  Maxillary,  and  the  Inferior 
Ataxillary;  and  it  can  be  easily  shown,  by  careful  dissection,  that  the 
tibrea  of  the  smaller  root  pa.s6  iuto  tho  last  of  these  divisions  alone. 
\V  hen  the  distribution  of  this  nen'e  is  carefiilly  examined,  it  is  found 
that  the  Jimt  and  tiecti/itl  divisions  of  it  proceed  almost  entirely  to  the 
Skin  and  JIuuous  siirfaees,  only  a  very  small  proportion  of  their  fibres 
being  lust  in  the  muscles ;  whilst  of  the  branches  of  the  C/iird  division, 
a  lai'ge  number  are  distiuetly  Muaoular.  Hence  anidogy,  and  the  facta 
supplied  by  anatomical  research,  would  lead  to  the  conclusiou,  that  the 
first  two  divisions  ai-e  nerves  of  aen-sation  only,  and  tlmt  the  third 
division  combines  sM'nsory  and  motor  endowments.  Such  an  inference 
is  Rilly  Iwrne-out  by  e-xperiment.  Wlieu  the  whole  trunk  is  divided 
within  the  cranium  by  the  penetration  of  a  shiirp  instrument  (which 
Magendie,  by  frequent  practice,  lias  been  able  to  accompLsh),  evident 
signs  of  acuti!  pain  are  given.  After  the  incision  has  been  made  through 
the  akin,  the  animal  remains  quiet  until  the  nerve  is  touche<l ;  and 
when  it  is  pressed  or  divided,  doleful  cries  are  utteitd,  which  continue 
for  some  time,  showing  the  jminiiil  ulTect  of  the  irritated  state  of  the 
Put  extremity.  The  common  seuaibihty  of  all  tbe  parts  supplied  by  this 
nerve  is  entirely  destroyed  on  the  afiectcd  side.  The  jaw  does  not  hang 
loosely,  Viceouse  it  is  pailly  kept-up  by  the  luuscles  of  the  other  side; 
but  it  fails  in  a  slight  degree;  and  ita  movements  are  seen,  when  care- 
fully observed,  to  be  somewhat  oblique.  If  the  trunk  be  divided  on 
each  side,  the  whole  head  is  deprived  of  sensibility;  and  the  animal 
canieB  it  in  u  curious  vacillating  manner,  as  if  it  were  a  foreign 
body, — If  the  anterior  or  Ophthalmic  branch  only  be  diviiled,  all  tlie 
[larU  supplied  by  it  are  found  to  have  lost  their  sensibility,  but  their 
motions  are  unimpaired;  and  all  experiments  and  pathological  obsorva- 
tions  concur  in  attributing  to  it  sen.wry  endowments  only.  The  only 
apparent  exception  is  in  the  ca.se  of  the  naso-cUiary  branch,  since  there 
is  good  reason  to  believe  that  the  long  root  of  the  ciliary  gauglion  and 
the  long  ciliaiy  nerves  [Kissess  motor  powers;  but  these  appear  to  be 
derived  fi'Om  Ibe  Sympathetic  or  from  the  3rd  pair.  When  the  whole 
nerva,  or  ita  iiTiterior  branch,  is  divided  in  the  rabbit,  the  pupil  is 
exooedingly  contracted,  and  remains  immovable ;  but  in  dogs  and 
pigeons  it  is  dilateil.  The  pupil  of  the  other  eye  ia  scarcely  afFecteil ;  or, 
if  ita  dimensions  bo  changed,  it  soon  returns  to  ita  natural  state.  The 
eyeball,   however,  .speedily    bccometi   inEomed;   and  the  iadiuiimation 
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usunlly  niiis-on  to  BUfipiiration  and  com|)leto  diflorgaiiizatiaii.     The  mm- 
nieneumuiit  ul'  theae  chimgDS  may  be  commonly  noticed  within  twwilj' 
four  hours  iil'tur  the-  o|H:ratioii ;  ruid  they  Bppear  to  be  dne  to  the  »»Ul 
of  the  pi'oteutivu  Bccrction,    which  ia  necessary   to   keep  the  mucouii 
suriace  (if  the  eye  in  its  healthy  L-onditiou,  and  which   is  not  foniiKl 
whim  the  seuaibility  of  that  surfaoo  m  destroyed.— The  Supaior  MitrU^. 
tary  branch,  considered  in  itself,    is  equally  deatituti)  of  motor  endwr-f 
tuenta   with   the   ophthalmic;    but  its  connection  with,  other  nerve^l 
through  thu  flphuDo-palatiue  ganglion  and   its  aiiastomotuug  twig!.  nuyJ 
iutroJuw;  a  few  motor  fibres  into  it, — Thu  Inferior  MasriUari/  branch 
the  only  one  which  possoaaes  motor  as  well  iis  aenaory  etulowmvnts  f 
its  origin ;  but  ita  different  aubdivisioiu  posa-as  these  CDdawTii«nt8  ia 
varying  jirojiortiouB,  some  being  idmoHt  esoluaively  motor,  aud  othias  ul 
completely  of  a  sensory  character.     The  latter  is  probably  the  nature  i 
the   Lingual   branch ;  and  there   seema  good   reason  to  believe,  »a  will] 
hereafter  be  shown  (§  495),  that   this  ministore  not  only  to  the  tnctiUl 
Boiisiliility  of  the  tongue,  but  to  the  sense  of  Taste.     The  muM'li.'s  pnl  iai 
action  by  this  division,  are  aolely  those  concerni-d  in  the  maslicftiiiry  1 
movements. — The  5tli  paii"  is  conuetjted,  in  dill'erent  parte  of  iU  cnimf.  j 
with   a   number  of  small   gnnglia  belonging  to  the  Syin]>athetie  «>*reo. 
One  of  the  moat  interesting  ol'  these  ganglia  is  the  OphlhtUmie  or  Ciliary  ] 
(Fig.  87.  39),  which  is  the  centre  whence  the  eyeball  derives  ita  Mipjily  of  J 
nerves,  sensory,  motor,  aud  sympathetic.     This  ganglion  dcriT«  iU  wm-i 
sory  fibres  by  its  '  long  root'  from  the  nasal  branch  of  the  OphthilniiaJ 
division  of  the  iith  |tair;  its  motor  flhrea,  by  the  'short  root"  from 
3nl  iiair ;  wliilat  by  unothcf  small  foot,  it  is  Connected  with  the  cavef 
plexus  of  the  SymjNithetic  system; — thus  i>resenting  a  sort  of  miiiiuunl 
representation  of  the  entire  scriea  of  Symptthetic  ganglia,  and  of  iborl 
conneotiona  with  the  Cerebro-spinal  system.* 

*  The  functtoDB  of  tliia  ganglion  have  been  mode  the  snbjece  of  i>articBl>r  in 
hj  Dr.  C.  BaJclySa  Hull  ("Ecliah.  MeJ.   and  Sarg.  Junrnnl,"  lMti-l»),  *lu«  i 
impurtiuit  ruanttfl  nre  as  fjllowa  : — 

1.  The  Hiie  uf  the  ciiiarj  gaugUm  ia  always  in  direct  iiroporlion  to  111*  mfltiriljof* 
iris,  which  in  turn  alwa  jb  heara  a  direct  relalion  to  tho  streu^  uid  iiiiilniiM  of  t 
■nil  to  tbn  nucturnal  hubits  ofUiti  animal,  bjicI  ioiplies  n  praportianate  deTelopmat  of  t 
inlemal  vascuLir  upparatue  of  the  eju, 

2.  Tho  ganglioD  ia  altraja  laiire  intimately  (vnnectod  with  the  3nl  pur,  Uuu  vilk  u* 
other ;  the  siie  of  fite  ahort  rout  Iviiig  always  in  direct  relation  tii  that  of  the  gfiBtfinB,  uA 
the  gan^jliiin  being  Rmnctiisee  a  aeru  awellio);  un  the  trunk  of  the  nerre. 

3.  Thfl  tjiiro?  dcrivt'd  fmiu  the  5th  pair  do  not  termiiuiM  iu  the  gui^Uaiif  birt  ^MVA- 
warda  through  it  Ui  the  cili/iry  ploKus, 

4.  In  the  Babbit,  the  iria  receives  fibres  fruoi  the  6th  pair  which  do  not  paiB  tlina|;k 
Uie  gangtiaii ;  oud  it  ia  tliruoi^b  this  tlmt  tiie  contracdnn  of  the  pu]ii1  u  iirodnoeil  ia  UM 
animul  tiy  irritatloD  of  the  Gth  [loir,  which  will  not  produce  any  elTeol  upon  the  foyii  </ 
the  Dog,  Gat,  or  Pigeoii,  >o  long  at  it  does  not  ntTect  the  btnia  to  the  extent  iif  iiiaJuUf 
vertigo,  nor  affect  tlic  visual  aooao  in  any  other  wny- 

5.  Irritation  of  tho  ,'ith  nurve  duea  not  in  any  animal  affect  the  jurtion  nf  tlio  Iru,  ^AcP 
the  division  of  the  cerelirat  conuectious  of  all  the  other  ocuIat  nerves;  (o  thai  its  liirtiMMI 
over  tlie  movcinent^  of  the  iria  mnst  be  reflected  throogb  tlifr  encephalic  ocutiOH  on* 
through  tLe  ophthalmic  gangUon. 

(!.  T)iu  fundi,!!  of  the  ganglionic  centre  iteelf,  is  a  part  of  the  SymtalliMic  ffMBB. 
BeeniH  to  be  to  briag  the  'organic  actiona'  of  the  eyeliall,  especially  its  aapply  vf  UuL 
into  hannuny  with  its  fuudjoual  nativity;  this  harmony  heing  pniducfld  b;  tli>  |ia^^  rf 
tliif  d^rcihro-Biiin.il  ncrvea  through  the  ganglion,  which  eicifaw  tha  i^iuigeliig  anm « (k 
nwn  veaicles  and  narve-lihrea. 
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403,   Tho    Third,    Fourth,    and   Sixth   pairs,   together   make-up    the 
appamtUFj  of  motor  nervt-s,  by  which  tho  muscles  of  the  Orbit  art-  calli^d 
into  action-     The  3H  (Kiir  HU|>i>iio8  the  greater  number  of  tho  musclea; 
the  4th   being  coniincd  to  the  Superior  Oblique,  and  the  6th  to  the* 
External  Rectus.     Of  these  nerves^  the  3rd  pair  is  the  only  one  which 
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Thfl  flTiTPP"  ^ff\*  Of  hit  "wn  fn>ni  ihooufpriMp:— 1.  Sft'Uon  of  tbe  JroDUl  fioDp;  imme- 
iliBtpTr  beliiml  thi*  Tiunicril  \b  \hr-  frurtlol  (unua,  and,  in  (V<nit,  Iho  inlfifiiQieDl.  2.  The  topt^nor 
nuiilliiry  hono  \  Ihi?  4rL<l>ou  rn  rmul  uF  tbc  E]unt4>r]iJ  ci)iLTji{9  lhi<  aiiuilLirv  qirtnn,  Z.  Pul  I'f 
Ihs  fph^otd  bonp.  4.  The  l^arur  pnl^i^brd^  auJ  suwrior  irtturt  inim>-LpB.  fi.  TliP  superior 
uUtqofl  moflde-  R.  Tbp  infi-nor  oMiqnrt  niu>itk\  1.  Tbo  hm-uLht  holT  tff  ibfl  cil^m*^  rtx^tiu 
■Btudednwn  forwu-ds.  i^.  Thporl^iljil  balf  nr  Ih^  pilvrnml  rwlUiB  diukIo  turcfd  donuwarda. 
On  this  mnulf  Ib^  giiLli  DrfTD  iv  nepn  dividing  tnl*]  bro/ichpfl.  b-  Thp  inC^n'kT  rn-'iui  miincld. 
10.  Thf  optic  nprro.  II.  Thp  JnTt^miil  ('imtid  nrlrrj'  mft^Ei^  t>i>m  iSc  cftTpmoui  aiDua, 
18.  Tb«  upbihslniJc- artpry,  13.  Thv  ihtrd  nrr=r*.  IL  Tbr  trsDcb  of  Ihi*  t^iLrd  non*  U-Xht 
infpri"r  '}btiqui>  mnHE^,  Dntvceeo  This  (ind  ilir  lirth  rtrre  (8J  is  »«a  ihp  brnnob  whicb  aiip. 
pLi«A  (be  mf^nor  m'Tnn ;  ilq  liFHikrh  |4i  ihn  ciphthiilniii^  £&D|rti4^n  ifl  aiva  |]ro<'piHbn['  fn^in  rbB 
aj^prrtiiip  ^iif  ih^  trunk  "f  tboD>'neH  *Ilbr  iHJtuim  iif  (ho  oT]tJlr  IB.  The  fourtb  DPrra.  lU.  Tha 
trunk  nf  tbp  nAh  norve.  IT,  Th^G»^«-niH]  ^nj^Uorir  It*.  Tbo  ri|>b1lia1iuii- nrno-  19,  Tho 
tuperinr  mnEiUBTf  rpno.  30.  The  infrrioT  mikuEluT  dptvp.  21.  Tho  rmnTid  nprrc.  23.  Ita 
dmdJ'in  inTx  VruiLrlip*  lo  HTipplv  (he  iiitf^miiPDi  tX  IKp  f'jr^'hf  kd.  ^.  The  iiu'bryiijiiE  tiptop. 
M,  The  iLHiJil  "iHrrpi  lh<'  snjKU  h^tp  ap*n  io  \ho  biTumtinD  of  ihp  nnaal  hfld  rn^uTiU  Tiervfl,  ia 
finv  'rr(ho  bnTirh^^ji  r>f  th^  Dpppr  nlif  jainn  i-fdio  ihini  npr'io.  JJ>,  Tbo  no^al  n^no  n«iiiiia  o^er 
(be  inU^i^iBt  recJui  iniirhli'  lu  Wio  rinlcririr  pdnuDrdol  fi'mmpn.  20.  Tbp  mfrd-ln'cTdptir  in'np. 
S7.  A  li'^ni;  E'lbnrv  bni/i<:h  Ltffhp  nKnal^  liunih^r  V'ny.  r'JIutrv  tprniicb  ia  B<vn  pn-i'r'pdiiiL,'  fn^ut  iho 
luwcr  iu'[i.i"t  iTlbp  iipno.  2rt.  Thi»  louj  rool  of  Ibi*  upbl.bulnijc  lEuD^bird,  proctpitint;  fnun  Ihe 
dahL  iicm*.  bid  tr-vcj^iuff  ll>e  ^^-^lp^l^bp(ip  ro^tt  wlikb  jf-infl  it  At  An  ft<-q1«  ad^Ii--  Zfl.  Th** 
opS(hM]rz]iu  ^Kn^liiin,  giving  ulT  fri'iu  iM  funvpBrt  (bp  qhuii  <?diuy  iinrp*^    30.  Tbp  globe  of 

cxiubits  any  appearance  of  sensibility,  when  its  trunk  is  irritated;  but 
this  sensibility  la  Dot  nearly  ^o  great  as  that  of  the  5th  pair;  and  as 
thei-e  is  no  reason  to  believe  that  it  is  really  possessed  by  the  3rd  in 
virtue  of  its  direct  connection  witli  the  nervous  centres,  it  is  probably 
imparted  by  the  anjistomosis  of  that  nerve  with  the  Sth^ — some  hlamcnta 
of  which  may  pa^s  backwards  as  well  as  forwanlSf  so  as  to  confer  scuai* 
bility  on  the  trunk  of  the  3nl,  above  as  well  as  beyond  their  point  of 
entnmce, — The  |rt!culiar  mode  in  which  those  motor  nerves  ordinarily 
excite  the  muscles  to  action,  under  the  guidance  of  the  visual  sense, 
will  be  considered  in  the  next  Section  (^§  5'12,  5\^).  Altiiough  com- 
monly ranked  as  cephalic  uerven,  they  have  no  direct  connection  with 
the  Cerebrum;  their  real  origin  Ijcingfrom  the  upper  part  of  the  Spinal 
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Axis  (5  490).  The  roots  of  the  'Anl  pnir  nrny  bo  tmnil  uito  lUnd  I 
toiuiectiou  witli  tLi?  Corpora  Quadrigemina ;  a  tact  of  coondeaUt] 
physiological  impoitance,  as  will  liercatWr  appear. — The  chief  i 
of  a  purely-re/fej:  nature  to  -which  this  group  of  nerves  onliawil^rl 
minigters,  are  the  govemnient  of  the  diameter  of  the  |>ii{iil.  which  b 
Bccomplbhed  throuj|;h  tlie  Third  jtairj  and  the  roUIng  of  Uie  <iyviMH-, 
beneath  the  upper  Ud  during  sk-ep,  as  well  as  in  the  eftbrts  of 
Doughing,  ibc.  But  irregular  iiioveuiuats  of  the  erebiJls,  wlileh 
be  referred  to  the  aaniu  group,  are  contijiuaJly  seen  to  acoompanjr  vnrioial 
abnormal  forms  of  convulsive  action. 

494.  The  J'orlui  Ihira  of  the  SeveiUlt  pair,  or  Facial  nerve,  hv>  Imm] 
naually  coDaidei-ed.aubBequeDtly  to  the  researches  of  Sir  C.  Bell,  u  a  tMfTal 

Pin.  SS. 


oen^.  eacmitioe  trvai  lb,.?  fltTlu.TUBSl4>id  fiyTntwn,  ami  4-n#iii]L|:  lllp  rmmua  i>f  Ihe  Uiim  }tm.  (W 
parotid  gltuni  hu  Krvii  ninri^viHl  in  ariiiT  Ut  ahi>ir  Ihe  nervo  more  liiillncUy.  t-  Thp  p.-Mf^i* 
Auricular  hruch;  IZia  di^'Hlrii!  hnd  elTk^-iniuli^i,!  Wlsnicil*  *rv  ««n  ne*r  dir  oriiriii  irfllii 
bnocb_  i.  TemponL  trujuhi^,  vomniuntcalLng  wilh  (11  Ikif  HnnfbH  oT  Itvf  fpnbl  t^rvc. 
£,  Facial  brancbcB.  coTumDniuiiliiig  MitL  (J!)  Ihi>  infrB-'trltilhl  nrTVr.  7.  Facial  lirabcbn,  tfOA- 
tDuninidfli|  Mllb  {Si  Ihe  mental  lif^rv^.     9.  CtM-vicn-riLcial  Itmichei,  LMTnnnnuca^riA  D^li  114t) 

tiibutloa  af  tbe  Ifranclm  of  tbi-  ISwiiJ  in  d  m'hHUtl  ilinvlirpn  ,tTf>t  thf*  tide  of  rbo  Atf*.  oofr 
■Htatcfl  tbf  pea  aDwrinDB.  13.  Thp  auri<--iLlnriM  ina^nup  nene,  one  of  Ihe  aafvniline  hrasrhaa 
of  tbciprviGA^  pingt-  1^,  TKp  4X'<^piEAtio  micor,  a>iivm1ili£  alnng  Ihc  poa1«not  bonW 'if  tW 
■tcmo-iua*lui(tEnasole.  11.  Tlipqcprra^^ia]  nnddcepdcwcndingbnuu'hcBorilivcerTiflk]  plaina 
U,  Tbe  Biiiiial  uccwrirr  oenf.  pFiDg-uB'a  brauch  lo  tbe  ruenmJ  furfaiVDf  thclniavaa 
mmda.    Ifl.  TbBwcnpilalia  major  oerrc,  Ibr  poalcnaT  branch  of  tha  ■bcoikJ  c«nKal  asm. 

of  motion  only;  but  some  physiologista  have  maintained,  that  it  bothi 
Besses  senaoiy  eiiilownients,  and  arises  by  a  double  root.  Acconling 
Valentin,  however,  who  has  exiieriaientcd  on  the  roots  exposed  iritbia 
the  craniuni,  it  poasesses  no  sen soiy  endowments  at  its  origiu;  dnm 
when  these  rootn  were  touched,  the  animals  gave  no  signs  of  pnio,  tlwiigb 
violent  muscular  movements  wore  excited  in  the  fkca     Subeequentlf  to 
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ite  first  entrance  into  the  «u)al  by  which  it  emerges,  however,  it  aiioato- 

moses  wilh  otlier  nenia;  anil  thus  tifiitnor;/  fibres  aro  introdiici-d  into  it 
from  mnny  dilJerent  nourccs  (aiit^noily  from  tlio  5th  [laar.  and  [loatiTJorly 
from  the  ceiTical  nerves),  which  oause  irritation  of  atvtnil  of  its  branchca 
to  produce  pain.  The  uumber  luid  aitTiation  of  the  annstomosfs  vary  much 
in  difibreut  luiimalB ;  so  tliiit  it  is  impoBsiblc  to  make  any  very  compre- 
heusivi!  statement  in  regard  to  tliem. — Experimental  itiaearches  leave  no 
doubt  that  the  Portio  Dura  is  the  t/eiieral  molur  nerve  of  the  face; 
ministering  to  the  inlluence  of  Volition  a.nd  of  Emotion,  and  also  being 
tho  olianncl  of  the  reflex  movements  concernmi  in  respiration,  as  of  other 
automatic  actions  of  the  muscles ;  but  not  being  in.  tlic  least  ooneemed 
In  the  act  of  niaatication. 

49,1.  Although  the  functions  of  the  Glusmi-Pluirynt/eal  nerve  have  been 
heretofore  olluded-to  in  part,  several  questions  BtUl  remain  to  be 
diacnssed  in  regai'd  to  theni.  Reasons  have  been  given  for  the  Iielio^ 
that  it  is  chiefly  im  aft'ereut  nerve, — scarcely  having  any  dirert  jiower  of 
exciting  uiuscuhir  contniclion,  hut  conveying  inipres,iions  to  the  Medulla 
Oblongata,  which  produce  reflej:  movenienta  of  the  niiitor  nerves  con- 
cerned in  deglutition  (§  81),  This  view  of  its  fiuiction  was  deduced  by 
Dr.  J.  Reid  from  uiinute  aniitomical  investigation,  and  from  u  large 
number  of  experiments.  Some  exiwrimentere  assert,  that  they  have 
micceeded  in  exciting  direct  muscular  actions  through  its  trunk;  but 
these  actious  seem  to  be  limited  to  the  stylo-pLaryugei  and  palato- 
gloui  muscles. — Much  controversy  has  taken  place  ou  the  (juestioii, 
whether  this  nerve  is  to  be  regarded  as  ministering,  fiartly  or  eRclasively, 
to  the  sense  of  Taste  ;  and  many  high  authoritie^s  have  niingi>d  tliem- 
aelves  on  each  side.  The  question  involves  that  of  the  function  of  the 
LingiuU  branch  of  the  5th  jiair;  and  it  in  jmrtly  to  be  lienidcd  by  the 
wiatomiwil  relations  of  the  two  nerves  respectively.  The  Glosao-pbaryn- 
geal  isprinci[)ally  distributed  on  the  uucoiia  surface  of  the  tauces,  and  on 
the  baclc  of  the  tongue;  but  according  to  Valentin,  it  sends  a  branch 
forwards,  on  either  side,  somewlmt  beneath  the  lateral  margin,  which 
mipplies  the  edges  and  inferior  aui'face  of  the  tip  of  the  tongue,  and 
inosculates  with  the  Ungual  branch  of  the  5th.  On  the  other  hajid,  the 
upfier  surface  of  the  front  of  the  tongue  is  supplied  hy  this  Lingual 
branch.  The  ex])erimeiits  of  Dr.  Alcock,  whose  conclusionB  are  borne 
out  by  Dr.  J.  Keid.  decidedly  support  the  conclusion,  tliat  tho  gustotive 
eenaibility  of  Cliin  piirt  of  the  tongue  is  chiefly  due  to  the  latter  nerve, 
being  evidently  impaired  by  division  of  it.  On  the  other  lutnd,  it  is 
equally  certain,  that  tho  sense  of  taat«  is  not  destroyed  by  section  of  tho 
lingual  nerve  on  each  side  ;  and  it  seems  also  well  ascertjiiiicd,  that  it  is 
impaired  by  section  of  the  Glosso-pharyugcal  nerve. — The  pathological 
evidence  bearing  ujon  this  ^mint  api)eare  somewlmt  contradictory, 
Nuroeiijus  cases  have  been  recorded,*  in  which  both  common  and  gus- 
tative  sensation  were  destroyed  in  the  parts  of  tho  tongue  supjilied  by 
the  5th  pair,  when  that  nerve  was  paralysed ;  in  some  of  these,  the  loss 
of  the  sense  of  (jiste  apjieared  to  extend  itself  to  the  base  of  the  tongue, 
but  than  there  was  evidence  that  the  Glosao-phatyngeal  was  involved  in 

•  See  eaj.ti;ij(l!j  lliecwes  recuriW  Ij.u  Rinnlierg,  in  "Mullor'a  Arohiv,"  1838,  hefliil; 
T'ld.l  iuiil  liuwiuan.  in  "  Plijaiuliieical  A  nsliiiny,"  vol,  i,  p,  44B;  unil  Kxiin,  in  "  Med. 
Chir.  Trjina.,"  Tul.  ixTiii. 
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the  paralysis.     On  tbe  other  baud,  ciiae§  of  poralj-sia  of  the  filh  fair  u* 
pjH.  98.  related  hj  Mr.  Noble  and  by  \<^' 

in  -which  common  Beosation  vw  Icm^ 
whilst  the  sense  of  taste  imiitivJ 
in  the  same  parts;   and  Mf.  NoUt 
relates  another  case,t  in  whiob  1 
waa  losa  of  taste  without  imp 
of  comiQoa  sensBtion.     The 
Mr.  Noblo  and  Vngt  would  Ken 
indicate  that  the  5th  p«ur  dow  i 
miuister  to  the  aenw  of  Taste; 
«fl   Dr.  J.  Eoid  baa  justly  ob 
we  have  no  evideiiOB  Ihnt  aU  tbe  I 
mcnta  of  the  fifth  Pair  sent  to  I 
tougiie  were  affected  ;   and  timv  i 
beliuYixl  to  be  no  case  on  nooti^i 
wlii[;li  the  whole  of  the  5th  pair,  ( 
of  its  3rd  branch,  was  found  to  ^ 
discnstid  after  death,  hikI    in 
during  life   the  sense  of  Tnstr 
be«n  retained    in  the  antenor 
middle  parts  of  the  tonguo,     Hn 
these   cases  only  serve   to   h 
what  is  probable  en  other  ^ 
viz.,  that  the  filanieuts  which  i 
guatative    impi'esaions   are   not 
same  with   those    that   mini*ter 
common   sensation. — On  Lin?  wh 
then,  it  seems  to  be  proved  by  i 
mical  and  experimental  eTideiioe,! 
both  the  Gloaso-pharyngeal  uiil  ' 
Fifth  pair  minister  alike  to  the 
and  to  the  giistative  sense ;  i 
b   nothing  in  the  patholo^cal' 
just  noticed,   that  militates 
tliis  concluiuon.     Ther<e  socms 
reaaon  to  believe  the  Glosti>]il 
geal    to    bo   exclusively   the 
thi-ough  wiiloh  the  imnre^ona  j 

[ID     BDU    4UHLri4P1|LI4<U    f»|     UIO    DIMM    X'CUr  Oil  1.  ||  ,  '  , 

I.— 1.  a,  1.  Tbp  Mtiiaii.  i:i>Jt,Tii.^i«  1.  Ths    liy  flisugreeabje  snlMtanccB  taken  wi 

the   mouth    are   propagated  to 
Medulla  Oblongata,  so  us  to  prodn 
miusmi  and  to  (•.■scit«  effui-ta  to ' 

490.  Tbe  functions  of  the  tnramt-^ 
gastric  nerve  at  its  tooU  iiavet<«« 
made  the  subject  of  partiaular  «d>- 


Ori|in  ud  distrhotinn  nf  Uig  'EigUk  Pair  of 


Oorpv  f^mmiilHlfi  ot  emu  viHi>,  3.  Tbp  Curpui 
OSnn,  4.TlHiCnr]iiii  K<iilif.imii>.  II.  Thn  I'mn 
Vwolii.  a.  Thf  Fwinl  liiifH'.  «.  TheonVin  ol' 
the  GlaaKj-pti-innfifiil  nurvp,  7.  TTn-  piii^Lijjn  <if 
Andprauh.    fi.  Thi.'  tniiik  nf  Ihr  iiprv",    ii,  Ths 

tfumtig^trip  uvr\f,  n,  Iti  j*l»'iili-nii  i.iniL:t]ijfL 
11-  lln  tnink.  IH.  Ila  jihaiyngpnl  }irAELL-[i  CiiniiiiiLf 

from  the  gloHo-pbarTnLT'^  f^)  4Dd  one  IVitDi 


iha  lupenor  larvnucul  nprvp  (16).    16,  cuiiiM  mutation  by  various  exi>enmm«B: 

fcnmnhp*,     17.  tfp.nrrpQI  lin-nHPJil  l>n.bi'h.     IS. -  __/  ,-        .        I"""*"" 

ATiiPri"rpiiin...n»fj)ir»Di:bp..  iH.  Pisn-riurpni-  *>mo  Of  wbom  (for  uutanoe,  Vauii- 

G«tirioh™ioliM.   aa.  Origiuoflhe  S|i/iihI  AcT;pil-  •  "  M«li™.l  rtmnlt.  "  IV*    IK    \VU.  tmJl 

lajBtnt.    «3.  Ita  bBHBh«ilii.lnl)iilcd  l.,lhP  ,,  „..,rj.     J?^,'.™  "•''**■  " 

■lmni>.ii»moid  raoMle.    U.  EK  htuclinKiilir  Muliur'n  Archiv,,     1840,  p.  TS. 

tf^foiu  mUKlc.  +  "  Medical  llniclto,"  Nixr.  SI,  IfSS. 
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tin,  Longet,  and  Morgnnti)  hnve  concludwi  th.it  it  tliere  poasHisBcs  no 
motor  power,  but  is  entirely  n  sensory  or  rather  an  afferent  nerve. 
Accoi'ding  to  these,  if  the  roote  be  carefiilly  separated  frora  those  of 
the  Gloaao- Pharyngeal,  and  (whieh  is  a  matter  of  some  difficulty)  from 
those  of  the  Spinal  Accessory  nerve,  and  be  tben  irritat*d,  no  move- 
ments of  the  organs  supplied  by  it«  trunk  can  be  observed:   whilst, 
if  tbe  roots  be  irritated  when  in  connection  with  the  nervous  centres, 
inuHcular  oontractiona,  evidc-nUy  of  a  reflex  cJianirter,  reaiilt  from  the 
irritatjon;  and  strong  evidences  of  their  Henaihililj  are  also  given.     It 
has  been  fnrtlier  asserted  that,  when  the  root*  of  the  Spinal  Accessory 
nerve  are  irritated,  no  iudioitions  of  sensation   are  given;   but   that 
the  muscular  jiartei  supplied  by  the  Fueumogiistrie,  as  well  as   by  its 
own  ti'unk,  are  made  to  contract,  even  when  the  roots  are   separated 
from  the  nervous  centres;  so  that  these  roots  must  be  regarded  as  the 
channel  of  the  nmtor  infiuence,  transmitted  to  thein  from  the  Medulla 
Oblongata.      Where  the    Pneumogastric  swells  into  the  jugular  gan- 
glion, an  interchange  of  fibres  takes  place  between  it  and  the  S]iinal 
Aceessory;  and  it  seema  clear  that  the  pharyngeal  branches,  which  are 
juuuiig  the  most  decidedly  motor  of  all  those  given-off  fi'om  the  Pncumo- 
^istric,  may  in  great  jMirt  be  traced  backwai'ds  into  the  Sjiiiial  Accessory. 
— But,  on  the  other  hand,  an  equally  numerous  and  trustworthy  set  of 
oxperimeutent  (among  whom  may  bo  mentioned  J.  Reid,  Miiller,  Volk- 
roann,  Stilling,  Wagner,  and  Bernard)  are  opposed  to  this  opinion; 
maintaining  that  the  Fneumognfltrie  has  motor  roots  of  its  own;  and 
affirming  that  irritation  of  the  roots  of  the  Spinal  Accessory  prodiicea 
little  or  no  f  ifect  on  the  muscles  supplied  by  the  trunk  of  the  Par  Vagum. 
— The  fact  appears  to  be,  that  the  roots  of  these  two  nerves  are  ao 
oomndngled,  that  it  is  difficult  to  say  what  belong  exclusively  to  each. 
Some  of  the  librea  usuidly  considered  to  belong  to  the  Spinal  Accessory, 
are  occasionally  seen  to  connect  themselves  with  tbe  roots  of  the  Pnou- 
mogaatric,  even  before  the  ganglion  is  found  u[>on  it     And  it  seems  most 
pnibablc,  that  while  the  roots  of  the  S|iinal  Accessory  are  entirely  motor, 
those  of  the  Pneumogiistric  are  rhifJJy  affei'ent;    that  they  inosculate 
with  each  other,  in  a  degii*  which  may  vary  in  different  species,  and 
even  in    rlifferent  individuals ;    and   that   the   Pneumogastric  may  thus 
derive  additionid  tnotor  fibres  from  the  Sjiinal  Accessory,  whilst  it  sup- 
pliee   that   nerve  with  idi'erent  fibres.      Further,  it   appears    probable, 
from  the  researches  of  &L  CI.  Bernard,  to  be  presently  noticed  (§  498), 
that  the  motor  tibi'ca   properly  belonging  to  the  Pneumogastric  are 
atlequale  to  the  regulation  of  those  movements  of  the  larynx  and  other 
jiortions  of  the  air-passages,  which  are  concerned  in  the  passive  act  of 
Respiration. 

497.  There  can  be  no  doubt  that  tlio  trunk  of  the  Pnoimiogaatric  is  to 
be  considered  as  a  nerve  of  double  endowments;  although  it  is  certain 
that  ihesi!  endowments  are  very  ditferently  distributed  amongst  its 
branches.  That  the  nerve  ts  capable  of  conveying  those  impressions, 
which  become  setiaaiiinia  when  communicated  to  the  aensorium,  is  experi- 
uientolly  proved  by  the  fact,  tliat,  when  its  trunk  is  pinched,  the  animal 
gives  signs  of  acute  jiain :  but  it  is  also  evident  from  the  painfiil  eon- 
soiousnesa  we  occasionally  have,  of  an  abnormal  condition  of  the  organs 
wtiioh  it  supplies,     Thus,  the  suspension  of  the  respiratory  movements 


17B 


PUSCnOlfB  OF  TBE  CEBEBSO-SpniAt  KEnTOtTB   BYVTEIt. 


gives  nae  to  a  feeliiig  of  the  greatest  uneit^iie^  nliicli  must  \ie  <xal 
by  imprt-aaiona  convoyed  tlirough  this  nerve  from  the  luiigs;  uid 
iiifliinu'd  state  of  the  walls  of  the  air-passagus  causes  the  couini^  1/ 
ami  dry  nir  to  produce  disti-essing  iMiin  and  iiritalion :  yet  of  the  ui 
inipruasious   eouveywl   from  these   organs,  which   are  coaccnied  in 
duoiag  the  res])iratoiy  movements,  and  in  regulating  the  notioitf  of 
glottis,  we  are  not  conadoua.     The  sarae  miiy  be  miiii  of  the  jwrtios 
the  nerve  JiBtributefl  upon  the  aliaieutary  tube;   for  the  (i 
branches  ai-o  almost  exdusively  motor,  the  allereut  funrtiun 
tbmied  by  the  Glosso-pharyngcal ;  whilst  the  trsophogeal  and 
both  allereut  and  motor,  conveying  imprensions  which  excite  nSex 
meats  in  the  muscles  of  those  pai'ts,  but  which  do  not  bccoiii<< 
exeejit  uuder  extrn<>rdiimry  circum8l.iiiei>s.^The  portii'ipatioo 
nerve  in  the  operatinns  of  Deglutition,  Digestion,  Cii-ciilattou,  oiid 
ration,  and  the  olibct^  of  injury  to  its  trunk  or  btnuebe^  have 
been  considered  in  tlie  iiccouut  of  those  fiinctiomt. 

498.   In   regard   t«  the  functions  of  the  Spinjd  Aeixgairrj/  ttfrtti, 
there  ha«  lieen  great  difference  of  opinion  :  the  peculiarity  of  it»  .iri| 
and  course  having  led  to  the  belief,  thtit  somo  very  es]>ecJal  purjnw 
tinswered  by  it.     The  roots  of  this  nerve  arise  from  the  side  of  ilw 
Oord,  08  low   down   as   the  5th   or   0th  cervical  nerve;  and   thn  t 
formed  by  them  aacenila  into  the  cranium  between   the  anterior 
posterior  roots  of  the  spinal  nerves.     From  the  recent  nwcWircho*  of 
J,  L.  Clarke*  it  appears  thai  these  roots  may  be  traced  into 
tiiict  of  vesicular  matter,  which  deacetiils  as  fiir  aa  the  luffib«r 
ment.     The  preiloin  inane*  of  motor  fibres  in  its  roots,  its  iaoecQi 
with  the  Pneumogiistric,  and  its  probable  recejition  of  sensory  tibrr* 
the  latter,  whilst  imparting  to  it  motor  tilaments,  have  been  al 
referred-to  (§  4!)6).      As  its  trunk  passes  through  the  IbrnjneD 
it  divides  into  two  branches;  of  wlJch  the  internal,  after giving-ol 
filaments  that  assist  in  forming  the  pharyngeal  branch  of  the  I'ne 
gastric,  becomes  incorporated  with  the  tmnk  of  tliat  nerve;  whilut 
external  proceeda  outwards,  and  is  finally  distributed  to  the  st«mo-o|i 
mastoidcus  and  trapezius  muscles,  aome  of  its  lilaminits  inoactilating 
those  of  the   cervical  plexus.      When   the  external  bi-anob   is  irri' 
before  it  perforates  the  stemo-mastoid  muscle,  vigorous  eonmlsivp 
menta  of  that  muscle  and  of  the  trapezius  ore  produced  ;  aod  the  aoiinal 
does  not  give  any  signs  of  pain,  unless  the  nerve  ho  firmly  c.>inp 
between  the  forcejs,  or  he  included  in  a  tight  ligature.      Hence  il  roar 
inferred,  that  the  functions  of  this  nerve  are  chiefly  motor,  and  OaX  i 
sensory  filaments  are  few  in  number.      Further,  when  the  nerve  ba* 
cut-across,  or  firmly  tied,  in-itation  of  the  lower  end  is  attended  by 
same  convulsive  movements  of  the  muscles :  whilst  irritation  of  the  vpftt 
end  in  connection  with  the  spinal  cord,  is  unattended  with  any  mutciUtf 
movement.     Hence  it  is  clear  that  the  motions  occasioned  by  iiritalini 
it  are  of  a  direct,  not  of  a  reflex  character.      The  same  nmsculAT  mu' 
ments  are  observed  on  irritating  the  nerve  in  the  recently-killed  aiunial, 
as  during  life — According  to  Sir  C.  Bell,  the  Spinal  Aocessorj-  it 
purely  Respiratory  nerve,  whose  office  it  is  to  excite  the  invcdantatr 
automatic  movements  of  the  muscles  it  supplies,  which  share  in  tlie  act 

*  " FhiloHopitical  TnmucUoQs,"  I8fil,  p,  613. 
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of  respii-ation ;  aiid  he  stutes  thttt  the  divisiuu  of  it  paralysen,  as  muscles 
of  re8|nRition,  the  muscles  to  which  it  is  distributed ;  though  they  atiU 
perform  the  voluntary  movenienta,  through  the  medium  of  the  Hpinal 
nerves.  Both  Valentin  and  Dr.  J.  Reid,  howevei',  poaitivuly  deny  that 
this  is  llie  case;  and  Dr.  Reid's  methml  of  experimenting  was  well 
adapted  lo  test  tho  truth  of  the  assertion,*'  The  functions  of  thi'i  nerve 
hnve  heen  made  tho  subject  of  special  enamiuation  by  M.  01.  Bernard  ;+ 
who  has  arrived  at  the  conclusion  that  the  Spinal  Accessory  is  a  purely 
motor  nerve,  whose  action  is  not  essential  to  the  ordiiiary  movements  of 
respiration,  these  being  provided-for  by  the  Pueimjognatric  and  ordinary 
Spinal  nei'vea;  but  that  its  special  function  is  to  bring  the  respiratory 
movements  into  accordance  with  the  reqnu-cmente  of  Animal  life,  a<lapl- 
jng  the  actions  of  tho  niuaclos  of  the  larynx  and  thorax  to  the  pi-odnction 
of  voice,  or  to  genend  muscular  effort.  The  internal  bi-auch,  which  is 
specially  distributee!,  with  the  fibres  of  the  Pneumogasti'ie,  to  the  pharynx 
and  larynx,  is  i>eculiarly  subservient  to  the  former  of  these  purpoaea; 
and  the  external  to  the  latter.  Tltis  conclusion  is  sufficiently  in  accord- 
ance with  the  reaulta  obtained  liy  other  eipeiimenters,  to  be  received  aa 
a  probable  explanation  of  the  facts  wliieli  have  been  observed  by  them. 

199.  The  ilypwjloeeal  nerve,  or  Motor  Lingva,  is  the  only  one  which, 
in  the  regular  order,  now  remains  to  be  considered.  That  the  distribntion 
of  this  nerve  is  restricted  to  the  muscles  of  the  tongue,  w  n  point  very 
esaily  eatalilislied  by  anatomical  research  ;  and  accoi-dingly  we  find  that, 
long  before  the  time  ol'  Sir  C.  Bell,  Willis  liad  spoken  of  it  as  the  nerve 
of  the  motiou.<)  of  articulation,  whilst  to  the  Lingual  branch  of  the  ath 
pair  he  attributed  the  power  of  exercising  the  sense  of  taste;  and  he  dis- 
tinctly stated,  that  the  reason  of  this  organ  being  supplied  with  two 
nerves,  is  it«  double  ftinctiou.  Tho  inference  that  it  fa  chiefly,  if  not 
entirely,  a  wwtor  nerve,  wliich  has  been  founded  upon  its  anatomical  dis- 
tribution, is  sup|iorted  also  by  the  nature  of  its  origin,  which  is  usually 
from  a  single  root,  corresponding  to  the  anterior  root  of  the  Spinal  nerves. 
Experunent  shown  that,  when  tlie  tmnk  of  tLe  nerve  is  stretched,  pinched, 
or  galvanized,  violent  motions  of  the  whole  tongue,  even  to  its  tip,  are 
ocdutionetl  j  and  also,  that  similar  movomcnt.s  taim  place  after  division  of 
the  nerve,  when  the  cut  end  most  distiuit  from  the  brain  is  irritated.  In 
regard  to  the  degree  in  which  this  nerve  possesses  sensory  properties, 
there  i»  some  diflbi-ence  of  opinion  amongst  physiologist  a,  founded,  as  it 
would  seem,  on  a  variation  in  tliis  ojapect  between  diifercnt  animals. 
Indications  of  jmiu  are  usually  given,  when  the  trunk  is  irritated  after  its 
exit  fi'om  the  cmnium;  hut  thise  may  proceed  from  its  free  anastomosis 
with  the  cerviciU  nerves,  which  not  improbably  impart  sensory  fibres  to 
it.  But  in  some  Jllammalia.  the  hy]^>ngkis»;d  nerve  has  been  found  to 
poasen  a  small  posterior  root  with  a  ganglion ;  this  ia  the  eaae  in  the  Ox, 
and  also  in  the  Kabbitj  and  in  the  lattor  animal,  Valentin  states  that 

*  9t«  bb  "  Fhpiol.,  Patfaol.,  and  Annt.  RtKeatvlics,"  p.  151 ;  and  "  Eilliiti.  Med.  and 
Sorg.  Joum.,"  Jan.,  IflSS. 

t  'R»«hCTobia  E<jifrimedl»1e»  unr  leg  Ponetiong  du  Nerf  Spinal,'  in  "ArchisBgde 
H6decine,"  1S44. — This  Memoir.  linTiae  giunixl  U>e  priie  given  by  tliu  Acndimiu  du 
SdeOGealiiieipeTiint.'ntal  phynology  la  1940,  hubeen  printed  in  the  "  Rei'iii'il  deH^vaols 
ttrBocim,*'  t4>m,  xi.,  1S51 ;  and  the  author  fltalcq  that  «ini?o  the  first  pnblii?ati4'iD  of  hia 
THOftTohH,  b«  hu  mnfirmed  hii  origiiuLl  (Toncluaioni  by  tbo  ropetition  and  variation  of  hin 
experiiiieDl*. 
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the  two  tnmJcs  pnss-out  from  tlie  cranium  through  lepamte  onfici*,  ud  1 
that,  after  ttieir  exit,  one  may  be  Bhowii  to  be  sensory,  ftiiil  the  oUwr 
be  motor.     Hence,  this  nerve,  whiah  is  the  lowest  of  those  thiit  orig 
in  the  cephoiic  {irolongation  of  the  Hpiunl  cord  gener^ly  knuwii  mI 
medulln  oblongata,  approaches  very  closely  in  some  Aniiuala  to  iliri 
typo  of  the  qiinal  nervea ;  and  though  in  Man  it  still  manifcsUi  ftn  ir 
larity,  in  having  onJy  a  single  root,  yet  this  irregularity  is  ofUrn 
by  the  tirat  cervical  nerve,  which  also  has  soniotiuies  ao  tuib-rior  i 
only.- — ^The  Hypoglossal  nei-ve  is  (lietribiital  not  merely   to  thi- 
but  to  the  muaolos  of  the  neck  which  are  concerned  in  the  tuove 
the  larynx;  and  the  pui'jKJse  of  this  distribution  ia  probably  to 
them  iu  those  actions,  which  (ire  ncceaaary  for  articulate  speech. 
all  the  motions  of  the  tongue  are  [wrformcd  through  the  mediiim  i 
nerve,  yet  it  would  apjK'ar,  from  pathological  phenomcnA,  to  Imtv 
least  two  distinct  connections  with  the  nervous  ircntres;  for  in 
caaes  of  paralysis,  the  masticatory  movements  of  the  tongne  ure  I 
affected,  whent  he  power  of  articulation  is  much  injured  or 
stroyed;  and  the  converse  may  be  occasionally  noticed     Wlieii  thiai 
ia  paralysed  on  one  aide,  in  hemiplegia,  it  will  be  generally  obnn-ocl  1 
the  tongue,  when  the  patient  is  directed  to  put  it  out,  is  ptiye 
towards  the  palsied  aide  of  the  fiice :  this  is  due  to  the  want  of  i    '  " 
the  lingual  muscles  of  that  side,  which  do  not  aid  in  pughiog-for 
tip;  the  point  is  consequently  direct«d  only  by  the  muscles  of  tlu^ 
side,  which  will  not  act  in  a  straight  direction,  when  iinantagMuaod 
their  fellows.     It  is  a  curious  fact,  however,  that  the  Hypoglossal 
accma  not  to  be  always  palsied  on  the  same  ^de  with  the  Kactal,  I 
sometimes  on  the  other,     Tliis  has  been  suggested  to  be  duo  to  thet 
nation  of  the  roots  of  this  nerve  from  near  the  point  at  wliicU 
pyramids  of  the  medulla  oblongata  decussate,  so  that  some  of  its 
come-off,  like  those  of  the  spinal  nerves,  without  croaaing,  whilst 
are  transmitted  to  the  opposite  side,  like  those  of  the  hi^cr  c<^h 
narves;  and  the  cause  of  paratysb  may  affect  one  or  other  of  tbcav 
more  particularly.     Whatever  may  be  the  validity  of  this  exph 
the  ciroimjstance  is  an  interesting  one  and  well  worthy  of  attoution.* 

500.   Tlie    gerieral    )ioinolo<i;/     of    the    Cephalic    nerves,     oon 
with  reference  to  the  ordinary  S})inal,  constitutes   a   study   of  ina 
interest      It  appears,  from  what  ha»  been  already   stated,    that 
Pneumogastric,  Spinal   Accessory,  Glosao- pharyngeal,  and    H* 
nerves,  may  bo  con-iidered  nearly  in  the  light  ef  ordinary  Spinkl 
They  all  tjjce  tlicir  origin  exclusively  iu  the  Uedidla  Oblongata; 
want  of  correspondeuce  in  position,  between  their  roots  and  thnso  i 
Spinal  nerves,  is  readily  aceounted-for,  by  the  alteration  in  tho  ilirPrtio 
of  the  columns  of  the  Spinal  conl,  which  not  only  deouaaate  laU'ndlr.  Im^ 
as  it  were,  antero-posteriorly  (§  480).      The  Hyjwglosaal,  as  just  8Ut(4l 
not  unfreqnently  possesses  a  sensory  in  addition  to  its  motor  rxiot    Tlni 

*  It  iDBT  be  qoeitioned,  howeTer,  vhether  tba  HyiHiglnn^  is  mllj  panl^Mt  ga  d> 
oppoQtfi  mdti  frvm  the  Padal  In  aach  cutia.  An  ijitiCftnoe  kua  beeii  cotanmaiokl^  t*lk* 
Aullior  t>/  Dt.  W.  IJudd.  iii  nhicb  Ibe  lijpoglnHsal  untB  «u  completely  (lirided  m  a> 
aiili;;  aiid  }st  tlie  tiip  of  Cbe  bmgue,  wbtiu  tbv  [iitieul  wbh  ilcelreJ  to  \-v\  ii  oul,  vwaMr 
times  dirorted  ffuni.  ami  iwuretiLue^  t'licitrdi  tbe  [>LLl&icd  sitle  i  ahoviog  tliiLt  th*  ttUtlff  ' 
either  htil  ore  Bufficicat  U>  give  uiy  required  direction  tu  the  whole. 
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Glosso-pharyngeal,  which  is  pTncipally  an  afferent  nerve,  has  a  small 
motor  riwt;  but  most  of  the  motor  fibres  which  nuswer  to  it  are  to  be 
found  in  the  PDOtimognatric.  That  the  Pneuinogaatric  and  Siiinitl  Ac- 
ceaHory  together  rtjiroaent  a  Spiual  nerve,  may  be  regarded  aa  jirobable 
from  what  has  been  already  said  of  tlieir  relations. — Leaving  these  nerves 
out  of  the  question,  therefore,  we  proceed  to  the  rest.  Coiu[iarative 
anatomy,  and  the  study  of  Embryonic  dovelopmont,  alike  aliow  that  the 
Spinal  Cord  and  Medulla  Oblongata  constitute  the  moHt  eRSential  part  of 
the  nervous  system  in  Yertebrata;  and  that  the  Cerebral  Heniisphiiree 
are  superadded,  a^  it  were,  to  this.  At  an  early  period  of  development, 
the  Encephalon  consists  chiefly  of  four  vesicles,  wlijch  correapond  with 
the  gftnglionic  enlargements  of  the  nervous  cord  of  the  Articulata,  luid 
mark  four  divisions  of  the  Cerebro-Spinal  axis;  and,  in  nccordauce  with 
this  view,  the  (.)atcologiHt  in  able  to  trace,  in  the  bones  of  the  cranium, 
the  same  elements  which  would  form  four  vertebiie,  in  a  much  expanded 
and  altered  condition.*  The  four  pairs  of  nerves  of  special  sensation, — 
Auditory,  Gustatory,  Optic,  and  Olfactory, — make  their  way  out  Ua-tnigk 
t.heae  four  cranial  vertebrte  respectively.  Atalater  period  of  development 
other  nerves  are  interposed  bftween  these ;  which,  being  inlsrotirlebrid,  are 
evidently  more  analogous  to  the  Spinal  nerves,  both  in  situation  and  fiuic- 
tion.  A  separation  of  the  primitive  fibres  of  these  takes  place,  however, 
during  the  progress  of  development,  so  thnt  their  distribution  ajipears  irre- 
gular. Thus  the  grejitcr  part  of  the  sensory  fibres  are  contained  in  the  large 
division  of  the  Trigeminus;  whilst  of  the  motor  fibres,  the  anterior  set 
chiefly  pass  forwards  as  the  Oculo-motor  and  Patheticua ;  and  of  the  pos- 
terior, some  form  the  small  division  of  the  Trigeminus,  and  others  unite 
with  the  first  pair  irom  the  Medulla  Oblongata  to  form  the  Facial.  This 
last  fact  explains  the  close  tuion,  which  is  found  in  Fishes  and  some 
Amphibia,  between  that  nerve  and  those  proceeding  more  directly  from 
the  Medulla  Oblongata.  According  to  Valentin,  the  Glosso-pharyngeal 
is  the  sensory  portion  of  the  first  [lair  from  the  Medulla  Oblougnto,  of 
which  the  motor  part  is  chiefly  comprehendwl  in  the  Facial  nerve. 
Altlioiigh  we  ai-e  nccustomed  to  consider  the  Fifth  pair  fl«  par  emiTuntee 
the  Spinal  ncr\'e  of  the  head,  the  foregoing  statements,  founded  upon  the 
history  of  devclopment,+ show  that  the  nerves  of  the  Orbit  really  belong  to 
its  niot«rjM)rtion;  they  may  consequently  1m3  regareled  aa  altogether  form- 
ing [he  jirsJ  of  the  intervertdtral  nerves  of  the  cranium.  The  Facial  and 
Glosso-pharyngeal  appear  to  constitute  the  aeeond;  whilst  the  Par  Vagum 
and  Sjiinal  Acoefflory,  forming  the  third  pair,  intervene  liotween  this  and 
the  tmo  Spinal,  of  which  the  Hyjioglossal  may  be  considered  as  the 
first. 

501.  Funetunis  of  l}ie  SpitMl  AaHs. — In  considering  the  5inctioiui  of  the 
Bpinnl  Cord,  we  have  to  regard  it  under  two  aa[ieets; — -in  the  first  jtloce, 
as  &cofuiuctor  of  nervous  force  between  the  Nervo-trunks  and  the  Ence- 
phalic centres ; — and  in  the  second  place,  as  iteelf  im  indepeiulmit  centre 
of  nervous  jwwer.  As  a  mere  ainductor  of  nervous  force,  its  functions 
ore  the  fiame  as  those  of  a  uerve-trunk ;  for  if  it  he  divided,  all  the  [uirta 
of  the  body  which  are  solely  supplied  by  nerves  eoming-off  below  the 

•  See  Prof.  Owen'i  "  Arcbetype  Skeletou  ;"  uid  the  Anthgr'a  "Princ.  of  Gen.  PhjB." 

+  On  ttiii  point,  as  well  u  on  Iho  funotiuni  of  the  Cepb&lii:  nerT<»  genersllj,  se«  PruT. 

Valentia  '*  Eh:  PnactionibuB  Nvrvorum  Curebmliuni  eb  Nti-vi  Sympalbid,"  Benur,  133S. 
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poiut  of  section  lire  completely  pnnilyzed,  as  fhr  as  regnrda  MSBUiiyl 
and  voluntaiy  mov^cmeut;  no  iinpr^sHiitna  made  \i|kiii  thcni  La<iii|llwJ 
]eSi!it  power  to  nSect  the  cooficioiigiieKs.  mid  no  exerliuii  'if  itie  villi 
able  to  determine  coatractiou  nf  their  musclen.  Tliis  s(jit«>  of  j 
which  iiiny  he  ex  peri  Dien  tally  induced  in  auimab,  is  freijueotly  vxi 
iu  Mtkn  lis  a  rmalt  of  iujuiy  or  of  disease  which  senoiislv  liupUa 
Spinal  Curd;  and  as  it  hiid  bi>cu  sliowu  that  amoug  tlio  liiwrr  i 
complete  reunion  of  the  Cord  may  take  place  after  complete  liii 
iiidieated  by  the  entire  restoration  of  its  fnucti-JDnJ  powers  luid 
plete  redintegration  of  its  structure,*  so  have  we  reo^oti  t<i  lieliitvol 
similar  regcueration  may  take  place  to  a  coaMderable  extent  in  .Mi 
being  marked  by  the  gradual  return  of  sensibiiity  and  p»werof  voli 
muvemeut  in  the  lower  IJmbs  wliieli  had  been  at  fir&t  cuuiplrtclyj 
lyKed.  This  rej^'enenitiim  ia  of  eoiu-ae  less  likely  to  ocvur  in 
disenae,  when  tho  parts  around  are  iu  an  unhealthy  state,  than  wb 
pandyais  in  due  to  injury,  which  all  the  restorative  powere  of  tJir  i 
ore  engaged  in  repairing;  but  it  ia  to  be  remembered,  tliat  as  thi-  iojn 
which  are  likely  to  caune  such  iLsions  of  the  Cord,  arv  nearl*  a]i 
attended  with  severe  cou<^ussiun  (it  being  very  mre  for  the  Cgrd  to 
aocideutally  wounded  by  the  peuetrattou  of  a  sharp  lustruuK^t 
the  vertebne,  in  the  mode  iu  which  es|iei-ijnents  are  made  Upou  anima 
somo  of  their  first  effects  are  attributable  to  tho  «Aoat  which  it 
Busbuued;  so  that  the  partial  recovery  which  takes-plaoe  at  an  ' 
period,  must  not  be  r^ardoil  as  the  result  of  regenenttioD  of 
tissue,  which  requires  a  much  longer  time  for  its  completion. 

502.  The  couducting  power  of  the  entire  Spiual  C'onl  Wiiig 
established,  we  have  next  to  inquire  whether  any  difference  in  cadal 
ment  can  be  shown  to  exist  in  its  several  columua.  By  Sir  C.  6^0,1 
was  supposed  that  the  anterior  columns  possess  the  same  cndowiaenM  i 
the  anterior  roots  of  the  nerves,  and  the  posterior  columns  the  Bamel 
the  posterior  roots :  and  this  view  ia  Boppor(*d  by  the  cxpeHmenU 
Longet,t  who  deduces  fi'om  them  the  conclusion,  that  irritation  of  ' 
posterior  cohmins,  as  of  the  posterior  nerve- roots,  gives  rise  to  cxcrucitt 
pain,  without  exciting  any  other  movements  than  such  as  are 
into  action  in  re&ex  respoudeuce  to  tho  impression ;  and  that  irnt 
the  anterior  columns  excites  movementa  directly  (or  without  Tv&t 
aud  is  not  a  source  of  pain.  Again,  he  found  that  when  the  Spinal  Co 
was  completely  divided,  and  time  was  allowed  for  the  i-eflex  artirilT  i 
the  cord  to  subside  (tliis  disappearing  rapidly  in  adult  wsrtn-bto 
animals),  the  application  of  an  electric  current  to  the  posterior  coliinm 
of  the  separated  p^rt  occaaiimod  no  muscular  action  whiitever,  whiiit  i| 
transmission  through  the  anterior  columns  oalled-fortli  \'igomus  | 
mente.  Moreover,  he  states  that  the  ellects  of  the  reversal  of  the  ( 
current,  transmitted  through  the  anterior  columns,  were  the  "ajne  iif 
those  of  the  same  reverb  when  the  currents  were  trausniittod  thruui^h 
the  anterior  roots  of  the  spiual  nerves;  whilst  they  differed  &wm  Uw» 


*  Bse  tbe  lulmirablc  roseArches  of  M.  ItruWD-Sfqnard,  in  "Quett*  Mfiliialt,'  ISI: 
No.  iS,  and  1850,  No.  30  ;  hIho  the  "  Comptes  Iteuilus  ile  1b  Society  a>.'  l<i.>],UL~  ISHLl 
1860. 

f  "  Anatiiiuieet  rbvaiolagiaduSfBtimeNerveux,"  1S4S;  ud  "  TniU  d«  PliNiahvk* 
laSO,  lorn.  ii.  pp.  ISJ-S. 
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produced  by  the  siome  change  in  the  direction,  of  the  currents,  tranHmittfid 
through  a  nerve  of  mised  endowments. —The  reaijarches  of  Vim  Deeu  * 
lead  on  the  whole  to  the  aame  conclusion* ;  but  they  tend,  in  hia  opinion, 
to  ahow  thftt  the  conducting  power  both  of  the  anterior  and  [loaterior 
coiuions  is  very  imperfect,  if  their  white  Htrands  be  completely  separated 
from  their  grey  matter.  Hb  experiments  appear  to  have  eouohisively 
estiibiishcd  thai  the  git-j  mittter,  as  well  aa  the  white,  possesses  conduct- 
ing powers  i  as  we  might  indeed  anticjpute  from  the  circumstance,  that  it 
contains  a  large  amount  of  the  librous  form  of  nerve-tissue,  iind  that  the 
commissural  connection  between  the  two  Intend  halves  of  the  Coril  is 
established  (according  to  Mr.  J.  L.  Clarke,  §  iB'2)  by  its  grey  substance 
alone.  That  a  ready  transverse  communication  exjata,  is  proved  not 
merely  by  the  fact  that  an  impression  made  upon  a  nerve  of  one  side  will 
very  commonly  excite  refles  movements  on  both ;  but  also  by  the  experi- 
ment of  completely  dividing  one  half  of  the  cord  ns  far  hb  the  median  line, 
and  dividing  the  other  half  to  the  aame  extent  a  short  distance  below  the 
first  section;  for  this  operation  does  not  interrupt  the  transmission  of 
sensory  impreaaioiis,  although  it  seems  doubtful  whether  motor  influences 
eaa  lie  thus  propagated. + — The  experimental  results  of  Stiiling,^  again, 
are  on  the  whole  in  harmony  with  the  preceding;  but  he  lays  yet  greater 
stress  than  Van  Deon,  on  the  importance  of  the  grey  matter  to  evim  the 
conductive  power  of  the  white.— These  dcductiona,  however,  are  strongly 
opposed  by  Louget ;  who  affirms  that  he  could  never  obtain  any  eviden(w 
cither  of  aenaibili  ty  or  of  motor  [jower,  on  irritating  the  grey  substance 
Eklone  by  the  electric  current;  and  that,  on  the  other  hand,  the  entire 
destruction  of  the  grey  matter  for  a  considerable  length,  by  means  of  a 
rod  intixiduced  into  the  interior  of  the  Cord,  did  not  seem  in  any  degree 
to  impair  the  conducting  power  of  its  columns. 

503.  It  must  be  freely  admitted,  however,  that  there  are  numerous 
Pathological  phenomena,  which  it  is  very  difficult  to  reconcile  with  any 
of  the  foregoing  conclusions  rogariling  the  relative  functions  of  the  anterior 
and  posterior  columns  of  the  Spinal  Cord  :  cases  having  been  recorded,  in 
which  complete  destruction  of  the  anterior  columns  appeared  to  have 
taken  place,  without  loss  of  voluntary  motion  in  the  parts  below;  whilst  a 
similar  destruction  of  the  posterior  columns  has  occurred,  without  ooiTCS- 
ponding  lesion  of  8ensibility.§  But  it  must  be  borne  in  mind  that  we 
are  still  far  fromhavingan  accurate  knowledge  of  the  degree  of  structural 
change  in  the  nervoiw  centres,  which  is  incomptitible  with  the  continued 
perfonnaoce  of  their  functions ;  and  that  there  are  instances  in  which 

•  *'TmitifletDf«mTene«rarliiPhjsinlogi6etlaMwllflEpiniare,"  Leido,  1841. 

f  A  esse  IB  Filed  b.T  Limgut  fMtn  Begin,  in  wh!i?li  u  miLD  vns  slabbed  At  the  buck  uf  tlie 
nock,  the  point  uf  the  koife  passing  obliqntlj  fcirwarJfl  between  the  nath  and  He?enth 
ccrticmJ  vfjrtebne,  dmdiu^'  the  aatcro'lal^nLl  aad  anterior  coIamnB  of  the  Spinal  Curd  on 
the  ri^l  side.  Ue  >urviii»l  the  iojur;  )iii  daja  ;  uid  suffered  frpBi  cumplete  paraljeis  of 
modon  o(  Che  rMriGspoudlng  hwer  eitremitj,  witb  inoomplete  pBJ-djHia  of  motion  of  the 
right  lam ;  the  aeDiibilitj  rsmainicg  perfeet.  Thii  me  Mema  to  nhow  that  the  Will  hu  aa 
power  to  direct  itfl  motor  impalBei  acroea  tho  mrd ;  idnce  the  part«  denying  their  nerved 
from  the  part  of  the  cord  buloo  the  partial  cecCion,  were  entire!;  •ritbdrawn  Irom  ili  in- 
Buencc. 

t  "  UnlennabaDgEii  iIImt  die  PonctiDDeu  ilea  RilRkeainarks  nod  die  Nerven,"  Leipng, 
1842. 

g  See  oiipecially  the  caae  raeorded  bj  Mc.  Stanlej  in  "MoiL-Chir.  Tianmi*.,"  vol.  ndii. 
ud  bj  lii.  Weluter,  Op.  dt.,  lol.  ixvi. 
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the  whole  thickness  of  the  cord  has  oudergonc  sofkeu'mg  Mid  ■ppmi   I 
diaintegratiou,  without   the  destruction   of  the   fimctioual   ocauuetioii   I 
between  the  EDcepholon  and  the  parts  below  the  seat  of  the  ilinaa '         I 
dU4.   It  JB  ao  less  dlQicnlt  to  reconcile  with  the  experiinentKl  n^k  I 
already  cited,  those  of  other  Phyaiologistti,  which  appear  to  show  tliiltlw  I 
anterior  and  posterior  divisione  of  the  Spinal  Cord  reapectiwljr  tuniHlcr  I 
to  the  motionfi  of  flexion  and  extension.     This  iiotiuii,  wlilch  iiripwlN  I 
«nth  Bellingeri.t  waa  afterwards  advocated  by  Valeiitia,t  who  inbindl 
from  his  expcriniODts,  that  if  the  posierior  column  of  the  Sjnnal  iMl 
of  the  Frog  l>c  irritated  at  the  point  at  which  the  nerv<«  cf  fhbfl'B 
extremity  are  givcu-ofi',   that  extremity  is  eaaSendtd,  >nd  that  if  Ikd 
futtarli/r  column  be  irritated,  the  extremity  is  fiesxd;  so  tliAt,  niiM  hM 
admitted  tlie  anterior  columns  to  be  aUefly  motor,  and  thv  porivkfl 
to  be  for  the  most  part  sensory,  it  would  appear  tliat  the  imit'ir  fibit*! 
of  the  extijuaors  pass  from  the  anterior  into  the  posterior  coluuui,  wliihtl 
those  of  the  desors  are  continued  oQwards  in  the  anterior  column.  Ci»J 
firmation  of  this  inference  wn«  ohCulued  by  Valentin  from  exjirritQRtiia 
on  Mammalia;    and  it  is  boruc-out,  in  his  opinion,  by  pntli< Jogiaifl 
phenomena  obaen'ed  in  Man.      According  to  this  eminent  phykinl'jpivl 
also,  relaxation  of  the   aphinotera  is  analogous  to  the  exteniM  (tkW 
of  the  extremities;  and  he  has  noticed  a  manifest  riihuuttion  of  tW 
sphincter  ani  in  the  frog,  when  the  superior  part  of  the  SfMnol  eord  m 
irritated,  so  as  to  produce  extension  of  the  limbs.     Tb<^  exprnBimii'  d 
Budge§  and  Engelhart,||  howvTer,  led  them  to  an  opi>o^tv  oonclu>i  n 
fur  it  appeared  to  them  that,  in  Mammalia,  the  nervo-tibrea  which  »rt 
upou  the  t^dento-r  muscles  are  contained  in  the  aiiterun-  tMlvmtt,  bmI 
those  of  the  Jlexirr  muscles  in  the  posterior  columns;   wMlst,  m  Rgu^ 
the  Frog,  the  nei-ve-iibrea  couuci.'ted  with  the  extensor  mnsclfle  •ppsuvd 
to  be  situated  jmsteriorly  to  those  of  the  flexors.     The  experimeUa  ct 
Harless,^  'i^ain,  have  led  iiim  to  regard  the  upper  port  of  the  spiiul  aai 
in  the  Frog,  between  the   Sud  and  ith   vertebrae  incluMre,  aa  tfotiuiij 
concerned  in  the  ^/lexioii  both  of  the  anterior  and  posterior  extnaiititi; 
and  the  lower  part,  from  the  Oth  to  the  8th  vertebne  iuchisive,  m  in  lifcs 
manner  conceiiied  in  their  eu'l^tsion. — All  theee  results  con  only  M 
preiient  be  accepted  as  indicating  that  fome  such  special  anaagcai*H 
of  the  nerve-fibres  in  the  Spinal  Cord,  having  reference  to  the  tOsM 
bination   of   ditferent    muscular    actions    in   groups,    may  have   a   '**4 
existence;  there  is  far  too  little  accordance,  however,  among  the  jjifr  J 

*  See.  for  example,  theoue  of  '  SofCenitig  of  tbe  Sjiiusl  Mamv,'  reoanhd  b;  t>t.  lUnM 
in  tbt!  "  Mcij.-Cbir.  Trsoa,,"  tdI.  ixiir, ;  in  wLitL  a  rortion  of  the  Cutxl  M  laalu  iKtl 
loDg,  Eitnated  opp^itdtelbe  third  aacI  fourth  doTsal  vertebnp,  niu  **80  nA  tJaal  tkvil^ttffl 
presBDre  of  the  iiDgsr  broke  it  up,"  liein^  nearl;  in  k  flaid  Blkte  thtoa^  iu  vimlclkai'l 
uesa;  yet  the  patient  felt  pain  ia  hia  lower  limbe,  BlioiriDg  tliat  the  poav  i/iyaWl 
trarKmUsioD  reumiued  ;  and  althungb  he  had  loat  all  VolaDUr;  oontrol  cnrsr  th«  nvk*  ttM 
the  loner  pu-t  of  the  bod;,  yot  tbti;  were  affected  with  iDcfeaaDirADrcie&oraacM  |«rtU^I 
ju  (fill  be  BhuKQ  bor';after,  SecL  S,  apgieon  to  uritdiiHU  In  the  Seiuai?  Qaa^),  mI  MmI 
moTcinents  wore  uifet'ted  in  aui^h  a  marked  mauner  hj  fmofi'on*,  M  pUiulj  In  ia 
dotmvard  tnLnfliDiA.iL>D  of  mator  putter. 

t  "  De  Medulla  Sjiinali.  nemsque  ex  e&  prodeDntihuB,''  kf..  Turin,  18S3, 

j  "  De  Functionibua  Kiirvoroni  Uerebralium  et  Kuni  SynJiathiii,"'  Banm,  ISSO. 

§  "  fnttrnui-'LuUfi^fTi  uber  das  NerveuajBtem,"  1841, 

II    "Miiller'aArcbiv.,"  hefts,  1311. 

ir  "Miiller'B  Arahiv.."  18*8. 
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noraena  described  hy  tliffiTent  obsorvera,  to  eiuible  ev^n  a  probable 
stfttemcnt  to  be  hazarded  in  regard  to  th«  nature  of  this  arrangement ; 
and  it  iieeins  quite  [loasible  that  it  may  vary  iu  different  tuiimiila,  in 
accordance  with  their  reupcRtive  modus  of  progresaiou.  Aa  far  us  Mali 
is  coucernod,  we  have  no  ovidenue  but  that  of  pathological  phenomena; 
and  we  certainly  may  find,  in  many  forma  of  convulsive  action,  an 
indication  that  there  is  some  cominoo  centre  or  tract  of  motor  impulse 
for  the  extensor  muaclea  generally,  aud  another  such  centre  or  tract  for 
the  flexors.* 

505.  We  have  now  to  consider  the  Spinal  Cord  aB  an  independent 
centre  of  nervous  power,  and  to  inq^uire  whether  the  movements  which 
are  excited  thi'ough  its  'reflex'  activity  neccBsarily  involve  sensation. 
Those  movements  are  moat  characteristicftlly  displayed,  when  the  Spinal 
Cord  ia  cut-off  from  communication  with  the  higher  Nervous  centres  ■ 
probably  rather  because  the  nerve-force  excited  by  the  impression  reacts 
through  the.  Spinal  gaugUon  to  which  it  is  conveyed,  when  it  can  no 
longer  pasa-oa  to  the  Encephalic  centres  (§  4IjQ),  than  because  (as  some 
suppose)  the  impulse  to  reflex  movement  is  oi-dinarily  neutralized  and 
rendered  inoperative  by  an  effort  of  the  wilL  It  ia  true  that  those 
reflex  actions  of  the  Spinal  Cord  which  are  necessary  to  the  maintenance 
of  Urgnnio  life,  and  which  are  eijiially  performed  whether  the  Spinal 
axis  be  in  oommuidcation  with  the  higher  Encephalic  centnw  or  not, 
are  continnaliy  modified  or  temporarily  Hiisjwnded  by  tjie  Will ;  hut 
this  ia  only  when  we  conaciously  bring  the  Will  to  bear  upon  them ; 
and  it  is  no  less  certain  that  we  are  ^tot  continually  making  any  such 
exertions,  in  order  to  antai^onizo  movements,  which  (aa  we  learn  from 
I^tliological  evidence),  would  be  continually  excited  but  for  this  neutrsr 
lizing  influence,  if  such  a  doctrine  were  correct — The  readiest  demon- 
Htrntion  of  the  independent  power  of  the  Spinal  Cord,  is  derived  from 
the  motions  exhibited  by  tho  limlis  of  animala.  when  irritation  la  ajiplied 
to  tlicm  after  section  of  the  Spinal  Cord  at  some  point  above  the 
entrance  of  their  nerves;  the  fact  that  these  movemeuta  are  reflected 
through  the  Cord,  and  ai-e  not  the  product  of  direct  stimulatiou  appHed 
to  the  part  irritated,  lieing  shown  by  their  complete  cessation  when  the 
nerve-trunks  are  divided,  or  the  substance  of  the  Spinal  Cord  ia  broken- 
down.  Thus,  if  a  Frog  hu  decapitated,  ita  body  remains  supported  on 
ita  limba  in  the  nsuaJ  position,  aud  will  recover  tiiis  if  it  he  disturbed  ; 
irritation  of  the  feet  will  cause  it  to  leap ;  and  tickling  tho  cloaca  with  a 
probe  will  excite  efforts  to  push  away  the  instrumenLf     It  in  to  be 

*  ThaB  in  &  f^aae  of  HyHteric  PKnplogi*,  whicfa  was  for  Bomfl  time  asder  the  Aotboj^H 
nWrratioa,  the  eilenion  only  of  the  llmbawere  paralfKed,  ttie  will  retuniug  tU  ordiouj 
pfjv^  over  the  Baxnn.  And  in  ordinary  Cramp,  of  whioh  the  [>uti«iit  ju4t  mentioned  vu 
mbjert  to  eitrBmel}'  neTBre  atlaeka.  tho  fiticire  alone  are  UBunllj  in  ntlion. 

t  It  hu  bBBB  pointad-nnt  bj  Mesam.  ToJJ  and  Bowmim,  ("  Fhjsiologieal  Analomj," 
val.  i.  p.  SIE),  tbst  the  Spin&l  Cord  nf  the  mule  frog,  MtbcBenion  of  oopuUtion.  nnturoll; 
poneiHi  ft  tfUite  of  laost  eitr&ordiarLry  exdbibility.  The  thumb  of  eAch  Ulterior  extremity 
At  thiff  seuon,  bHomea  oonxiderably  enlarged;  as  ia  weU  knuvn  to  Kainralisto.  ''Thifl 
enlargnmunt  ie  caused  pfindpallj  by  a  couHidBrablo  develnpment  of  tha  papilltrj  atniirtnre 
oftLe  *kin  which  cotcts  it;  bo  that  birge  pdpillic  nro  formed  all  over  It.  A  male  frog,  at 
thii  MSMm,  bta  no  irreatible  piopciv'itr  to  rMng  to  any  object,  by  Heinng  it  between  bia 
hirwri'Tr  extremities.  !t  ia  in  tbU  wc^  Tliat  he  wizcii-upon,  and  cUngi^-t'^  the  femit^e;  fi.^iog 
hi>  ibnmba  to  ea«h  Bide  nS  hei  nbilonien,  and  remaining  there  fur  weeki^  "util  the  uva  hpive 
b«en  wmpleteljexp^llpd.  An  effort  of  the  Will  itlcne  ouuld  not  keop  up  the  emap  unintsr- 
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Obnrved  that  h  flight  irritatioo  applied  to  the  peripheral  erlmnilia  nf 
tbo  affermit  Dtwea,  is  a  moru  powerful  excitor  of  reflex  action,  tliia  t 
much  Bti-onger  impression,  which  occaaons  acute  pain,  appli<vl  to  liirtr 
lni.itts:  thus  Mr.  Grainger  found  that  he  could  remove  tie  imlire hail- 
leg  ol'  B.  Salamander  with  the  eci^on?,  without  tbo  creature  tiiciring.  w 
giving  any  expression  of  autferiiig,  if  the  Spinal  Cord  luul  \im  £M 
divided ;  jet  that  by  irritation  of  the  foot,  SHpecially  hy  best,  ia  m 
animal  similarly  ciivumstuuccd,  violent  convulsive  actions  woro  exQitd 
in  the  legs  and  tail.  This  fact  ia  important,  not  ouly  lu  ahowbi|  th* 
com |ja rati vely-powerfu!  effect  of  impressions  upon  the  cutatieolU  tuiftor, 
hut  aUo  as  proving  bow  little  relation  the  amount  o(  redex  ■atiun  Lit 
to  the  intensity  of  sensation. 

506.  That  the  movi-ments  executed  by  the  limba  of  the  lowrr  uinuli 
when  these  ave  no  longer  coonected  by  the  Spiunl  Coi-d  with   liii>  Rm»- 
phnlou,  but  remain  in   nervoua  coimeclion  with  the  Con!  itai'lC  do  not 
take  place  through  the  intermediatiou  of  aensati'jn,  might  be  (iu|>[>rwd1 
be  sudicioQtly  proved  Ly  the  simple  &ct,  that  division  of  the  C\iri.  iR 
Man,  and  hence  by  inference  in  the  lower  aoimals.  reduoea  tlip  i 
below  to  a  state  of  complete  insensibility.     But,  on  the  other  Uanil 
very  performance,  by  decapitated  animals  of  inferior  trilitn,  of 
which  had   not   been  witnessed  in  Man  under  similar  circumstance*,  1 
been   held   to  indicate,  that  the  spinal  cord   in  them  has  an  riidnwmFa 
which  /iM  doea  not  possess.     The  possibility  of  such  an  cxpliuiuio 
however  nncoaforoialile  to  that  analogj-  throughout  organin^d  inlur 
which,  the  more  it  is  studiefl,  the   more  invariably  is  found  lo  giiido 
truth,  could  not  lie  disproved.     Whatever  esperimeuto  on  dccnpitatej' 
animals  were  appealed-to,  in  suppoi't  of  the  doctrine  that  the  Kucepludun 
contains  the  only  seat  of  sensibility,  coidd  be  met  by  a  simple  denial 
that  the  Spinal  Cord  is  everywhere  as  destitute  of  that  endowuH-ni,  u  i 
appears  to  be  in  Man.    The  cases  of  prc-fonud  Sleep  and  Ajwplexy 
be  cited  as  examples  of  reflex  action  without  consciounne^ ;  but 
have  been  met  by  the  assertion,  that  in  such  conditions,  sensHtiont  i 
Jeli,  though  they  are  not  Tf.iiimnhered.     It  is  difficult,  however,  to 
Buch  an  ux]ilaiiation  to  the  cose  of  Anencephalous  human  in^it*  (id 
which  all  the  ordinary  reflex  actions  liave  been  exhibited,  with  nii  eolin 
kbsence  of  brain),  without  supposing  that  the  Medulln  UblongnlA  is  1 
amt  of  a  seusibility  which  we  know  that  the  lower  part   of  the  Sp 
Cord  does  not  pos-sexs;  and   of  this  there   is   no  evidence  what^ver- 
Slq>erilnent3  on   the   lower  animals,  then,  and  obspni'H,tion   of  the 
nomena  manifested    by  apoplectic   patients  and  anenceph&lous  iufanl^^ 
might.  lead  to  the  conclusion,  that  the  Spinal  Cord  does  not  itself  [kmbcd  ' 

raptedlj  for  so  Inng  a  time ;  yet  so  Gnu  U  the  hold,  llint  it  can  wiUi  difficulty  ho  nlul 
Whatever  la  hrongiil  in  the  vh;  of  the  thninha,  will  be  caught  by  the  fonrible  rantnitiM 
of  the  auteriur  limhs ;  and  hODC«  tve  nft«D  find  fnigH  clinging  blindly  lo  a  pie^  of  *t^  t 
a  dead  Sah,  or  some  other  mbalance  which  thej  may  chance  to  mset  iri<}i.      1/  tlw  tupt 
be  placml  between  tho  BDt^ricr  titremltirK.  ttiey  vill  grasp  it  Kriol)- ;  nor  icill  Um;  nkl 
their  grsL^T' until  thi' j  ore  sepuruted  by  foroe.   If  the  animaJ  be  deeApilat^  whilt  Ibt  AmT 
IB  vithjn  llje  graap  of  ila  anteriur  cxtremitica.  they  Btill  ontinue  to  huld-on  firmly.     1w  i 
pOBterior  hftif  of  the  body  may  be  cut-away,  and  yet  tho  nnlmor  oitremitiee  will  rtiil  dJiiJ  ( 
to  the  finger;  but  immedintuly  thut  the  eegmenl  of  tlie  Cord,  (rum  which  thi  wUri' 
extremitiea  derive  their  iierres,  has  been  remaved,  all  their  motion  ceaaca.      Thia  mriii 
inatiuct  only  ciiata  during  the  penod  of  sexual  excitement ;  for  at  otlKT  perloiia  Ihv  aaU- 
\A\\t3  of  the  anleriur  extramitiee  a  cunsidenibly  leas  than  that  of  thcjuaWrinr." 
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sensibility,  and  that  its  reflux  actiuns  are  iadependcut  of  HOiisation.  At 
this  concliiaion,  Uazer,  Prochnaka,  Sir  G.  Blaue,  Flourens,  and  other 
jihy Biologists,  had  arrived ;  but  it  wtis  not  until  special  attention  was 
directed  to  the  tiulijiK:t  by  Dr.  M.  Hull,  that  fact^  were  obtained  by 
which  a  poaitivt!  statement  of  it  could  be  aupported.  For  the  question 
might  have  been  continually  aaked, — If  the  Spinal  Cord  in  Man  be 
precisely  analogous  in  function  to  that  of  the  lower  Vertebrata,  why  are 
not  tf«  reflex  phenomena  manifested,  when  a  portion  of  it  is  severed 
from  the  rest  by  disease  or  injuryj  The  answer  to  tlua  question  is 
twofold  In  the  first  [ilace,  simple  division  of  the  cord  with  a  sharp 
instnimont  leaves  the  separated  portion  in  a  state  of  much  more  oompleti 
integrity,  and  therefore  in  a  stjite  much  more  tit  for  the  [lerforinance  of 
its  fieculiar  fiinctioua,  than  it  ordiiiai-ily  is  after  disease  or  violent  injury; 
and  as  the  former  method  of  division  is  one  with  which  the  Physiologist 
is  not  likely  to  meet  in  Man  as  a  result  of  accident,  and  which  he  cannot 
experimentally  put  in  prsctice,  the  cases  iu  which  reflex  actions  would 
be  manifested  are  likely  to  be  comparatively  few.  But  secondly,  a 
sufficient  number  of  such  instances  lnwe  now  been  accumnlut^d,  to  prove 
that  the  occurrence  is  by  no  means  so  rare  as  might  have  been  supposed; 
and  that  nothing  is  required  but  patient  observation,  to  throw  &  great 
light  on  this  interesting  question,  from  the  phenomena  of  disease,  A 
moat  valuable  collection  of  such  cases,  occurring  within  his  own  eipe- 
riencc,  has  been  published  by  Dr.  W.  Budd;*  and  the  leading  tacts 
observed  by  him  will  be  now  enumei'ated. 

507.  In  the  first  case,  paraplegia  was  the  result  of  angular  distortion  of 
the  spine  in  the  dorsal  region.  The  sensibility  of  the  lower  extremities 
was  extremely  feeble,  and  the  power  of  voluntary  motion  was  almost 
entirely  lost.  "  When,  liiiwover,  any  part  of  the  skin  is  pinched  or 
pricfcoii,  the  limb  that  is  thus  acted-on  jumps  with  great  vivacity;  the 
toea  are  retracteil  towards  the  instep,  the  foot  is  raised  on  the  heel,  and 
the  knee  so  Hexed  as  to  raise  it  off  the  bed;  the  limb  is  maintained  iu 
this  state  of  tension  for  several  seconcLs  after  the  withdrawal  of  the 
stimulus,  and  then  becomes  suddenly  relaxed."  "  In  general,  while  one 
leg  was  convulsed,  its  fellow  remained  quiet,  unless  stimulus  was  applied 
to  both  at  once."  "  In  these  instances,  the  pricking  and  pinching  wei-e 
perceived  by  the  patient;  but  VMvk  more  violent  contractions  are  excited 
by  a,  stimulus,  of  ip/wwe  pregeiiee  lis  is  uneoiincioua.  When  a  feather  is 
passed  tightly  over  the  skin,  in  the  hollow  of  the  instep,  as  if  to  tickle, 
eoavulsioDS  occur  in  the  corresponding  limb,  much  more  vigorous  than 
those  induced  by  pinching  or  pricking;  they  succeed  one  another  in  a 
rapid  series  of  jerks,  which  are  repeated  as  long  as  the  stimulus  is  main- 
tained." "  When  any  other  part  of  the  Hmb  is  irritated  En  the  same  way, 
the  convulsions  which  ensue  are  very  feeble,  and  much  less  poweiful  than 
those  induced  by  pricking  or  pinching."  "  Convulsions,  identical  with 
those  already  described,  are  at  all  times  excited  by  the  acts  of  defecation 
and  micturition.  At  these  tiiuea,  the  convubions  ai-e  much  more  vigorous 
tliau  under  any  other  circumstances,  insomuch  that  the  patient  has  been 
obliged  to  resort  to  mechanical  means  to  seoitre  his  person  while  engaged 
in  these  iicts.     During  the  act  of  espiUsion,  the  convulsions  suoceed  one 


*. "  Mediou-CliiniigicBf  TnnUL-tioDi,"  loL  ini. 
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another  rapidly,  tlie  urine  ia  diBcbarged  in  interrupted  jeU.  Kod  iir 
paMage  of  the  fKCes  suffem  a  like  interruption."     The  ooavuUioo*  ud 
more  vigorous,  the  greater  tLe  acctunnlation  of  urine ;  aud  inialantuj 
cxtntractions  occur  whenever  the  bladder  ia  distended,  and  also  wbiB  tin 
desire  to  relieve  the  rectum  is  manifested.     "  In  all  tb«Be  ^ramMuuca 
the  convulaioua  ore  perfectly  involuntary;  and  he  is  unable,  byauyiArt 
of  the  will,  to   control   or  moderate  them."     The  patieot  subMqiMrtlT 
regained,  in  a  gmdual  manner,  botb  the  Bensibility  of  the  lower  i 
ties,  and  voluntary  power  over  them;  and  na  voluntary  powM  ie 
the  susceptibility  to  involuntary  nioTemciits  diminished.  »a  did  al»l 
extent  and  power. — This  caee,  then,  exhibits  an  inurcased 
perform   refiex  actions,   when  the  control   of  tlie  brain   ww 
and  it  also  shows  that  a  slight  impression  upon  the  mr/iut,  of  ' 
the  patient  was  not  conscious,  was  more  efficacious  in  inciting  rAtI 
movements,  than  were  others  that  more  powerfully  affected  thr  Mueiyl 
orgaiLS. — ^It  should  be  added  that,  in  the  forgoing  case,  the  unthtino  of  J 
the  lower  estremitiea  was  not  impaired,  as  it  ia  in  most  ckms  of  |»i*| 
pl^ia ;  the  rationale  of  this  phenomenon,  which  is  to  be  constantly  oWmJ  j 
when  the  reSex  actions  of  the  part  reniun  entire,  will  be  undentuodlf] 
reference  to  §5  3.58,  516. 

508,  In  another  case,  the  paralysis  was  more  extcnaives  h»nti£bMij 
product  by  an  injury  (resulting  from  a  fall  into  the  hold  of  a  raMl)< 
the  lower  part  of  the  neck.  There  was  at  first  a  total  toes  of  Yoln 
power  over  the  lower  extremities,  trunk,  and  bands;  etight  reiMUB]i||1 
voluntary  power  in  the  wrists,  rather  more  in  the  ellroWH,  and  still 
in  the  shoulders.  Tlie  intercostal  muscles  did  not  participate  in  i 
movements  of  respiration.  The  sensibility  of  the  h&mis  and  brt ' 
greatly impHJ red.  Tliere  were  retention  ofurine.and  involuntwyt 
ation  of  the  Ikces.  Recovery  took  place  very  gradually;  aiid  duriif  I 
progress,  several  remarkable  phenomena  of  reflex  action  were  i 
At  first,  tickling  one  sole  excited  to  movement  that  limb  only  «t 
was  acted-upon ;  afterwards,  tickling  either  sole  excited  both  lep,  I 
on  the  26th  day,  not  only  the  lower  eJitremities,  but  the  trunk  and  I 
extremities  also.  Irritating  the  Eolea;,  by  tickling  or  otherwise.  Wis  J 
first  the  only  method,  and  always  the  most  efficient  one,  by  wlueli  wD- 
vulsions  could  be  excited.  From  the  26th  to  the  G9th  day,  inviiliinlBj 
movements  in  all  the  pal8ie<l  parts  continued  powerftil  and  cilcniiWi 
and  were  excited  by  the  following  causes ;  in  the  lower  extremilic*  otilj. 
by  the  passage  of  tiatus  from  tbe  bowels,  or  by  the  contact  of  a  «U 
urinal  with  the  [)eiiia;  convulaions  in  the  upper  extremities  and  Innk. 
attended  with  sighing,  by  plucking  the  hair  of  the  pnbes.  On  th*  4I<1 
day,  a  hot  pLite  of  metal  was  applied  to  the  soles,  and  was  found  tob«« 
more  |iowerful  escitor  of  movement  than  any  before  tried.  Th*  mow* 
meutjj  continued  as  long  as  tbe  hot  plate  was  kept  applied ;  but  the  nas 
plate,  at  the  common  tcnipei-ature,  excited  no  movementa  after  the  fa» 
contact.  Though  the  contact  was  distinctly  felt  by  the  pataeut,  no  n"^ 
(ton  of  heat  was  perceived  by  him,  even  when  tbe  plate  was  appli'J  hK 
enough  to  cniiae  vesication.  At  three  different  intervals,  tbe  jiati.'nl  louk 
one-eighth  of  a  grain  of  attycbnia  three  times  a  day.  Great  incrwtf*  i* 
Busceptibiljty  to  involuntary  movements  immediately  followed,  and  the; 
were  excited  by  the  slightest  causes.    No  convulsions  of  the  nppcreiO*- 
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could  BV*r  be  prodaced,  howevfj-,  by  irritating  their  inlegument; 
ugh,  umter  the  iaUuouce  of  strychnia,  pullmg  the  Lair  of  the  head, 
LiiJiIiiig  the  dun,  would  (w^iisioa  violent  spasmodic  actions  iu  them, 
kutajicou*  oouvTilaions  of  the  palsied  parts,  which  occurred  at  other 
iuuiM,  w<tnj  wore  frivjueiit  and  more  powerful  after  the  usb  of  atrychnia, 
"      Ute   first  return  of  voluntary  power,  the  patient  was  enabled  to 
iu  in  some  measure  the  tscit<^  movementa;  but  this  required  a 
act  effort  of  the  will;  and  his  first  attempts  to  walk  wei'e  curiously 
I'V  the  i>iTsiKl«ni.*c  of  the  susceptibility  to  excited  involuntary 
tita.      Whea  he  first  attempted  to  stand,  the  knees  immediately 
I  forcibly  l>eut  under  him;  llda  acrtion  of  the  legs  being  excited  by 
of  tlie  soles  with  the  ground.      On  the  D^th  day  this  effect  did 
bkko  plitce,  until   tlie  patient  hud  mnde  a  few  steps;  the  legs  then 
LfttMldeucy  to  bend-up,  a  movement  which  heoounteractiMlby  rubbing 
■ni&m  of  the  IxiJly ;  this  rubbing  excited  the  extensors  to  action, 
thd  legs  become  extended  with  a  jerk.     A  few  more  steps  wore 
Ruidr,  tie  manccuvre  was  repeated,  and  so  on.     This  susceptibility 
,  mnioMuty  movements  from  impressious  on    the  nolea,  gradually 
nubix]:  and  on  the  141et  day,  the  patient  was  able  to  widk  about, 
ortilig  hilueclf  on  the  back  of  a  chair  whicli  he  pushed  before  him; 
I  his  gait  was  unsteady,  and  much  resembled  that  of  chorea.    Sensation 
ttved  \-ery  slowly :  it  waa  on  the  53rd  day  that  he  first  slightly 
tivtyl  the  heat  of  the  metal  piate. — Now  in  this  case,  the  abolition 
Ittwunon  E!«naation  wa«  not  so  complete  as  in  the  former  instance;  but 
|M)culiar  kind  of  impression,  which  was  found  most  efficacious  in 
reflex   movements,  no  coimcimirrte^s   whidet'er  w<ia  exparieiiced. 
ioterestiiig  wiis   the  ciruunistajice,  that  convulsioua  could   be 
ilUy  excited   by  impresiioua  on  surfaces  aiore  the  seat  of  iiyury:  as, 
r  |ju!ling  the  hair  of  tlie  scalp,  a  sudden  noise,  and  so  on.     This  proves 
>uupi.>rtant  points:  first,  tbut  a  lesion  of  the  cord  maybe  such  as  to 
|il  the  transmission  of  voluntary  inllueuce,  and  yet  may  allow  the 
Hiuu  of  that  reflected  from  incident  nerves.      Seoundly,  that  all 
I  f^m  impretwiuns  on  incident  nerves  ui'e  diffused  through  the 
Ibr.  in  the  inatance  adduced,  the  reflected  influence  was  undoubtedly 
.  made  to  deviate  into  the  coi'd  by  tlie  morbid  condition  of  that  organ, 
tiilluwed  its  natural  course  of  difiiision,  being  rendered  muuiieat 
,  Ihu  cwBO  by  the  oourulsioua  which  were  excited,  iu  consequence  of 
activity  of  the  motor  function  of  the  coi-d.      It  is  fui-ther 
ting  to  remark,  that,  in  the  foregoing  cose,  the  reflex  actions  were 
'  laehle  during  the  fii-st  seven  days,  in  comparison  with  their  snbee' 
Ikt  energy;  being  limited  to  slight  movements  of  the  feet,  which  could 
always  be  excited  by  tickling  the  soles.     {In  ajiothcr  case  of  very 
'  cluuvoter,  it  was  three  days  after  the  accident,  before  any  reflex 
puoatkiuld  be  produced.)     It  is  evident,  then,  that  the  spinal  cord  must 
*B  bitn  iu  a  state  of  concussion,  which  prevented  the  manifestation  of 
peculiar  funetiouB.  so  long  as  this  effect  liiated ;  and  it  is  easy,  tliere- 
,  to  jn-rccive,  that  a  still  more  severe  shock  iiiiglit  pennaneiitly  destroy 
I  powor,  so  as  to  prevent  the  exhibition  of  any  of  the  phenomena  of 
ex  actioa. 

E09.  So  many  casc«  of  this  kind  have  now  occurred,  that  It  may  be 
SB  >  dumonstrated  tact,  that  the  Spinal  Cord,  or  insulated 
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portions  of  it,  may  starve  iu  Man,  no  less  th&n  in  the  lower  Uiiml^  i 
the  centre  of  very  energetic  reflex  actions,  when  the  Euceplialie  ]■ 
which  ordinarily  operstes  through  it  is  auspended  or  dwtroywL  or  «bc 
it  ia  prevented  froia  influencing  the  Spinal  nerves  by  sacb  lUi  iiijurT  1 
the  Cord  above  their  poiute  of  connection  with  it,  aa  preveDt«  tli«  I 
miBsioD  of  nervous  polarity :  and  it  ia  further  evident  tliut  Uinw  an 
menta  are  not  more  dependent  u]>on  Sensation,  than  tht^  am  iiwh  I 
Will,  since  they  m»y  he  excited  without  the  consciouaueeis  nf  thi"  iii 
vidual,  even  when  this  ia  fully  directed  to  the  part.*  And  we  iliu»  li«»»l 
Adequate  ground  for  the  assertion,  that  the  movements  which  tuyl 
called-forth  by  stimulation  in  the  states  of  profound  Sleep  or  Oo&>h< 
not  to  be  held  to  indicate  that  sensation  is  even  monietitorily  ruitad; 
unce  we  know  tbftt  the  refles  power  of  the  Spinal  Cord  may  be  i 
into  action  hy  inipreasions  which  do  not  tn>vel  onwards  to  the  i 
or  which  are  powerless  to  affect  the  oonsdousneas  even  when  thtji 
there.  These  abnormal  reflex  actions  of  the  Spinal  Cordof  Ua&.t' 
often  powoi-ful,  have  much  less  regularity  and  apparent  purpomwmiu 
than  have  the  mnvemonta  execat«d  by  the  lower  VBrt^bnu  {u  Owl 
^i^'g.  §  ''C'5)  after  decapitation  or  section  of  the  cord ;  the  l«tl*T  •'"maft  1 
ing,  in  respect  to  these  qualities,  to  the  reflex  movements  of  ,\ 
animals.  It  must  not  hence  be  inferred,  however,  Uiat  thu.  .-  i 
essential  difference  in  the  endowments  of  the  Spinal  Oortl,  lwtwi«ii  Jin  1 
and  the  lower  animals;  or  that  any  psyrhleal  agency  exists  in  Uie  1*U>  1 
case,  which  is  wanting  in  the  former.  We  have  already  neen  tlui  lk| 
existence  of  even  the  most  jjerfectly-adapted  combinRtion  of  diffitrt 
muscular  actions,  all  obviously  bearing  upon  a  Jellnit<?  object,  cauuol  ii  I 
itself  justify  our  atti-ibuling  this  comhluation  to  design  or  volnnUyJ 
choice  on  the  part  of  the  organism  that  executes  it  (|  4^9);  w|u1sI,<b1 
the  other  hand,  to  remove  these  movements  in  any  case  &om  the  cnti^oty  I 
of  automatic  actions,  would  be  to  assign  to  the  Spinal  ConI  a  puttrrfj 
consciously  selecting  and  directing  tbem.  such  as  we  hare  evwjr  i 
for  lielieving  to  be  limited  to  the  higher  parts  of  the  Cerel 
centres.  Now  the  veiy  uniforiiiiti/  of  the  movements  in  questkn,! 
itself  an  indication  that  they  do  not  proceed  &om  any  purposive  ch 
but  depend  upion  the  special  endowmentsof  those  centreaof  reflex  aaiia|| 
whence  the  impulses  that  call  them  forth  immediately  issue  tu 
nerves;  and  hence  the  more  marked  adaptiveness  of  the  reflex 
performed  by  many  of  the  lower  triltes  of  sjiimals,  can  only  be  hclJ  I 
indicate  that  a  larger  share  of  such  adapta,tion  is  efieot«d  in  then  tit 
what  may  be  termed  the  mechanism  of  their  nervous  centres,  aii<l  i 
less  is  left  to  voluntary  choice  and  direction,  which  can  only  Iw 
trustwl  where  a  considerable  amount  of  intelligence  exists  to  | 
a  conclusion  which  accords  well  with  what  has  been  aItouIt 
respecting  the  stmctui-al  dllferences  that  seem  to  exist  betwreo 
Bpinal  Cord  of  Man,  and  that  of  the  inferior  Vertebrata  (§  487). 

*  The  Aathor  ia  inrormed  b;  bis  friend  Mr.  Tnget,  thnl  aciong  Iha  notn  left  hjlri 
Hnnter  ^ which  funiinhed  aiitDe  uf  the  mal^nalB  for  the  uliiiinhlti  OatAlugnr  of  liu  PilhflJ 
gicsl  portion  (>f  thu  Hiuiteriiui  Mukdib  drawn-np  byUi.  Paget),  then  wai  ihs  nmttll'i 
cue  of  poraplegitL,  iii  whiuh  it  nppean<d  that  Hunter  bRdwitneMed  nAei  auiTvaaealatillm 
legi  ia  niiidi  seiiBHtiDn  did  uol  paiticipatc  Wh«D  the  puticot  iru  a«ked  vbstbwJ 
the  IrritBtioD  by  which  the  iui>tioDA  were  excit«d,  he  pjgmiicuitlj  repUfd — gli 
limbt, — "Ko,  Sir,  but  jou  ue  myltgt  do," 
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510,  The  ouJownieiita  of  the  Mcdallii  Oblmujatu.  do  uot  sepiu  to  difltr 
from  tlio§e  of  the  Sjjiual  C'ortl  in  any  other  reB|i(!ct,  than  in  the  speciality 
of  the  reflex  movements  to  wliich  it  ministers.  ThLi  piirt  of  the  Cranio- 
SpiniJ  Axis  bH3  been  regiirded  hj  some  Physiologists,  indeed,  aa  the 
peculiar  seat  of  vitAtity;  aince,  aJtIiongh  the  other  Encephalic  musses 
may  be  withdrawn  from  above,  and  nearly  the  whole  of  tlie  ypimJ  Cord 
may  be  removed  from  bolow,  without  the  destruction  of  life,  yet  a  com- 
plete stop  is  put  to  the  ciirront  of  vital  action  when  the  Modulla 
Olilongata  b  deatroycd.  But  the  dependence  of  tlio  vital  activity  of  the 
body  generally  upon  the  functional  integrity  of  this  part  of  the  nervous 
ayateni,  is  itimply  conaeijueut  upon  the  fact,  that  the  Medulla  Oblongata 
uontain»  the  ganglionic  ceutre  of  the  Hespii-atory  movements;  upon  the 
continuance  of  which,  as  alreiuly  shown  (Chap.  vii.  Sect.  3),  the  continu- 
ance of  the  Circiihitiou  is  dej^ndent,  aud  with  this,  the  maintenance  of 
the  Organic  ftmetiona  generally,  It  is  also  the  ganglionic  centre  of  the 
nerves  of  Deglutition ;  the  abolition  of  which  function  muBt  of  course 
be  destructive  to  life,  though  less  s[>eedily  than  that  of  Ewijiiration. 

511.  Hence  the  Spinal  Cord,  with  its  Encephalic  prolongation,  may  bo 
said  to  supply,  by  ita  '  reflex  power,'  tlie  condiliuim  reipa^te  for  the 
maiiUeaaiux  n/thn  vnriotia  jujuctdar  inovemenln  which  are  eaienlial  to  the 
coiUinuanei;  of  lite  Oryanic  processeji;  and,  a.s  Dr.  M,  Hall  has  pointed 
out,  it  especially  governs  the  varioua  orilicea  of  ingreas  and  egress. — 
Thus,  the  act  of  Deglutition  is  entii-ely  de])endent  upon  the  Spinal  Axis 
and  the  nerves  proceeding  irom  it;  the  Will  being  in  no  other  way  con- 
cempi]  iu  it.  than  by  originuting  the  neceesory  stimuliia ;  and  even 
senafttiou  not  being  a  necessary  link  in  the  chain  of  excito-motor  action 
(55  80 — 82).  The  action  of  the  cardiac  sphincter,  again, — and  probably 
that  of  the  pyloric  sphincter  also, — is  dependent  nj»n  its  nervous  con- 
nection with  the  Spinal  Axis ;  and  is  entirely  regulated  without  sensorial 
excitement  (§  82),  And  there  iw  much  reason  to  believe  that  certain  of 
the  movements  of  the  Stomach  itaelf  are  in  like  manner  dependent  upon 
itn  connection  with  the  Medulla  Oblongata  (§  84),  although  there  b 
evidence  that  it  poasefisea  an  independent  motor  activity  of  its  own.  The 
movements  of  the  Intestinal  tube  ai-e  unquestionably  influenced  by  the 
Spinal  Conl,  although  esaentially  independent  of  it  (§§  86,  87) ;  but  tho 
sphincter  which  aurrcmnds  ita  orifice  of  egress  is  undoubtedly  placed 
under  its  guardianship,  although  partly  subjected  {in  Man)  to  the  control 
of  the  Will.  The  same  may  be  said  of  the  ejcpidsor  muscles  concerned 
in  the  act  of  Defecation;  and  of  tlic  espulsors  and  Bpliincter  which 
eflect  and  control  the  act  of  Urination  (§  88). — Looking,  again,  at  the 
movements  which  are  subservient  to  the  Respiratory  process,  we  find 
that  all  those  wluch  are  essential  to  ita  regular  maintenance  are  per- 
formed through  the  int«rmediation  of  the  Spinal  Axis  alone;  that  the 
Will  has  only  such  a  limited  power  over  them,  as  to  bring  them  into 
luirmony  with  ita  other  requirements,  as  in  the  acts  of  vocalization  and 
iu  extraordinary  niuscular  exertions;  and  that  the  stimuloa  by  which 
they  are  commonly  maintained  does  not  even  affect  the  consciousneaa, 
the  'beeoin  de  respirer'  i)nly  tjecoming  sertsihle  when  the  respiratory 
proeeeB  is  being  imperl'ectly  [)ert'oruicd  (§§  299—303).  Not  only  aro 
the  onliuary  respiiAtory  movements  i>erf<inned  through  this  ehaiiuel, 
but  the  aperture  of  the  Glottis  is  regulated  by  it,  in  everything  that 
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coBOems  the  resjiiration ;  and  either  by  its  sp&smodio  clomra 
cutranoe  of  unfit  eubstaucisii,  or  by  the  expubor  effort  of  coagluD|[ 
ia  excilLii  by  tUem  when  tbcj  do  find  their  way  into  the  aix-\ 
theae  passages  are  kept  free  from  solid,  liquid,  or  gaseoiia  particlais  *!••• 
presence  in  them  would  be  injurious.— In  the  expulsion  of  ttie  GoUanii** 
producUi,  also,  the  re&ex  power  of  the  Spinal  Cord  takea  »&  ii 
share.  The  mudculur  coutractious  which  {rroduce  the  Emisia 
are  ejtcito- motor  in  their  nature;  being  independent  of  the  Will, 
not  capable  of  restraint  by  it  when  onee  ft Jly  eKcited ;  aud  haul  {\ 
those  of  Deglutition)  excitable  in  uo  othnr  way  than  by  • 
local  irritation.  It  baa  been  shown  by  ex]ierimeat,  and  also  \^ 
logical  observatioD,  that  the  separution  of  the  lower  portion  of  Uw 
Cord  from  the  uppoi'  dues  not  prevent  theae  movements  trrm 
excited,  although  the  act  is  then  unacconipanied  with  seOAtioo, 
proves  that  sensation  is  not  essential  to  its  perforuianc« ;  «&  the 
baud,  the  power  of  emission  is  auuihilated  by  destruction  of  tiiai 
portion  of  the  Spinal  Uord,  or  by  section  of  the  nerves  which 
genital  organs.  The  act  of  Parturition,  howevei',  seems  to  lie 
dependent  upon  the  Spinal  Cord;  for,  as  will  bo  shown  ber<»A('r(< 
ZTi.,  Sect.  3),  the  contractions  of  the  Uterus,  which  are  alone 
to  expel  the  fcetus  when  there  is  no  considerable  resistance,  an  Mil  Ik 
regarded  as  '  reflex ;'  and  it  is  only  in  the  co-operation  of  thcau 
muscles  which  come  into  play  in  the  second  stage  of  labour,  wkfli 
head  is  passing  through  the  os  uteri  and  is  engaged  in  the  ]>dvie  cv 
that  the  assiatanoe  of  the  Spinal  cord  and  its  nerves  is  cnlled-iu. 
movements,  like  thosci  of  Defecation,  may  W  to  a  certain  extetit 
or  restrained  by  voluntary  efibrt;  but  when  the  exciting  inflnens 
pressure  of  the  head  against  the  pariet««  of  the  vaginal  canal)  hu 
been  fully  brought  into  operation  by  the  uterine  contractions,  the  Will 
little  power  over  them,  either  in  one  way  or  the  other.  The  »ni 
influence  of  the  tiphincter  vagiuie  seems,  like  that  of  the  fqiliinctcr 
to  be  dependent  uiwn  the  Spinal  Cord;  and  thus  it  happeoa  thul  "1 
its  tension  and  tliat  of  other  muscular  parts  has  been  destruyol 
death,  whilst  the  uterus  still  retains  its  contractility,  the  power  o( 
hitter  has  siUiiced  for  the  completion  of  the  parturient  proce^  the 
being  expuUed  after  the  respiratory  movements  have  ceased. 

512.  The  Spinal  Axis  ia  not  mei-ely  the  instrument  whcrcb; 
movements  essential  to  the  maintenance  of  the  Oi^nic  functions  an) 
taincd;  it  is  also  subservient  to  other  musoilar  actions,  whose  chanctar 
ia  essentially  protect it'«.  Thus  it  was  ascertained  by  Dr.  M.  Uall*  llwt, 
if  the  functions  of  the  Brain  be  suspended  or  deGtroye<d,  without  atfvlf 
to  the  Spina]  Cord  and  its  nerves,  the  Orbicularis  muscle  will  oontnet,R 
aa  to  occasion  the  closure  of  the  eyelids,  a\wn  their  tarsal  mnrgin  beug 
touched  with  a  feather.  This  fact  is  interesting  in  serei^  poinU  rf 
view.  In  the  first  place,  it  is  a  characteristic  example  of  an  Mi*{itm 
action,  occmring  under  circumstancea  in  which  volition  CMilwt  te 
imaged  to  guide  it,  and  in  which  there  is  no  valid  reason  to  bolieR 
that  sensation  directs  it  Further,  it  explains  the  almost  invsialiUc 
nature  of  the  tendency  to  winking,  which  is  jierformed  at  short 

*  "  Uemuin  «&  tlu  Nenotu  SfBtem,"  tS3T,  p.  61. 
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by  the  contraction  of  the  Orbicularia  muscle;  this  ia  evideaUy  a  reflex 
action,  capable  of  being  in  some  degree  restraiiieii  (like  that  of  respira- 
tion) by  tlie  will,  but  only  until  such  liiue  as  the  stimuluH  (resulting 
perhaps  Irom  the  collec-tlon  of  minute  particles  of  duat  upon  the  eyes,  or 
from  the  dryncsa  of  tlieiraurfaee  in  constqueuoe  of  eTnjwration,)  becomes 
too  strong  to  be  any  longer  reaiated.      The  nervous  channul  through 
which  thifl  action  is  performed,  is  completed  by  the  fii-at  branch  of  the 
Fifth  and  the  Portio  Dum  of  the  seventh.    Again,  we  have  in  aleep  or  in 
apoplexy   an   example   of  this   purely   spinal  action,  uiibalanced  by  the 
influence  of  the  will,  wliich,  in  the  waking  state,  anlsigonizca  it  by  calling 
tlie  levator  palpebiw  into  action.     As  soon  as  tlie  will  cesiaes  to  a«t,  the 
lids  droop,  and  closit  over  the  eye  so  as  to  protect  it ;  luid  if  those  of  a 
sleeping  person  be  sejiaiated  by  the  hand,  they  will  be  found  presently  to 
rotum.      Here,  as  in  studying  the  respiratory  and  other  nuiveineuta,  we 
are  l»yi  to  jjerccive  that  it  ia  the  Brain  ainue  whicli  Ih  torpid  during 
sleep,  and  whose  fuuctioiiH  are  affect«l  by  this  torpidity.     As  Dr.  M.  Hidl 
very  justly  reumrks,  "  the  Spiiiiil  systeTU  never  sleeps  ■"  it  ia  constantly  in 
activity ;  and  it  ia  thus  that,  in  all  periods  imd  pliRsea  of  Life,  the  move- 
ments which  are    essential  to    its  continued    maintenance  are  kept-up 
without  sensible  efl'ort.— The  closure  of  the  pupil  against  a  strong  light, 
ia  another  movement  of  the  eamc  protective  tendency.     The  contrac- 
tion of  the  pupil  is  immediately  caused  by  the  Tliird  pair,  or  Motor 
Oculi,  as  is  easily  shown  by  irritating  the  trunk  of  that  nerve  and  oliserv- 
ing  the  result;  but  the  stimulus  which  excites  it  isconveyeil  through  the 
Optic  nerve.    Yet  although  the  conti-action  of  the  pupil  is  usually  in  close 
acconlnuec  witli  the  atnsruimi  occasioned  by  the  impression  of  light  uj>on 
the  retina,  yet  there  is  evidence  to  prove  that  the  sensation  of  light  ia  not 
aiwaj-s  neceaaaiy :  for  even  when  the  sight  of  both  eyes  has  been  entirely 
destroyed  by  amnui'oaia,  the  normal  actions  have  been  witnessed  in  the 
pupil,  in  accordance  with  the  varying  degi-ees  of  light  impinging  on  the 
retina.      Such  cases  seeiu  to  iuilieate  that  the  motion  results   from  an 
impreasimt  upon  the  ■■etina,  which  impression  Iwing  conducted  to  the 
fieuBorium,  oi*diuarily  prmluccs  a  sensation  ;  but  that  even  where  no  sen- 
sation (8  prtnluced,  on  accomit  of  a  diaordered  state  of  tlie  part  of  the 
pnglionic  centre  in  which  the  Optic  nerve  terminates,  if  the  central  tract 
which   connects  that  nerve  with  the  Third   pair  retain  its  integrity, 
the  reflex  contraction  of  the  pupil  may  still  be  excited  through  it.      The 
rarity   of   the  occurrence    ia    easily  oooounted-for,  by  the  fact  that  in 
most  cases  of  amaurosis,  the  disease  lies  in  the  retina  or  in  the  trunk  of 
the  nerve,  and  thereby  checks  l>otb  its  spinal  and  its  encephalic  actions. 
—Although  we  are  not  at  present  acquainted  with  any  similar  protec- 
tive movements,  in  the  Human  being,  designed  to  keep  the  organ  of  Hear- 
ing from  injury,  yet  there  can  be  little  douitt  that  those  whinh  we  are 
conatuntly  witnessing  in  other  animals,  possessed  of  large  external  ears,  lira 
reflex  action.s  excited  by  the  irritation  applied  to  them.      In  regard  to  the 
Nose,  we  find  a  remarkably  complex  action — that  of  Sneezing — adapted 
to  ilrive-ofl"  any  cause  of  irritation  (J  306).     The  stimulus  iaconveyeil,  in 
this  case,  not  through  the  Ol&ctory  nerve,  but  through  the  Fifth  pair; 
so  that  it  ia  not  dependent  upon  the  excitement  of  the  sensation  of  SmclL 
The  act  of  Coughing,  also,  may  be  rcgardeil  as  of  a  protective  character ; 
being  destined  to  remove  sources  of  irritation  from  the  air-passages. 


TvscTunn  or  thx  CKUEBBO-apiNAL  KKXvotia  rnnoL 

Many  of  the  autoinatio  niovemenbi  performed  by  the  limlw  ot  1 
and  other  uniiiinU,  wLeu  Ihcir  conniption  witb  the  bmia  Iwtbavai 
off  (§  50j),  appiair   diMitmcd    to  remove    tbeec    pnrts  from 
irritatioa  or  injury;  and   they  may  thus  be   rigUtly  pl«cad  sate  I 
eame  category. 

513.  The  fact  that  Senjiation  ia  very  commonly  a»totial«d  wiA  i 
reflex  actions  we  linve  been  cwosidering,  being  prodnced  by  the  iinjii 
tliat  exuiti'H  them,  hna  led  many  to  suppose  that  it  necessarily  [ 
(lates  in  them ; — a  doctrine  whioli  we  have  seen  to  be  unt^naltlt 
the  question  not  unjiatumlly  arines,  v?hy  Beuiution  ahonld  so  oan 
jiorticipiite  in  these  opeiutiona,  if  not  esacntini  to  them ;  and  tin- 1 
to  this  question  is  to  be  found  in  the  fact,  that  it  is  only  throot'b  i 
tion  tliut,  a  higher  set  of  actions,  nieatul  and  bodily,  is  called  into  | 
which  ia  eaaeiilial  to  the  conliniied  maiiitiftuince  of  thos 
the  pi-esent  category.  Illustration!!  of  this  truth  might  be  dmni 
any  of  the  functions  already  noticed;  but  the  Iiigesti<m  of  food  ' 
supply  lis  with  one  of  the  uiO!<t  apposite  We  have  seen  that  tie  «t4 
Deglutition  la  in  it^^lf  indepciideiit  of  i»enaation;  ojiytliiiig  thatt 
within  the  grasp  of  the  pharyngeal  coiLstrietars  being  eonmyed  < 
wai-da  by  their  reflek  contiiictioti.  just  as  anything  which  touchtti 
arms  of  a  Polype  is  enlrnp]ied  by  them  and  di-awn  into  ih* 
But  this  action  is  attended  with  sensation,  in  the  onlinary  coiiiltlii«< 
the  higher  Animal,  apparently  iii  order  that  guidatice  may  b« . 
afforded  in  the  jicrfomiancc  of  those  other  movemeuts  of  pcvb 
moslicatiou.  &.c,  by  which  the  food  may  be  brought  within  mu.'li  i 
apparatii.'i  (if  [l(>^lutitiuii ;  and  thi>  eemiatioiis  which  are  linked  witli  t 
ai'e  among  the  influetiees  which  prompt  to  those  higher  mental  ojicniinBt.' 
whei"eby  food  is  pnivided  for  the  digestive  apfioratus  to  iiiuke  iw  <i. 
The  Zoophyte  is  dependent  for  its  supplies  of  aliment,  ujion  wluit  lb* 
currents  in  the  sun'ounding  fluid,  or  other  chauo«s,  may  brmg  iiiWi* 
neighbourhood;  and  if  these  should  tail,  it  starves.  The  ancuo(i|iliUM> 
Infant,  again,  can  awallow,  and  even  sacV;  but  it  can  execute  tLoothv 
movemeuts  ad.ipted  to  obtain  the  supply  of  food  continually  dm^btt 
for  its  moiuteuaiice,  because  it  has  not  a  mind  which  sensations  cnoM 
awake  into  activity.  The  sensation  connected  with  escito-molor  actiimi 
has  not  only  this  important  end,  but  it  frequently  contribute)  to  rniiir- 
ment,  as  in  Suction  and  Ejaculatio  scmiuia.  The  sensation  aocotiii 
ing  the  actions  of  this  class,  moreover,  frequently  ajfords  preDiou.Li^ 
of  danger,  or  ^vea  excitement  to  supplementary  actions  destuwd  to 
remove  it,  as  in  the  case  of  Respiration;  for  where  anything  tnttir&ni 
with  the  due  discharge  of  the  function,  the  uneasy  sensation  that  canOi 
occasions  unwonted  movements,  which  are  more  or  leas  luiijitid  W 
remove  the  impediment,  in  proportion  as  they  are  guided  bv  judpin-ntu 
well  as  by  coiiscioiLsness.  Again,  sensation  often  gives  wamiiig  ttgaintf 
inconvenience,  as  in  the  Excretory  functions ;  and  here  it  is  very  uvvlflit, 
that  its  purpose  is  not  only  (if  it  be  at  all)  to  excite  the  asaiicisleJ 
muscles  necessary  for  the  excretion,  but  actually  to  make  the  Will  «t 
up  the  antagonizing  action  of  the  sphincters  (JJ  88,  89), 

514-   We  have  now  to  inquire  how  far  the  independent  action  of  I 
Spinal  Cord  is  concerned  in  the  genera!  muscular  movements  of  T 
and  especially  in  the  locomotive  actions  of  his  infeiior  extremilica, 
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this  point,  it  is  obvious  that  we  must  aot  be  guidud  bj-  the  annlogy  of 
the  lower  animab ;  siuoe  the  ItHwunotive  luiii  othei-  inoveineuls  of  Mau 
are  for  tht-  most  part  volitional  ami  purposive,  and  he  hiL9  to  ocijuire  by 
experience  tliat  control  over  his  uiiscid^r  apparatus  wliich  is  necessary 
to  enable  him  to  perform  them ;  wliilat  in  Invei-tebrata  genei-ally,  and  in 
a  large  pai-t  of  the  lower  Vurtebrata,  it  ig  evident  that  tho  movomeats  of 
progression,  ic.  which  are  cliaracteristic  of  each  species,  come  under  the 
general  category  of  automatic  actions,  and  are  provided-for  in  the  original 
organization  of  its  nervous  centres,  being  [lerformed  witiiout  any  educa- 
tion, and  under  circumstances  which  rendi^r  the  notion  of  a  purpose  on 
the  Animal's  own  part  tjuite  untenable.  In  so  far  oa  tliese  instinctive 
movements  [■equire  the  guidance  and  direction  of  sensation  b,  they  must  be, 
referroJ  to  the  '  conaensuiir  group;  but  clear  evidence  la  uffordeil  by  the 
continuimce  of  many  of  them  after  the  removal  of  the  centres  of  aensation, 
that  they  are  cxcito-niotor  in  their  eharaeter,  and  that  they  i-equiro  no 
higher  cunti'i",  than  tho  ganglia  wliich  correspond  to  the  Spinal  Coi'd  of 
Man.*  There  ca.u  be  little  doubt  that  the  habitual  movements  of  loco* 
motion,  and  others  which  have  become  '  secondarily  automatic,'  may  be 
performe-l  by  Man  (under  pirticular  circumstances)  through  the  agency 
of  the  Spinal  Cord  alone,  under  the  guidance  and  direction  of  the  Sen- 
sorial centres,  or  even  without  such  guidance;  the  reijuired  c(mditi<)n 
being,  that  the  influence  of  the  Cerebnim  shftll  bo  entirely  witlulniwn. 
Thus,  numerous  instances  are  on  record,  in  which  soldiers  have  continued 
to  march  in  a  sound  sleep ;  and  the  Author  has  been  assured  by  nii  intel- 
ligent witne^  that  he  has  seen  a  very  accomplished  piiuiist  complete  the 
performnncc  of  a  piece  of  music  in  the  same  state.f  A  cose  has  been 
mentioned  to  him  by  his  friend  Dr.  William  Budd,of  a  patient  labouring 
under  tliat  form  of  epilepsy  in  which  there  was  simply  a  temporary  sus- 
pension of  conscioufluess  without  convulsion,  who,  whenever  the  paroxysm 
came-on,  persisted  in  the  kind  of  movement  in  which  he  was  engaged  at 
the  moment;  and  thus  on  one  nonasion  foil  into  the  water  through  con- 
tinuing to  walk  onwards,  and  frequently  (being  a  shoemaker  by  tnide) 
wounded  his  lingei-s  with  the  awl  in  his  hand,  by  a  repetition  of  the 
movement  by  which  he  was  endenvouring  to  pierce  the  leather.  Such 
facte  as  these  add  great  stivngth  to  the  piobahility,  that  when  the  Cere- 
bral power  is  not  suspended,  but  merely  dii'eotcd  into  another  channel, 
as  in  the  states  of  Reverie  or  Abstraction,  and  the  attention  is  entirely 
dmwn-ofT  from  the  movements  of  locomotion,  the  continuance  of  these  is 
due  to  the  independent  automatic  action  of  the  Spinal  Cord,  the  direction 
being  given  to  them  by  the  Sensory  Ganglia.  This  point,  however,  will 
be  more  fully  considered  hereafter  (§  640) ;  at  present  it  may  be  remarked, 
that,  when  a  regular  train  of  movements  is  being  performed  under  such 
conditions,  every  single  action  may  be  probably  regarded  as  affording  the 
Blimulufl  to  the  next;  each  contact  of  the  foot  with  the  ground,  in  the 
act  of  walking,  exciting  the  muscular  contraction.^  which  constitute  the 

•  8m  "  Princ.  sf  Comp.  Phj^,"  §S  MB  -85*. 

t  In  plATtDg  bf  memury  nn  s  iDUHii»!  ioBtruiaeiit,  Iti?  muini/ar  iiciine  odcn  suKg<^iit«  Ihe 
■eqileDue  of  morenientA  witb  morv  oortainty  LIikti  the  otnlU'/rtt;  luid  hldcp  the  irupret^ionH 
deriTtd  fmm  the  mnBolM  mny  prompt  and  regulnlc  succsBsionttl  inovemtnl*,  nilliuut  otfect- 
iog  tlio  PoDwiuDKueaa,  tliere  is  nii  anch  imprubabilitj  in  the  nbure  italfimonl  u  might  it 
Snt  nght  BppeAT. 
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next  step  ;*  itiiil  each  movement  of  the  musician  prompting  that  whioU 
haa  eilstoumrily  followed  it,  eXh^r  thu  same  fushiou. 

Sin.  Now  in  all  these  cases,  it  seems  reosonahle  to  infer,  that  theaame 
kind  of  ccmnection  between  the  excitor  and  motor  nerves  conies  to  be 
formed  by  a  process  of  gradual  development,  as  originally  exisUi  in  the 
nervous  systems  of  those  animals  whose  movements  are  entirely  auto- 
matic; this  portion  of  the  nervous  system  of  Man  being  so  constituted, 
as  to  grow-lo  the  mode  in  which  it  ia  habitually  called  into  play.  Such 
au  idea  is  supjKirted  by  all  that  we  know  of  the  formation  and  perBislenw 
of  iuibils  of  nt'rvo-muBcular  action.  For  it  is  a  matter  of  uijiversal  es- 
pcnencu,  that  such  habils  are  fur  more  r»Ldily  acquired  during  the  periods 
of  infancy,  chddhood,  and  youth,  than  they  are  after  the  attainment  of 
advdt  age;  and  that,  the  earlier  they  are  acquired,  the  more  tenaciously 
are  they  retained.  Now  it  is  whilst  the  organism  ia  growing  most  rapidly, 
and  the  greatest  amount  of  new  tissue  is  consequently  being  formeil, 
that  we  should  expect  such  new  connections  to  be  most  readily  esta- 
bliahed;  and,  it  is  then,  too,  that  the  aflsimilative  processes  most  readily 
take-on  that  new  mode  of  action  (§  346),  which  often  becomes  so  com- 
pletely a  'second  nature,'  as  to  keep-up  a  certain  acquired  mode  of 
nutrition  through  the  whole  subsequent  IJfe.  It  is  an  additional  and 
most  important  conlimiation  of  tliia  view,  to  find  that  when  a  nerve- 
trunk  has  been  cut-across,  the  re-establishment  of  it-s  conductive  power 
which  takes-place  after  a  certain  interval,  is  not  efiecCed  hy  the  re-union 
of  the  divided  tibrea,  but  by  the  duvdopmenl  of  a  new  set  of  [lenphcrsl 
fibres  in  the  place  of  the  old  ones  (which  undergo  a  gradual  degeneration), 
tliis  development  proceeding  from  the  point  of  section,  and  the  centrnl 
fibres  remaining  unaltered. t — Tliat  an  a<!tiial  continuity  of  nei've-fibre*, 
however,  is  not  requisite  for  the  eBtablifllimsnt  of  those  connections 
between  excitor  and  motor  nerves,  in  which  the  central  organs  take  part, 
seems  probable  from  the  fact,  that  under  (larticular  circumstances  we 
find  the  influence  of  such  impressions  radiating  in  every  direction,  and 
extending  to  ncr\'es  which  they  do  not  ordinai-ily  afl'ect  (Sect,  S).  Still 
there  can  be  no  doubt  that  the  nerve-force  is  disposed  to  pass  in  special 
Inmk/i;  and  it  seems  probable  that  whilst  some  of  these  are  originally 
marked-out  for  the  automatic  movements,  others  may  be  gradually  wom- 
in  (so  to  speaJt)  by  the  habitual  action  of  the  Will ;  and  that  thus,  when 
a  train  of  Bequentid  actions  primarily  directed  by  the  Will  has  Wtn  once 
set  in  opei-ation,  it  may  continue  without  any  further  influence  from  that 
source. 

516.  Another  manifestation  of  the  independent  power  of  the  Spinal 
Cord,  is  seen  in  ita  influence  on  Mitacidar  Teiisum. — The  various  muAcles 
of  the  body,  even  when  there  is  the  most  complete  abe^ace  of  effort, 
maintain  in  the  healthy  state  of  the  system,  a  certain  degree  of  firmness, 
by  their  antagonism  with  each  other;  ami  if  any  set  of  muscles  be  com- 
pletely paralyied,  the  opposing  muscles  will  draw  the  part  on  which  they 
act,  out  of  its  position  of  repose;  ns  is  well  seen  in  the  distortion  of  the 

*  The  truth  of  this  viavr  Heeioa  to  the  Author  to  be  ^ron^1^  Hnppnrt^?'!  by  ohfvrmliotl  ot 
the  moilo  in  vbi'^h  lodiDti'  tiuirn  to  walk  ;  fur  it  may  ulUn  be  oWrvc-d  that  lang  before 
Ibey  can  EtoDil,  t>ii.-y  will  iDHtiai:tiYbIj  [icrf,irui  the  mceomentB  of  walldng,  if  the;  bt  M 
luppurtcil  thnt  the  feel  tuuob  tbu  grguail. 

t  8ee  Dr.  Wnller'a  important  rcsoarohffli  on  the  RoprodoeWon  of  Nervomt  SnbcUnm,  in 
"Miiller'a  AmhiT.,"  1852.  liafl  iv. 
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whidi  is  dMiriu-tirristic  of  pmalyais  of  tlie  Is^iiil  nerve  on  one  eifle. 
.  DOUdittoti  liiui  biH-u  desigiuLttiii  an  the  toiie  ot  tliii  Muaclcs;   but  tliis 
mulara  it  liaiAv  to  lie  oonfonudeil  with  their  loitie   Etmtrae>i«n, 
is  kIsu  ctnicoriied  iu  inaintaiiiing  their  tirmnesa,  but  whieh  is  a 
■iMm  of  ihv  Hiiuple  contractility  of  their  tissue,  and  is  exhibit«il 
bj  the  Btrialetl  imii  the  uon-striat^  fomis  of  mnseulnr  libre,  hut 
MpfvUUy   hy  tlie   btter.      (S.-o  Phinc,   OF  Gen.   Phis.)     On   the 
hftiid,  the  oomlitiou  now  alludud-to,  wliich  may  fwrhaps  be  appro- 
Jy  tmueil  Ibeir  Ungiun,  is  the  result  of  a  looderat*  tliough  con- 
I'xcitfiueQt  of  that  contractility,  through  the  nervous  oentres. 
I   Ui'u    proved   hy  Dr.  M.  Hall,  tliat  the  Muscular  Teiisidn   is  de- 
nt, tint  upon  the  iuSuence  of  the  Brain,  but  upon  thiit  of  theHpiiial 
AS  the  fullowing  exjieiiraeDto  domouBtrate. — "Two  Rabbits  were 
;  (roBi  nno  the  head  w-ns  removed  ;  fn.im   the   other   also  the  head 
mBOV«d,  and   tlic  s]iiDal   marrow  was  cautiously  destroyed   with  a 
I  instnimetit :  llic  lunbB  of  the  former  retained  a  certain  degree  of 
.  kiul  eUsticity;  those  of  the  seeond  were  perfectly  lax."      Again: 
I  limlM  uul  tail  of  a  decapitated  Turtle  pra^9fSBe<l  a  certain  rlegret? 
I  flrrntMaa  or   tone,  recoiled  on   being   drawn  from  their  jiosition,  and 
veil  with  energy  ou  the  application  of  a  stimulus.     On   withdrawing 
marrow  gently  out  of  its  canal,  all  these  phenomena  ceased, 
iha  were  no  longer  obeiliant  to  stimuli,  and  became  perfectly 
hftving   lost  all   tbe'ir  re.tilience.      The  s|>hincter  lost  its  circidar 
I  Ukil  eont«ict«d  atiite,  lieeoming  lax,  flaci'id,  iLnd  shapeless.     The  tail 
( ^Mxid,  and  unmowid  on  the  application  of  stimuli."  *     It  is  further 
kcd   by  Messrs.  Todd  and  Bowman,  that   "  a  decapitated  frog  will 
aae  in   the  sitting  posture    through   the    inSuenee   of  the  spinal 
bnt  inun«diat«ly  this  organ  is  removed,  the  limbs  fall  apart." — 
I  Dpcrmtion  of  the  Spinal  Cord  is  doubtless  but  a  peculiar  manifesta- 
I  of  il*  ordinarv  refles  fiinctiou.      We  shall  hereafter  see  (§  541)  how 
I  the  influence  of  the  Will  in  producing  the  active  contraction  of  a 
a  dependent  upon  sensations  received  from   it ;  and  it  seems 
iljr  probable,  that  the  impression  of  the  state  of  the  muscle,  con- 
mI  by   the  afl'erent   fibrea  proceeding  from  it  to  the  spina]   cord,  is 
aiait  to  excite  this  slatri  of  m(>dnrat«  tension  through  the  motor 
arising  from  the  latter.     Such  a  view  derives  probability  from 
fiict,  which  must  have  fallen  nndor  the  observation  of  almost  every 
,  iluit   most   reflex  actions  become  iucreaaed  in  energy,  if  resistance 
mule  to  them.      Of  tins  wc  have   familiar  examples  in  the  action 
the    rxpulsor  muttcles,  which    operate  in  defecation,   urination,  and 
ritioti,  if,  when  they  are  strongly  excited,  their  efforts  be  opposed 
ijiiiiiiiiilii    contraction   of  the   sphincters,  or  hy   mechanical  means. 
ny  fortns  of  convulsive  movement  exhibit  the  same  tendency,  tlieir 
being  proportional   to   the   mechanii^al    force   used   to   restrain 
uf    -Here  it  is  evident  that  the  imjrreMioH  i\f  r&nntanre,,  conveyed  to 
Cord,  is  the  source  of  the  increased  cnci-gy  of  its  motor 
from  which  we  may  fairly  infer  that  the  moderate  resistance, 

■  ■'  Hnaviia  on  the  fSemat  %il«in,"  1B3T,  p.  93. 

\  flinn  tiii^  tdiflnrflit  J  of  tfae  CDicmou  j)rcu:dc6  of  (mdesTonring  to />mrHr  tlie  mo^emonto 
Flhe  limtiBUiil  b»ily.  in  GiUTulsiFe  parbxysmE,  b]r  mcchiuiii^l  cuaatrunt.  Nothing  alidutd 
(iMHVMd,  bnt  oliat  ii  requlmte  to  goird  lie  niiStirer  fruto  -iiimg,  biiniielf  ua  injur;. 
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occasioned  hy  tbo  natural  Mitagoiiism  of  the  miiscl^^  is  ibe  Mtnw 
their  continued  and  moderate  tension,  whiJst  they  are  mniw  th'  in| 
fluence  of  the  8pinul  Cord.     This  constant  though  gentle  ftc 
to  keep-up  the  nutrition  of  the  muscles,  which  are  paralysed  i' 
and  this  ia  still  mote  completely  maintained,  if  the  jkorlioa  of  tlir  i 
centres,  with  which  they  remain  connected,  be  so  unduly  irritabk 
the  muscles  are  called  into  contraiAion  upon  tbe  8light«st  exdt 
are  thus  continuidly  exhibiting  twilchinga,  etartin^  or  Riore 
oon^'ulsive  movonients.     It  is  upon  the  continuiinci>  of  the  nntriti 
the  muscles,  that  the  persistence  of  their  contrautility  depends ;  luiil  I 
tlic  Spinal  Cord  has  an  indirect  influence  upon  this  |iei-tiliar  \» 
which  b  more  likely  to  1je  retained,  when  the  muscle  is  rtill  guhjt 
the  influence  of  the  Spinal  Cord,  though  cut-off  from  that  of  the  I 
than  wheu  it  is  completely  paralysed  by  the  entire  aepuatinn  of  I 
connection  with  the  nervous  centres. 

3.  0/tlte  Sauory  Ganglia  and  their  Fimctumt. — Ctmaeiuuai  Jf« 

517.  At  the  base  of  the  Bnun  in  Man,  concealed  hy  the 

Hemispheres,  but  still  readily  distinguishable  from  them,  we  fiml  &  i 
of  ganglionic  masses ;  which  are  in  direct  connection  with  th''  ni-rrnl 
of  Sensation ;  and  which  appear  to  havi'  functions  quite  imh  | 
those  of  the  other  compooeuts  of  the  Euccphnlon. — Thus  an'' 
have  the  Ol/aeiitf  ganglia,  in  what  are  commonly  termed  tbe  '  bulb 
expansious  of  the  Ollactive  nerve.'  That  these  are  real  ganglia,  is  [miT 
by  thoir  containing  grey  or  vesicular  substance;  and  their  seprntiMl 
from  tbo  general  mass  of  the  Encepholou,  by  the  peduncles  or  fcoti 
commonly  termod  the  '  trunks '  of  the  Ol&ctory  nerves,  finds  ite  i 
in  many  specica  of  Fish.  The  gangUonic  nature  of  theee  nuiuts 
more  evident  in  many  of  the  lower  Mammalia,  in  which  the  on^  til 
Smell  is  higldy  developed,  than  it  is  in  Man,  whose  oUactive  powm  (itl 
comparatively  moderate. — At  some  diatauce  behind  these,  we  Imvr  ihfl 
representatives  of  the  Optic  ganglia,  in  the  Tubercula  Qnadrigiuuiui,  lol 
which  the  principal  part  of  the  roots  of  the  Optic  nerve  iiiav  be  I 
Although  these  bodies  are  so  small  in  Man,  in  compiuisou  witli  thci 
Encephalic  mass,  as  to  bo  apparently  insignificant,  yet  they  uc  uu 
larger,  and  form  a  more  evidently-important  part  of  it,  in  many  of  1 
lower  Mammalia ;  though  still  presenting  tlie  same  general  Etsp«ct. — T 
AtuiitoTij  ganglia  do  not  form  distinct  lobes  or  pntjectioiis ;  but  tn 
lodged  in  the  substance  of  the  Medulla  Oblongata,  Tlieir  real  char 
is  most  evident  in  certain  Fishes,  as  the  Carji ;  in  which  wc  iraoe 
Auditory  nerve  into  a  ganglionic  centre  as  distinct  as  the  Optin 
glion.  In  higher  animals,  however,  and  in  Man,  we  are  able  to 
the  Auditory  nerve  into  a  small  moss  of  vesicular  matter,  which  Um  < 
each  aide  of  the  Fourth  Ventricle ;  and  although  this  is  btdged  in 
midst  of  ports  whose  function  is  altogether  different,  vet  there  aeemi  1 
reason  for  doubting  that  it  has  a  character  of  its  own,  and  that  it '» 
really  the  ganglionic  centre  of  the  Auditory  nerve. — In  like  mMUWf. 
we  may  probably  fix  upon  a  collection  of  vesicular  matter,  imbdW 
in  the  Medulla  Oblongata, — which  is  considered  by  Stilling  m  be  tlif 
nucleus  of  the  Glosao-phoryngeal  nerve,  and  to  wliich  K  person  of  tlw 
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_■  root  of  tbe  Fifth  piui-  may  be  also  traced, — as  representing  tbe 
Otutator;/  ganglion. 

518.  At  tbe  Ijuse  of  the  Cerebral  Hemisjibei'Es.  we  find  two  nthpr 
large  gs.ngli'niic  niassea  on  eitlier  side;  thnmj;h  whii-li  nearly  nil  tbe 
fibres  ap|)ear  to  puss,  that  couiiect  the  Ilemisjphereti  with  tbe  ileilulla 
Oblongiitu :  namely,  the  T/ui^-aiiti  Oplici,  and  the  Corpnra  .'Striata.  Now, 
although  these  are  commonly  regai'ded  iu  the  l^ht  of  appendages 
merely  to  tlie  Oerebitil  Remiapberes,  it  ia  evident  Jrom  the  liLr^  quan- 
tity of  vesifular  matter  tbey  contain,  that  tbey  must  ratdt  us  inde- 
pendent ganglioniu  eeutrea;  and  this  view  is  supported  alike  by  the 
evidence  of  Comparative  Anatomy,  mid  liy  that  afforded  by  the  history 
of  Development.  For  it  is  certain  that  the  size  of  the  Thalami  Optici 
and  Corpora  Striata  presents  no  more  relation,  in  different  tribes  of 
aJiiioals,  to  that  of  the  Cerebrum,  titan  doee  that  of  the  ganglia  of  Speeiid 
Sense;  and  they  may  even  present  a  considerable  development,  when 
the  conilition  of  the  Cerebrum  is  quite  nidiiiientary.  Thus  in  the 
OiwooiiB  Fiahea,  a  careful  examination  of  the  relations  of  the  liody  which 
is  known  as  the  Optic  lobe  (Fig.  SO,  c)  makes  it  apparent  tli.it  this  is 
the  repn-sentative,  not  mttrely  of  tlie  proper  Optic  ganglion  of  SLin,  but 
also  of  tbe  Thakuiim  <.)[rtLciis;  whilst,  iig.un,  the  luass  which  is  desig- 
nated as  the  Cerebral  lobe  (n)  k  chiefly  homologoiia  with  the  Corpus 
Striatum  of  higher  animals.  Tlie  n.iture  of  the  latter  body  is  made 
apparent,  in  the  liigher  Cartilaginou-s  Fishes,  by  the  pi-osonco  of  a  ven- 
tricle in  its  interior;  tbe  floor  of  thia  ca%-ity  lieing  formed  by  the  Corpus 
Striatum,  whikt  tliu  thiu  layer  of  ncrvoua  matter  which  forms  its  roof  in 
the  only  representative  of  the  Cerebral  heniisfibore.  So  in  the  Human 
embryo  of  the  Cth  weak,  we  find  a  distinct  vesicle  for  tlie  Thalami 
Optici,  interposed  between  the  vesicle  of  the  Corpora  Quadrigemiua  and 
that  which  gives  origin  to  the  Cerebral  HemiBpherea;  whilst  tlie  Corjioni 
Striata  constitute  tlie  fliwr  of  the  cavity  or  ventricle  which  esist«  in 
the  latter,  this  being  as  yet  of  comparatively  small  dimensions. — Now, 
OS  nJready  pointetl-out  (§  490),  we  may  distinguish  in  the  Medulla 
Oblongata  and  Crura  Cerebri,  a  gengory  and  a  nwlor  tract ;  by  the  endow- 
ments of  tbe  nerves  which  issue  fi-om  tbem.  The  sensory  ti-act  may  be 
l>e  traced  upwards,  until  it  almost  entirely  spreads  itself  thi-ougli  the 
substance  of  the  Thalamus.  Moreover,  the  Optic  uervea,  anil  the 
[leiiunclea  of  the  Olfactive,  may  be  sliown  to  have  a  distinct  connection 
with  the  Tbalami;  the  former  by  the  tUi'eet  [laisage  of  a  portion  of 
their  roots  into  these  ganglia;  and  the  latter  tiirough  the  medium  of  the 
Fornix.  Hence  we  may  fairly  regard  the  77/a/(iM*  O^rf/ci  as  the  chief 
focus  of  the  Sennori/  nerves,  and  more  es]>ecially  as  the  ganglionic 
centre  of  the  nerves  of  corwio/i  sensation,  which  aacend  to  it  from  the 
MeduUa  Oblongata  and  Spinal  Cord. — On  the  other  hand,  the  Corpora 
iSlriata  are  implanted  on  the  M'llor  tmat  of  the  Crura  Cerebri,  which 
descend  int«  the  PyramiihJ  columns;  and  their  relation  to  the  fibres 
of  which  that  tract  is  composed,  appc&rs  to  be  essentially  the  same  as 
that  which  tbe  Tbalami  bear  to  the  seuHory  tract, — -The  Coqioi'a  Striata 
are  connected  with  each  other,  on  the  median  plane,  by  the  ariltrior 
conunissure ;  and  tbe  Thalami  Optici,  by  the  miji  and  the  posterior  com- 
missures. The  Corpus  Striatum  and  Thalamus  Opticus  of  die  Mune  side 
are  very  closely  connected  by  commissural  fibi'es,  stretching  from  one  to 
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the  cither ;  and,  if  the  preceding  accoaut  of  tht^  r«spe«tiT«  offionof  I 
bodiM  be  correct,   tbtiy  may  be  regardwl  ua  bitriiig  mack  Um 
relntioD  to  each  other,  as  that   wliich  exista  between  the 
anterior  peaks   of  vesicular  matter   in  the  Spinal  Curd;'  Uw 
issuing  motor  im]iiilse£,  in  respondcnce  to  sensations  excit«d  thl(ia|^1 
former.   They  are  also  iiitimiktoly  connected  with  other  gan^i«iue  I 
in  their  neighbiiurljood,  such  as  the  '  locus  niger,'  and  tlie  vencolari 
of  the  '  tuber  nunulare' ;  which,  again,  are  in  cloae  relAtion  vill 
venicalar  matter  of  the  Medulla  Oblongata. 

519.  It  has  been  commonly  Bupposed  that  the  fibres  of  iho 
Cerebri,  aiter  entering  the  Corpora  Striata  and  Thalami  Ojitici,  pmt  i 
tinuoosly  through  these  bodies,  receiviog  '  reinforcements'  of 
fibres  Irom  their  ganglionic  matt«r;  and  that  they  then  radiaU 
internal  surface  of  the  grey  matter  of  the  Cerebral  Henii3]kli«nw 
vould   certainly   be  the  conclusion,  t«  which  u  HUperJoial  ex 
of   their    coar»e  would    lead.      But  very   strong   rea^«ona  hav* 
been  advanced  for  the  holieC  that  the  fibres  of  the  Crura  Cerebri  fori 
most  part,  if  not  entirely,  terminate  in  the  vesicular  autwtaaoe 
Corpora  Striata  and  Tbalaiui  Optici :  and  that  the  radiating  fibrw  I 
Hemispheres  take  a  fresh  departure  from  these  ganglia,  serving,  in 
the  part  of  couuuissures  to  connect  C/teif  TeBicnlar  eulistanoo  « LUi 
of  the  Cerebral  gaugliiL+     And  this  view,  afi  we  shall  her«afW  ai^ 
complete  accordance  with  the  eiisteuce  of  a  rery  decided  }Ayt 
separation  between   these  two   sets   of   organs. — Altogether   it   it  nl 
evident,  that  a  series  of  true   ganglionic  centres   exists  at  the  lam  i 
the   Encepbftlou,   whioh  nre  renlly  an  distliict  from  either  the  'Omt-\ 
brum  or  Cerebellum,  as  the  latter  am  from  each  other;  andaal 
centres  are  in  immediate  connection  with  the  nerves  both  of  tpedaitaii 
general  Sense,  they  may  be  appropriately  designated  the<%nM>ry  I 
—An  inquiry  into  the  distribution  and  endowments  of  their  utrtc^i 
assist  U3  in  the  determination  of  the  functions  of  the  central 
in  which  they  terminate. 

520.  A'ervee  of  Special  Sense. — Through  the  First  pair,  or  Of/* 
nerve,  are  transmitted    the  impressions    made   by  odorous   oma 
upon  the  surface  it  supplies;  and  it  is  not  susceptible  to  inipr 
any  other  kind.      Anatomical  examination   of  the    distributaon 
nerve  proves  that  it  is  not  one  which  directly  conveys  motor  iitfln 
any  muscles,  since  all  its  branches  are  distributed  to  the  membntoel 
the  nasal  cavity;  and  experimental  inquiry  loads  to  the  same  result,  I 
no  irritation  of  the  peduncles  or  branches  exciteu  any  niuacular 
ment.     Further,  no  irritation  of  any  part  of  this  nerve  cxeitea : 
actions  through  other  nerves.     Again,  it  is  not  a  nerve  of 
sensation;  for  animals  exliibit  no  signs  of  pain,  when  it  is  subjoctnl 
any  kind  of  irritation.      Neither  the  diiieion  of  the  nerve,  nor 
deatruction  of  the  olfective  ganglia,  seems  to  inconvenience  them 
rially.     They  take  their  food,  move  with  their  acoiutomod  agility,  i 
exhibit  the  usual  appetites  of  their  kind.     The  '  common'  sensihililf  I 

*  This  yaa  £rst  poiated-uut  by  Uenn,  Todd  tnd  Baimuui,  in  tLdi  "] 
Analomj,"  vol.  i.  pp.  347-360, 

+  See  EqjeciKlly  Measrs.  Todd  and  BoB-miui's  "  Pbysioli^ciJ  Analmij,'  niL  I  ^  VTn 
and  Pnif.  Kiilliker'a  " Mikroekopiiicba  Anatamits''  band  ii.,  !j  IIB. 
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lb*  p«i-ta  contitiiieil  in  the  olfoctjve  ortran  is  in  no  degree  impnired,  ss  ia 

■krwii  tiy  th«  effect  of  irritnting  Vftpcjum;   but  the  auiinals  nre  destitute 

of  titf  Beiwe  of  smvU,  a^  i»  sIiuwd  hy  tbe  way  ia  w-hioh  thet^e  vapouni 

ftflcci  tliKtii ;  for  >t  first  the)-  ujipvar  iniJiH'ereiit  to  their  presence,  and  then 

•tulilftily  and  rehemently  avoid  tboni,  ea  soon  as  the  l^chneidcri&n  mem- 

brmiir  1>.-H.-o(iii>«  irritnUd.    MoreOTer,  if  two  dogs,  with  the  eyee  bandaged, 

mr  ha\  iiig  thr  otfoi'tury  nervea  uid  guiglia  soiuid,  and  the  other  haviug 

hwl  tbam  deitn^eil,  are  brought  into  the  DEiighboiu'faood  of  thi-  dead 

body  of  U  aniinal,  the  fonner  will  examine  it  by  it«  smell ;  whilst  the 

htter,  pvCTi  if  ho  tonches  it,  pays  no  attentioo  to  it.     Thia  experiment 

Valemiiii*  stalfw  Uiat  be  haa  repeated  eeveral  times, and  always  with  the 

nne   r^snlta.      Further,   common   obsen-ation   shows   that  genalbiliti/  to 

irritttnl^.  mich  aa  snuff,  and  aeulfm^w  af  mntll,  bear  no   constant  projior- 

tinn  t4>  one  another:  and  there  is  onij'ie  pntLologieal  evidoace,  that  the 

«WBt  of  this  sense  is  conaectivl  with  tionie  murhid  condition  of  the 

r'tliMocy  Derrea  or  ganglia. — It  is  well  known  that  Magendic  has  niain- 

^'Mmd,  that  the  Fifth  (loir  in  some  way  fumislies  conditions  requisite  for 

tb«  mcwvL'*  uf  the  power  of  smell  ;  asserting  that,  when   it  is  cut,  the 

•tttmal  is  dpprivtid  of  this  sense.    But  hie  experiments  wore  mode  with  irri- 

IMing  Tajaiats,  which  excite  sternutation  or  other  violent  muscular  actions, 

throti^h  the  Olfactory  norve,  but  through  the  Fifth  poir ;  and  the 

.pnrtuiriiU  of  Valentin,  just  related,  fully  prove  that  the  animals  are 

«piifiiiir©  to  odouTt,  strictly  so  calletl,  ijter  the  Ol&ctory  nerve  has 

diiidetl.     The  acuteni«s  of  the  true  senae  of  aniell  is  lMsene<l  by 

tif  the  Fifth  jwir ;  but  this  is  liecause  the  Schuoiiieriau  meutbrauc 

no  longer  duly  moidteiU'd  by  its  proper  secretion,  and,  when  dry, 

I»  las  susceptible  of  the  inipremions  made  by  those  minute  particles 

mianli»tras  substajict's,  to  which  the  eidtement  of  the  senaation  must 

refcrreiL 

1.   Tint  the  Second   pair,  or  Optic  nerve,  haa  an  analogouB   cho- 

',  appears  alike  from  anatomical  and  experimental  evidence.     No 

or  mechanical  stimulus  of  the  trunk  prixluces  direct  muscular 

nor  does  it  give  rise,  so  far  as  con  be  ascertained,  to  indications 

;  whence  it  may  be  concluded,  that  this  nerve  is  not  one  of 

mon'  sensation.    That  the  ordinary  senKibility  of  the  eyeball  remains, 

thr  ftmctions  of  the  Optic  nerve  are  completely  destroyed,  ia  well 

;  as  ia  also  the  fact,  that  division  of  it  puts  an  end  to  the  power 

Valentin  states  that,  although  the  Optic  nerve  may,  like  other 

be  in  appearance  completely  regenerated,  he  haa  never  been  able 

cAjtain  any  evidence   that  the  power  of  sight  has  been  in  the  least 

RcoTemL    Ug  remarks  that  animals  suddenly  made-  blind  exhibit 

mi^ntnl  disturbance,  and  perform  many  unaccustomed  movements ; 

that  tho  rompietc  abseuoe  of  the  power  of  vision  is  easily  Biicertained, 

lid  changes   are   sometimes  obaei-ved  to  take  pliu:e  in  eyes,  whose 

.Optii'  Een'e  haa  been  divided;  but  these  ore  by  no  means  so  constant  or 

«i  rili-ii!uve,  afi  when   the    Fifth  piiir  is   jiaralysed;   aud  they  may  not 

!iD|W)b«bly  be  attributed  to  the  injury  occasioned  by  the  ojieratiou  itself 

lo  IliE  farta  within  the  orbit. 

632.  The  Optic  nerve,  though  analogous  to  the  Oliactory  in  all  the 

*  " Da  FoDctionibsa  Nervoram  CerebiaUum,"  kc,  Bemie,  1839. 
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pointa  hitherto  mentioneii,  differs  from  it  in  one  impnrtnnt  rwpdrt  r 

it  has  thu  [lower  c>f  cijnveyiug  imiireasiona  which  eicite  r</tr^  niu 
motioos.      This  is  eafieciiilly  the  case  in  regard  ttj  tbtj  Irijs  tlir  <*Oii 
actiooa  of  which  are  regulated  liy  the  degree  of  light  im|>iiijjiiij;  m 
retina.     When  the  Optic  nerve  is  divided,  contmction  of  tl«  yis\v]  itkt 
place;   but  this  does  not  occur,  if  the  coimection  of  thia  ui-r*''  "ill 
the  tdird  pair,  through  the  nervoua  centres,  h<<  in   any  *«y  intermp 
After  such  division  (if  complete),  the  state  of  the  pupil  is  nut  BlTr<rU<il  I 
variatioDS  in  the  degree  of  light  impingint;  on  the  tvtiua ;  ejtwpl  in  | 
ticular  cases,  in  which  it  is  influenced  through  other  chunncU     Thtu,! 
a  patient  suffering  under  aiaauroais  of  oue  eye,  the  pujiil   of  Ihi-  aikii 
eye  ia  oAen  found  to  vary  in  size,  in  acoordajiee  with  that  of  Uif 
eye;    but    this   effect    ia  due  to   the  action   of  light  on  the  rttiai 
the  sound  eye,  which  prwiucfs  a  motor  change  in  the  tliiril  fair  on  1 
aides.     Further,  aa  already  shown  (§  512).  the  imj'rt'aioH  only  nf 
OjHni  the  retina  nisy  give  rise  to  contraction  of  the  pii|nt,  bjri 
action,  when   the   optic  nerve  is  it^ielf  soiuid ;  whilst  no  imntatia 
received   through   the    eye,   in  cousequenoe   of  dL-ea*c   iti  the 
portion  of  the  nervoua  centres.      AlthougL  the  coutractioii  ii(  lb«t  ] 
effected  by  the  influence  of  motor  fibres,  which  proceed  t<i  the  i 
of  the  Iris  from  the  third  pail-  <.•(  nerves,  tlirmnjh  the  Ojihthaliiiic  i 
its  dilatation  (as  we  shaJl  heiiaifter  sen)  depends  tiinm  thp  iii^u 
derives  from  the  Sympathetic  8_vfitera,  of  whieh  thai  ganpliou  for 
— Besides  the  contraction  of  the  pupil,  another  action  of »  "rcflr 
meter  is  pto.IuohI  through  the  Optic  nerve ;  namely,  the  cont 
theOrbiculftrirt  muecle  uudertlif  iuliuenM  of  strong  light,orwhcn«l 
body  issuddenly  brought  near  the  eye.    But  this  cannot  beexoitedi 
a  oonsciotisness  of  the  visual  iiiipresinon ;  in  fact,  it  is  a  tnoveincot  off 
'  consensual'  kind,  produced  by  the  painful  sensation  of  light,  whidi  p» 
rise  to  the  condition  well  chftract«ri«ed  by  the  term  phoUtjAMa^ 
involuntary  character  of  it  must  be  evident  to  every  one  who  hu 
engaged  in  tlie  tretitment  of  diseases  of  the  eyes;  and  the  effect  o(  it  il 
aided  by  a  similarly -in  vol  imtary  moi-ement  of  the  eyeball  itsolf,  whidi  i 
rotated  upwards  and  iuwarils  to  a  greater  eittent  than  the  Wiil  upp 

able   to  effect Another  reflex   movement  excited   through  the 

sense,  is  that  of  Sneezing,  whish  is  induced  in  many  individual  by  I 
sudden  exposui'e  of  the  eyes  to  a  strong  light:  of  the  purely  uiit 
chai-acter  of  this  movement  there  can  be  no  question,  aiuct  it  > 
imitated  voluntarily;  and  that  it  is  not  escito-motor,  is  proveJ  hyl 
fiict  that  it  is  not  excited  unless  the  light  be  «nm.* 

523.  There  is  a  further  peculiarity,  of  a  very  marked  kind,  at 
the  course  of  the  Optic  nerves ;  this  is  the  crossing  or '  decussati'iii '  whid 
they  undergo,  more  or  lens  completely,  whilst  passing  between  tJirir  g»»  1 
glia  and  thu  eyes.     In  some  of  the  lower  animaia.  in  which  the  two  rmj 
(from  their  lateiul  |«isition)  have  entirely  different  spheres  of  vision,  i 
decussation  is  complete ;  the  whole  of  the  fibres  from  the  right  "pti^ 
ganglion  passing  into  the  left  eye,  and  rice  vemd.     This  is  the  cane,  fJ 
example,  with  most  of  the  Osseous  Fishes  (as  the  cod,  halibut,  itc);  mJ' 

■  A  patient  *a»  fnr  Bomp  time  in  the  Loniion  Hiwpital,  in  irbom  thet«*Mm(Ji  lU  unJw 
iinpriun)iilit5  of  the  relina,  lli»t  slii:  cdatd  not  retaain  in  eran  a  modcnitc  ligbl  vilbnl  I 
cuntiniuLl  n:petitioD  af  tlio  act  uf  Saucang. 
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titm,  iti  KTtiit  jiart  at  ieiiat,  with  Birds,*  In  tlie  Huninn  sulijeot,  however, 
4Mil  in  niiimiits  whii'h,  like  liim,  linve  the  aies  of  both  vyee  directed  to 
lb»  ■inii-  "bjert.  the  liccuasJition  eeorns  loss  complete;  but  there  is  a  very 
WniwrkitbU  arrangi'inunt  uf  the  fibres,  whiuli  seems  de«tiued  to  biing  tho 
two  vytm  iiitu  jieculinrly  ctmseiitAiicoiid  actiou.  The  piitlerwr  harder  of 
Um*  Optio  (.'hiadimi  is  foFUied  exuliiNively  of  cmnirUasaral tiiiKu,  which  pfus 
from  oiMi  o/iiie  i/itnylion  to  the  other,  without  entenug  the  r«nl  ojitic  nerva 
Agftiii,  tht!  attl^rior  lH>rder  of  the  C'hiiLsniii  is  composed  of  libres,  which 
lavm,  in  like  wimlier,  to  aot  us  e,  eommiaauro  hetweeu  the  two  reCince; 
(■■■ill);  fri>m  oue  to  the  other,  without  any  connection  with  the  optic 
gftHKlia.  The  tRU!l  which  lies  between  Ihc  two  borders,  and  occiiiiios  the 
wmttU  of  th(!  Uliiaanuk,  in  the  truu  Optic  Nerve;  and  in  this  it  would 
■l^vwr  that  n  portion  of  the  fibrei;  decussutes,  whilst  another  portion 
MMcn  <itn-ctly  from  eooli  0})tic  guiiglion  into  the  corrce|>oadiiii^  eye.  The 
■brm  wliicli  |>n~ie<'^r|  from  the  ^uiglia  to  the  retinae,  and  eiju:>liitnte  the 
ptaper  (^ptic  Nerre«.  may  be  di.-<tinfi:uished  into  aa  inteniiil  iind  nil  ex- 
IwmI  tract.  Of  thime  the  RXtrrnal,  on  eaoh  side,  passes  dii-eutly  ouwards 
(o  iho  *i)'B  of  tlxU  side :  whilst  tht-  internal  crowes  over  to  tlie  eye  of  the 
tffimU  udcL  The  dUtributirin  of  these  tWf>  seta  of  tibrex  in  the  retina  of 
mxh  ryo  n«{vctivety,  is  such  thut,  according  to  Mr.  Mnyo,  the  lihree 
fr,i,.,  .  ,<\.^r  (iptie  gunjtliiin  will  be  distriljuted  fc3i'£g<iu>n((i'fc  ol'Ao'Aeyeajt 
■  |itie  giiuglion  being  thus  exclusively  eonaect^d  with  the-  outer 
I  ■■{  ..I..- retjim.  of  the  right  eye,  and  with  the  inner  port  of  the  retina 
the  left ;  whilst  the  left  optic  ganyiion  is  connected  exclusively  witll 
(inter  aide  of  the  left  retina,  and  with  the  inner  side  of  the  right. 
ta  either  side  of  the  eye  receives  tlie  imayeH  ut  ohjeota  which  are 
tbtr  i.tliBf  side  of  its  axis,  it  follows,  if  tliia  a^ieouiit  of  the  distrihution 
the  nerves  be  correct,  thiit  in  Man,  as  in  the  lower  aiiiuials.  each 
ion  receives  the  impressions  of  objects  situated  on  the  vp/>vfite 
of  the  Uxly.  The  puqui'se  of  this  decussation  may  be,  to  bring  the 
inipivasionfi,  which  ai-e  bo  important  in  directing  the  movements  of 
Iwdy.  into  proper  harmony  with  the  motor  iippuratus ;  so  thut  the 
iou  of  the  Qiotijr  fibres  in  the  pjmmida  beinj^  actompaiiiwl  by  a 
.tiou  of  the  o]itic  nerves,  the  same  ett'eut  is  prijduced  fta  if  neither 
Irrl, — -which  laat  ia  the  case  with  Invertebmted  auiiiials  in  ^cneraL 
'fiil.  Thr  functions  of  the  A irdkori/  ner^-e,  or  I'lrrt'io  MnllU  of  the  7th, 
«Mii]y  dct«nuiiu'd.  by  luiatomicul  examiriation  of  its  distribution,  and 
obserratiou  of  jjathohigical  phenomena,  to  bo  analogrnia  to  those  of 
Mfo  preceding.  Atrophy  or  lesion  of  the  tvu.nk  destroys  the  sense  of 
whilst  irritjition  of  it  produces  a\:ditory  sensations,  but  does 
occasion  [laio.  From  experiments  miule  uj.>ou  the  nerve  before  it 
th«  cranial  cavity,  it  appears  siatistactoi-ily  AscertaiTied,  that  this 
ia  nut  endowed  either  with  common  HL-nsibility,  or  with  the  power 

iSMtkllron  "The  HnniitD  Bnun,"  3ad  «<1)t.,  p.  2SS. 

Tfcii  »iT>ngem«it  wna  finit  lijimlhetipally  sngjjtsUid  bj  Dr.   Wolliuilcn   ("Philm, 

i,"  I8il»,  •»  fnfilitsling  lLb  Mpbiuatiuu  of  sjuieof  tiia  pheotunBiin  of  f ifflon,  nnd 

pMlifului;  rinjle  ri^.m  "itli  Iwn  rjat.     We  ahiill  hereafter  sec,  however,  that  lie 

■nf—  of  tha  imjiriMion  rmulcing  fmiu  tlie  f  >rnui(ioD  of  Iwo  iiiclorea  upun  our  rrtinir, 

ii  B«t  ■MrUiuUl.le  lo  sny  lui'h  nrintiiniii;*!  Hrrangemenl,  their  eombinatioo  litinn  n  nieaUl 

--  OWL  ukI  Uie  l'm.L>.ii,-f  tw.n/.Wmt/ar  pirLurea  LeiEg  r«*ioi>ito  to  ennhWiw  lu  Mercw 

uf  til-  hishisl  »lLriliiwn.f  tlievisaal  souse,  lie  peroeplion  of  prBjerfton.  (SBeeuAP.  X*. 
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of  directly  stimulating  mnscnlar  movement      Mor  can  anjobviouai 
actious  be  eieciited  by  irritatitm  of  this  nerve ;  but  it  seems  i 
by  no  means  improbable,  that  the  muscles  which  regulate  the 
the  Tympanum,  are  called  into  action  by  impr«smona  made  apoB  it  I 
reflected  through  the  auditory  ganglion,  in  the  lame  nuQtwr  W  tktl 
diameter  of  the  pupil  is  regulated  through  the  optic  oerVK.     In  th«  IBT^ ' 
luntory  start.  howeTcr,  which  is  occasioned  by  a  loud  and  OOildM  loaMi 
we  have  an  example  of  a  consemuid  movement   excitad  thrat^i 
Auditory  nerve,  which  is  evidently  anaJogoua  Ui  the  docnre  of  tbe  i 
t«  a  strong  light.     In  certain  morbidly-impressible  states  of  tbv  i 
^¥tem,afl  will  bo  presently  shown  (^d3tj),  the  effect  of  soundaonthst 
apparatus  is  far  more  renuirkabl& — It  has  been  attempted  by  Flocnal 
show,  that  the  division  of  the  Auditory  nerve,  which  proocojt  lal 
Semicircular  cauiils,  ha«  functions  altogether  dilFerent  from  that  [ 
which  supplies  the  Vestibule  and  CochleiL      This  iuferatocv  buniOT,l 
grounded  only  upon  the  movements  exhibited  by  animals  in  which  I 
nerves   ore  irritated;  whjch  movements  oi-e  capable  of  a  dittsmill 
planation  (§  ^31). 

5ii5.  The  nerves  which  minister  to  the  sense  of  TatU,  ftro  dMiiMtl 
the  peculiaritiea  which  distinguish  the  preceding;  being  no  otW  I 
certain  branches  of  oi'diuiiry  atferent  nerree, — the  Fifth  Pair  aad  Gh 
pharyngeal  (§  195) — the  peculiar  eudowmeuta  of  which  seem  to  i 
rather  upon  the  structure  and  actions  of  the  papiUs  at  their  pcri|> 
extremities,  than  upon  anything  special  in  their  own  chancttr ;  fer,  I 
in  the  ease  of  the  onlinnry  nci'ves  of   '  common'  jcaifation, 
irritation  ttpplied  to  them  calls'forth  indicationR  of  pain.— IVtm  U>  i 
servations  and  experiments  of  M.  CI.  Bernard,*  it  appears  thattber 
norve  (portio  dura  of  the  Tth)  aupnlies  some  ooudition  reqoiate  fff  < 
sense  of  Taste,  through  the  branch  known  as  the  Chorda  TympalU,«kMi 
is  the  motor  nene  of  the  Lingualis  muBcle.     When   paialyslB  <f  ( 
Facial  exists  in  Man,  the  sense  of  tanta^  is  very  much  impaired  «o  tl»C 
responding  side  of  the  tongue,  provided  that  the  cause  of  the  poialy 
seated  above  the  origin  of  the  Chorda  Tympani  h-om  its  trunk. 
results  have  been  obtained  from  experiments  upon  other  animals 
nature  of  the  inSuence  afforded  by  this  nerve  is  entirely  onknowa;  : 
it  is  the  more  obscure,  as  the  Chorda  Tympaui  contains  no  scnsoryf 

526.  Nerven  of  Cfmmori  SeiiscUion. — To  the  sense  of  Toiieh,  ■& 
afferent  nerves  of  the  body  (save  the  nerves  of  special  sense)  awMT  I 
minist«r ;  in  virtue — according  to  the  doctrine  already  propounded  ({  M 
— of  the  direct  connection  of  certain  of  their  Gbrils  with  the  Senmri'*' 
oommvne.    But  the  degree  in  wliich  they  are  capable  of  producing  Sra»- 
tions,  does  not  bear  any  constant  relation  to  their  power  of  oxdtia 
reflex  actions.     Thus,  the  Glosso-phHryngeal  is  not  nearly  bo  a«nMl*s«  i 
the  Fifth  pair;   though  more  powerful  as  an  excUor  nerves    The  ~ 
Vagum  appears  to  have  even  less  power  of  arousing  aensoty  chuj^i 
although  it  is  the  most  important  of  all  the  exuitora  to  reflex 
So  again,  the  afferent  nerves  of  the  inferior  extremities,  in  Mail,  an  !<• ' 
concerned  in  nuQistcriiig  to  sensations,  than  are  thoae  of  the  supdnor) 
and  yet  they  appear  to  be  much  more  efficient  as  excitots  (o  aaucviu 


■  "ArcliiTu  liiuinlea  Je  M^deeinc,"  164*. 
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at — Tlu«o  didVreucBG  may  be  acoouiited--for,  by  BUppoaing  tliat 
■rtionwhioh  the  ti1in».bayixig  their centro  in  th«gasgliotii(^ matter 
'tba  ^paiutl  Oord,  bears  to  tUat  of  th«  fibres  whidi  pasa-ou  to  the 
oriniD,  is  not  confft&nt,  )>i]t  ia  liable  U>  variation  in  (liA'eront  nerves  ' 
fonuRT  prMlaminatiiig  in  the  Par  Vagum  and  the  Gioaso-phiLryiTgeal, 
rKiht  (lie  Utter  are  more  numerous  iu  the  Fifth  Pair,  and  in  moat  of 
'  Spinal  uerTi», 

637.  J/vtur  .VwTW. — No  motor  ni'rvea  issue  from  the  Sensoiy  Ganglia 

~  'n  the  Muue  dirertticK  that  ofiereut  neiTes  proceed  towaixla  them  ;  but 

ndtix  actions  of  the»e  centrva  find  3  reaily  channel  in  the  motor 

I  of  the  Cnmio-Spinal  asis  generally.    For,  aa  we  have  seen  (§  490), 

tract  of  the  Crura  Cerebri,  wliich  ia  in  connection  with  the 

Eocepluilic  nerves,  and  alao  (through  the  veaicular  subsbtnce  of 

pinal  Cord)  with  the  anterior  i-oot*  of  the  Wpinal  nen'cs,  posses-up 

'the    Corpora  Striata  and  Coqiom   Quadrigemina.      Although    tile 

oonitection  of  the  olhiT   ganglia  of  Special  Sense  with  the  Motor 

ilunuut,  is  at  present  a  mntttr  of  presuniption  only,  yet  thia  presumption 

Mroiigly  supported  by  tlie  anulu^iy  of  the  tlptic  ganglia ;  the  distinct- 

I  of  tiw  oonnectioD  in  (A<ir  ciLs*  being  easily  ftcc<mnt«?d-for,  when  it  ia 

nbercd  in  how  great  a  degree  the  g«uetal  niowiueuts  of  the  body 

I  gNJiied  by  the  riiiual  sense. 

StS.   /"iinirfi'ima  i/  (fut  S«tt*orj/  Ganglia. — We   have  now  to  consider 

il«<lactii>us   may  be  drawn  with   i-egard  to   the   fiinetions   of  the 

Onnglia  in  Man,  from   the  facta  supplied  by  Comparative  Ana- 

t,  Ijy  Kxpcrimental  inquiry,  and   by  Pathological  plieuomens.      The 

ation  of  tliese  functions  mny  seem  to  b?  the  more  difficult,  as 

Tl  impossible  to   make  any  satisfactory  experiments   upon  the  gan- 

lic  contn;*  in  question,  by  isolating  them  completely  from  the  Cere- 

Hrmis|>herea  above,  and  from  the  Medulla  Oblongata  and  Sjiinal 

IjfIow.      But   tlio   evidence  derived   from   Com[«irative  Anatomy 

to  be  iu  this  ease  particulaily  clear;    and,  rightly  considered, 

OS  nearly  all   tlio   information  we  require.      In  the  series  of 

itnents   prejiared  for  us  by  nature,"  whith  is  presented  to  us  in 

ending  scale  of  Animal  life,  we  witness  the  effects  of  the  gradual 

Ogu  in  the  relative  development  of  the  Sensory  ganglia  and  Cerebral 

iivmispLi-ree.  which  are  presented  to  us  in  desceuding  through  in  the 

^vrt«brati.'d  scale;  and  the  results  of  the  entire  withdrawal  of  the  latter, 

ul  of  the  sole  opeiutioo  of  the  former,  wliich  are  exhibited  iu  the 

Invertebrata   (See  §§  458,  4til,    and   Piusc.  of  Oomp.   Phys., 

r.   xm.).* — Tlius   we  are   led    by  the  very  cogent  evidence  which 

SumpKntive   Anatomy   Rupplits,   to   regurd    tliia    series    of   Ganglionic 

la  consrituting  the  real  S«itKorium;  each  ganglion  having  the 

■  of  rendering  the  Mind  conscious  of  the  impresfdons  derived  from 

;  *  II  i«  vonhy  of  special  notice,  lliat  the  development  of  the  Cephtilic  ijuielis  in  UiB 
ala^^a  riiTBjf  tvan  an  eiact  propoTtioo  to  the  devolL>pment  of  the  ei/n;  the  other 
J  «l  •pMOtl  HDU  being  cumporaliielj  uiii1cTe1u|iVil ;  wLilnt  thchi!,  in  nil  Uie  higher 
lit  ImM,  are  inMrunieot*  of  great  perfertiun,  Hiid  Are  iividently  ennnectod  most  inti- 
^Ittlj  villi  the  ilir^'tLoa  of  tJic  movemcntfl  ef  the  animalfl.  Of  thiA  foot  ve  have  a  ri?iDark- 
>U*  iDiutimtion  ia  the  luitorj  of  the  metaaicirphoi^  of  iDBeets;  the  eyes  bein!!  nlmoiit 
niiliBntarj,  xnl  the  Cephalic  j^^ia  coDiinratiielj  imull,  in  miist  Lume ;  vhilM  ti^tb 
tk(«  organa  attaiii  a  btgb  development  tu  Uie  Inugu,  to  whose  ttctiuDB  the  facull;  of  agbx 
■  I— inlial 
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Uie  or^D  «-ith  wbicb  it  it)  oonneoted.  If  tliis  jiuaitiim  be  4«tii(d,i 
must  cither  rufuHu  the  attribute  of  const.' iouan ess  U>  such  uumli  i 
pOHsesa  no  other  Encephiilic  c^utros  thmi  these ;  or  we  must  bcUiTs  ihu 
the  adciWum  of  the  Cerebral  heniifiphcres,  in  the  Yertebnt«d  eene>,allin 
the  endowments  of  the  Senaoiy  ganglia, — au  idea  which  'a  oooUvy  U 
all  analogy. 

521).  So  far  as  the  results  of  Experimeiita  can  be  relied-on,  LbeiriAnd 
a  corroboratiou  of  this  view.     The  ilegroe  in  which  aiuuwi«  high  tu  lla 
scale  of  organization  can  petfomi  the  ^mctions  of  life,  without  auj  olhv  ' 
centre  of  action  than  the  tiaugLia  of  Special  sense,  tlie  Medulla  Uli 
and  the  Uerebcllum,  ajipears  ezti-aordiuary  to  those  wha  an 
to  regard  the  Cerebral  Hemispheres  as  the  centre  of  nil  ener;^.  Ptod  iW^ 
exijerimentB  of  rioureuH,*  llertwig,t  Mngendie,J   Longet.^  mid  utbcr^  | 
it  appears  that  not  only  Reptiles,  but  Birds  and  Mammals,  m.> 
for  niauy  weeks  or  even  months  (if  their  physical  wants  be  dul\ 
after  the  removal  of  the  entire  Cerebrum.     It  is  difficult  to  sulniimiutoj 
the  existence  in  them  of  actual  geiuation,;  but  some  of  their  niova 
appear  to  be  of  a  higher  kind  than  those  resulting  &<>m  mere  u« 
motor  action.     Quo  of  the  tuoat  reiuorkable  phenomena  exhiknUd 
such  a  buLng,  l»  the  power  of  uaintuimng  its  equilibriniu,  whioli 
scarcely  e<Lidt  without  consciousuess.     If  it  1>e  laid  upon  the  Wk,  i 
rises  again;  if  pushed,  it  walks.      If  a  Bird  ilins  mutilated  be  thrwsl 
into  the  air,  it  flies;  if  a   Frog  l>e  touched,  it  leaps.      It   awallow^ 
and  liquid,  when  they  are  placed  in  ite  mouth ;  and  the  digeOtn  «|n 
tiona,  the  acta  of  exci'etion,  ito.,  take  place  as  usuaL     Iii  the  nn  M  I 
Pigeon  espcrimeu ted-on  by  MjJacorjjs,  which  is  recorded  liy  M 
there  appeal's  >>uffi.cient  pru'if  of  the  iforsistence  of  a  certain  amonllt  < 
aeua.itioiL     Although  the  aniraal  was  not  affected  by  a  Btri.>Dg 
suddenly  made  ti>  61II  upon  its  eyes,  it  was  accustomed,  when  totilinBd  id 
a  darkened  or  paitialiy-illuminated  room,  to  seek-out  the  light  fart*^ 
and  it  avoided  objects  thiU  Iny  in  its  way.     In  the  same  manner,  it 
not  seem  to  he  attected  by  sudden  noises ;  but  at  night,  when  it  slept  «fill 
il3  eyes  closed  and  its  head  under  its  ^ing.  it  would  raise  its  hoKl  is  I 
remarkable  manner,  and  open  its  eyea.  011  the  slighti^st  noLse ; 
relapsing  into  a  state  uf  complete  unconsciousaess.      Its  princii«l  1 
tion  was  to  prune  its  feathers  and  scratch  itself.      And  Longet  mtnttk 
that  a  Pigeon  from  wliich  he  had  removed  the  eutire  Cerebrum,  gave  1 
indications  of  consciousness  of  light ;  for  not  only  did  the  pupil  oi>iiti 
but   the   lids  closed,   when   a   strong   light  was  suddenly    made  to  fall 
upon  the  eye,  the  animal  having  been  previously  kept  in  darknesaj  ani 
when  a  liijlUed  candU  woji  >iiade  to  iiwve  in  a  circle  bf/urf-  it,  Um  ammti 
exeeuted  a  eorreejionding  nuiveinent  toit/i  Ut  head.  \\ — The  ditulition  oSt 

'  "KecherG>ii«  Eiperimeiitaleii  stir  las  prop(i£t£s  et  In  fonctiuaa  da  SjrMime  KwivOtil 
2iidc<liL,  1816. 

+  "Eiper.  dcflffwt.  Inaion,  in  partiliiis  Euoepbidi,"  Btrol.,  1826. 

J  "  LefiiDi  Bar  lea  Ponctiona  du  SjEldme  Nerreoi,"  Parii,  1839. 

S  "  Trnitu  lie  I'byaiolosie,"  lom.  ii.  jiartie  2. 

II  It  muat  aat  be  rur^otUii  that,  in  auch  ciperitiienH,  tii«  Gererit;  of  the  uptitUiia  < 
uf  itself  occiwiaQ  a.  anspuanliiD  or  diDLarbaace  of  the  fimctioni  of  part*  Uut  reinaia;  wl' 
tlie/uatofs  power mDBt  not  beat  once inrerrenl  fruin  IbeabMaccofita  muufcatMiMW.  1 
ilie  peniilenn  of  n  puver,  nftei  llie  riiuioval  of  a  particular  otgan,  ia  a  dur  ptvof  tUl 
cuuiat  be  the  peouliai  alCributc  uf  that  organ. 
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J  Menu  to  n««nible  tliat  of  a  Man,  wbo  is  iu  u  slmnber  eiiCQdentiT 
to  low  kII  ilifcUikL't  prreeption  of  eaiemal  oltjects,  but  who  ia  yet 
!  vf  mu*iUiim»,  as  appears  from   tlits  moveuieuls  occasioned  by 
j  or  bj  BOUDds,  or  from  those  which  ho  pxcuutea  to  witbdmw  thu 
rfrtrm  an  iinmsy  p<^tion. 
iSO.  Tbu  rusulta  of  other  experiments  made  upon  the  Sensory  ganglia 
■cIveH,  ami   u[>on  the  organs  from  which  thoy  dorive  their  impres- 
,  coiilinu  this  view;  by  showing  thut   iLo  onlijiury  moveuiciita  are 
|>ertuTbed,  and  that  in  some  iustunces  a  new  set  of  autoniutiu 
iitii   ifi  induced,  when  the  nomml  reUtiona  lictweeu  the  sensory 
D(«r  HjijiamtiiB  are  diHuirangeiL     Of  the  fuiictioria  of  the  gunglia  of 
Bcnw?.  thoBi'  of  the  Curpura,  Qimdriyemhia  are  the  chief  whiuh 
H.vn   exumiuBii  expei-imentiilly.     The  re8(-flreh<?s  of  Floiirens  and 
ig  Lav  L-  nhown,  that  the  ctinnetlion  of  tboKO  bodie-s  with  the  viwial 
netinu,  whiclj  loiglit  in-  iufeired  fi-oui  their  ttuatomictil  i-ela lions,  is  thus 
mliAU-d.    The  jHtrlial  los3  of  iho  ganglion  on  one  siJe  products  fiartii J 
of  power  and  tt-ni|iorary  blindness.011  the  upjwjsite  aide  of  th-i  body, 
Itliout  mi-essarily  destroying  the  mobility  of  the  pupil ;  but  the  remoTiU 
%  largtfT  portion,  or  comjjlet*  extiritfition  of  it,  occAgions  permanent 
■ind  immobility  of  the  pupil,  with  temporary  musculur  weak- 
OB   Ihe  opposite  side.     This  temporary  disorder  of  the  muscular 
Mmietiiuve  luanifesta  il^^lf  in  a  tendency  to  move  on  the  axis,  aa 
Mtinml  were  giddy.     No  disturbatice  of  consdonsnesfl  appears  to 
luoi'd ;  and  Hertwig  states  that  he  never  witnessed  the  couvul- 
rbtcli  FloureiLS  mentions  as  a  consequence  of  the   operation,  and 
;  won-  priiliuhly  occasioned   by  his  incision  hii\ing  been  canied  too 
As  I^'iigel  has  justly  rcmiirkeil,  it  is  difficult,  if  not  impoSKible, 
une  or  K>tli  of  thrso  giuigliniiic  masses,  without  doing  such  nji 
■  to  the  CniiTi  Cei-ebri  ou  which  ihcy  repose,  as  shall  in  great  degrei! 
Rt  for  such  Oisturlied  movements  {§  534).     Irritation  of  irne  of  the 
Kills  Quailrigeniina  has  been  observed,  both  by  Flourens  and  Longet, 
r]iitKlnoe  KinttACtion  of  the  puj>i!8  of  6u(A  eyes. — These  results  of  experi- 
•K  partly  coulinued  by  Pathological  phenomena  in  Man ;    for 
an  nuiny  instances  on  record,  in  which  blindness  has  been  one  of 
I  flOtuequeucee  of  diseased  alterations  iu  one  or  both  tubercles ;  and  in 
of  the  ames  in  wliitsh  the  lesion  extended  to  parts  seated  beneath 
\  tabt-JvlvH,  JiBturhed  movements  were  observed. ^Thu  sul>ser%-ience  of 
bcirXivs  tu  the  exereise  of  the  visual  sense,  appears,  on  the  whole,  to 
the  point  best  cstablislicd  in  regard  to  their  functloosi  and  consider- 
;  tbo  di-grcK  in  which  this  sense  is  concerned  in  the  i-egulation  of  the 
I^ovt■raenIJ^  of  the  body,  it  is  not  suiprising  that  lesions  of  its 
Btfie  Bhvuld  occtmion  a  jterversiou  of  those  movements.     This  ap|>ear8 
t  more  ]ir<.'bable  froiu  the  fact,  that,  in  animals  whose  Sensory  ganglia, 
I^Wr  «i   large  a   pi-i>|Mirtiou  to   the  whole    Kucephalon,    that  we    nmst 
kuk    ujuti    theui   as    the   princi|)al   centres   of   motor   activity,   instead 
■I*  being  cliielly  concerned  (as  in  Man)  in  the  mere  guidance  of  move- 
:ij  TiLs  whoei-   origin   i«   Cerebral,   lesioutt   of   the   organ  of  sense,  froni 
"tiii:h  the  impriinsions  that  excite  the  scnsori-motor  uiipulses  are  derived, 
inxfucc  a  corresponding  disturbance.    Thus  Flourens  found  that  a  verti- 
giuooa  movement  may  be  induced  iu  Pigeons  by  dimply  blinding  one  eye; 
and  Longet  produced  the  siune  etlbct  by  evacuatuig  the  humours  of  the  eye. 
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531.  It  is  probably  on  tho  eume  principle,  timt  we  »re  to  i 
the  remarkable  results  obtained  by  Flourena  (Op.  ctC)  from 
tbe  portion  of  tlie  Amiitory  nerve  groeeeding  to  tlie  Senu-droiiUrtnf 
Section  of  the  horizontal  semi-eireuLir  can&I  in  Pigeons,  on  hnth  ^im,  i 
induces  a  rapid  jerking  hori»jntfll  movement  of  the  heAiJ,  from  ndl  W I 
aide;  and  a  tendency  to  turn  to  one  side,  which  manifests  itself  wUnCNrl 
the  auimal  attempts  to  walk  forwards.  Section  of  a  vertical  fui,\ 
whether  the  superior  or  inferior,  of  both  sides,  is  ibllownd  bjr  ■ 
vertical  movement  of  the  head.  And  section  of  tlie  horisontal  tad  !•■] 
tical  canals,  at  the  same  time,  causes  horizont&l  and  vertical  monaakl 
Section  of  either  canal  on  one  aide  only,  is  followed  by  the  tauio  vftcil 
when  the  canal  is  divided  on  both  sides;  but  thia  i»  inferior  in  bt 
The  moveueats  continue  to  be  [>erformed  during  Beveral  moo^ 
Rabbits,  section  of  the  horizontnl  canal  ia  followed  by  the  : 
menls  as  are  exliibited  by  Pigeons;  and  thi'V  are  even  morv 
though  le^  violent.  Section  of  the  anterior  vertioil  canal  cmumI 
animal  to  make  continued  forward  '  somersets;'  wliilat  section  of  Um>| 
terior  vertical  canal  oceaatona  continued  backward  '  Bomoraets." 
movements  ceaae  wliL-n  the  animiil  is  in  rejioee;  and  tliey  recall 
when  it  begins  to  move,  tiiereasing  in  violence  as  ita  motiuu  it  i 
rapid. — Tliese  curious  reanlts  are  supposed  by  M.  Flourena  to  in 
that  the  nerve  supplying  the  semi-circular  canals  does  not  miuisUT^ 
sense  of  hearing,  but  to  the  direction  of  the  movements  of  the 
but  they  arc  fully  explained  upon  the  supposition,  that  the  nnnnd  I 
tion  of  the  semi-circular  canals  is  to  indicate  to  the  animal  tbe  <Ar 
uf  aoundB,  and  that  its  moTemeuts  ore  partly  detonnined  hy  the 
that  a  destruction  of  one  or  other  of  them  vrill  produce  an  irregulart^l 
movement  (resulting,  as  it  would  ijeem,  from  a  sort  of  giddinov  on 
part  of  the  auimal),  just  as  when  one  of  the  eyes  of  a  bird  is  w^qiA  I 
destroyed,  as  in  the  experiments  previou.'ilv  cited. 

532.  The  numerous  esperiinenta  which  have  been  made,  for  the 
pose  of  determining  the  functions  of  the  Thalami  Optici  and  Gw 
Striata,  have  not  yielded  any  very  satisfEictor)'  results;  nnd  this  on  i 
count  of  the  impossibility  iif  completely  isolating  them,  in  such  a  i 
as  to  limit  the  operation  (whether  this  be  section,  removaL  or  irrib 
to  them  alone.     Thus  it  is  impossible  to  remove  them,  either  sef 
or  conjointly,  without  first  removing  the  Cerpbra!  Hemisphcrrs;  imill 
Tlialumi  cannot  be  entirely  removed,  without  dividing  the  slratntii  i 
fibres  which  traverse  their  deeper  i>ortiou  in  thur  pnsSBgeto  the  i 
Striata. — Tlie  Thalami  Optici  have  not  that  relation  t-o  the  vifiutd 
which  their  designation  would  jmp1v:  for  (according  to  the  affir 
of  Longet)  they  may  be  completely  destroyed  in  Mammals  and 
without  destruction  of  sight  or  loss  of  the  activity  of  the  pupil 
in-itatlon  of  one  or  both  of  them  produces  no  eonttsetion  of  the  pnji 
It  seems  probable,  therefore,  that  the  loss  of  mght  with  dilatation 
immobility  of  the  pupil,  which  is  frequently  observed  in  cases  of  »f 
eft'usion  into  the  substance  of  the  Thalami,  is  really  due  to  the 
gion  of  the  Optic  nerves  which  lie  beneath  them.     These  bodies  ^pptu^ 
however,  to  possess  a  very  decided  influence  on  the  power  of  volontaj 
movement;  for  although  an  animal  maintains  ita  balauee.  and  mute 
made  to  move  onwards,  after  the  removal  of  the  Cerebral  Hemisjihep 
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and  even  after  the  removal  of  the  Oor[)ora  Striata,  yet  if  either  of  tlie 
Tlialami  0]>tici  be  removed,  the  senaibility  uiid  power  of  voluntary  move- 
ment are  destroyed  on  tlie  oppointu  tdde  of  ttio  body,  and  the  aiiimiLl  Ooq- 
aequently  fnJls  over  to  that  side  (Loiiget).  If,  instfiad  of  the  entire 
removal  of  one  of  the  Tlinlami,  aii  inciaion  be  made  in  it  without  the 
previous  removni  of  the  Cerebrum,  tlie  animal  keeps  turning  to  one  side 
iu  a  circular  miuiner  (evulutlon  du  mnndge) ;  aceording  to  Longet  and 
Lolargue,  this  movement  ie  ilirected  iu  the  rabbit  towards  the  ojipottite 
aide ;  whilst  Flourena  atates  that  in  the  frog  its  direction  ia  towards  the 
injured  aide;  and  according  to  Scbiff*  the  destruction  of  the  three  ante- 
rior fourths  of  this  organ  in  the  rabbit  determine*  this  movement  towards 
the  injured  edde,  whilst  that  of  the  posterior  fourth  determines  the  move- 
ment towards  the  opposite  aide.  No  mechanical  irritation  of  the  Thalami 
produces  either  signs  of  jNiiu  or  muscular  movement ;  and  this  fact  might 
at  first  api>ear  to  negative  tlie  doctrine  that  these  organs  are  the  ganglia 
of  common  sensation.  But  it  must  lie  borne  in  mind  that  the  production 
of  paiu  by  mechanical  injuries,  is  by  no  means  an  universal  phenomenon 
in  the  case  of  the  nvrve-tnin/cn  which  minister  to  aeusii,tioD,^thi'  olfactive, 
optic,  and  auditory  nerves  being  exempted ;  and  it  need  occasion  still 
less  surprise,  therefore,  that  a  nervous  ceTUre  should  be  destitute  of  this 
kind  of  im])ressibility. 

533.  The  effects  of  lesions  of  the  Corpora  Striata  are  less  distinctly 
marked.  It  wa»  at&rmed  by  Ma^ndie,  that  there  exists  iu  them  a  motor 
power  which  excites  backirwrtl  movement,  and  that  a  corresponding 
power  of  emriting/oTTOoj^  movement  exists  in  the  Cei'ebellum ;  that  theae 
two  powers  ordmarily  balance  one  aTiother;  hut  that,  if  either  organ  be 
removed,  the  power  of  the  other  will  occasion  a  continual  antomatdc 
movement,  the  removal  of  the  Corpora  Striata  causing  an  irresietible 
tendency  to  forward  progreaaion,  whilst  the  division  of  the  peduncles  of 
the  Cerebellum  (aecording  to  him)  occasions  the  reverse  movemeiit- 
These  aaaertioiis,  however,  have  not  been  confirmed  by  other  eiiperi- 
mentera.  According  to  Longet  (Op.  cit.),  Schiff,t  and  LafaJ-guCiJ  the 
results  of  removal  of  the  Corpora  Striata  with  tlio  anterior  part  of  the 
Cerebral  hemispheres,  are  for  the  most  part  negative  ;  for  the  animal 
usually  remains  in  a  stat«  of  profound  stupor.  Rlthough  still  retaining 
the  erect  position ;  and  it  is  only  when  irritated  by  pinching  or  pricking, 
that  it  will  execute  any  rapid  luovementa.  No  mechanical  irritation  of 
the  Corpora  Stiiata  produces  either  signs  of  pain  or  muscular  movement. 

534.  When  the  tibi-ous  tracts  which  conne<rt  these  ganglionic  masses 
with  the  Medulla  Oblongata,  and  which  are  commonly  (but  erroueously) 
dedgiiated  as  the  Crura  Cerebri,  are  completely  divided,  the  result,  as 
might  be  anticipated,  is  the  annihilation  of  sensibility  and  of  the  power  of 
voluntary  movement  in  the  body  generally .5     When,  however,  the  Crura 

•  Ecuer'nmd  WaiiOerUcb'*  "Archiv.  furPhj-siol.,  HeiJkiinde,"  1848,  i  667. 

t  "De  y\  molijril  iMseos  eiice[i!ia!i,"  BocltEiilicmii,  1B46. 

'  "Bbsbj  biit  la  Tolcnr  lies  JacaiiutiDUH  encfphaliqneH,"  !i.c.,  Tbfflc  lauog.,  Tfj\e,  1833. 

I  II  ifl  c»Dfljili!Ted  by  IrfiDgct  tliAt  thi'BU  fancuoaH  ore  aot  rumjilrldy  dfwtnijijd,  berausQ 
the  uiimiLl^  uQ  wli^^ni  tMa  uptraLrau  Ikaa  \iem  performed  titil]  rut&Iu  sume  pi^wer  uf  muTO- 
ment,  sucl  reofwinl  by  cries  tu  iio]]rrs™liiiu!  tliat  unliiuiriiy  jiruiim-u  jiaiu.  Tlitrr;  is  ail  proof, 
huwrver.  Umt  au'.'li  urtioUB  lUii  vtber  tliUi  '  vicito-mtihir ;'  Ibty  ctrUiiuly  cauuot  in  them- 
■elTCfl  bo  vlnultvd  oa  proving  iLb  peTBiiteaw  of  comicjoUBaceB  in  tbe  lower  ooj^ent  of  (he 
Cttrqbro-^piuAl  &iIb. 
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Cerebri  of  n  raliMtaro  not  completely  diWdeil,  but  ou<>  of  Uwmisimillj 
cut-through,  a  little  in  front  of  the  Poos  Varuljl,  tlie  uiuiial  it  ^vj 
Looget  imd  Sehilf  to  exliibit  a  oonstAnt  t«U(leticy  to  turn  tovviii  th)  nil  I 
opj)Ojite  to  that  of  the  lesion,  so  that  it  performa  the  circtAax  ervlitimin 
iiiottf</e ;  the  dimneter  of  its  circle  of  movement  Ijejng  smaller,  in  pwp*- 
tion  a»  the  iiiebiou  aiiproni'hes  the  edge  of  the  Podb.     But  if  on«  of  tb  I 
Crura  he  completely  divided,  the  aniin»l  tbea  faU»«T«T  on  tliu  ojiipMkI 
side ;  thu  limiia  of  that  side  being  paralysed  to  the  influeooe  of  lb«  T 
phalic  centres,  though  they  may  be  still  caused  t«  exhibit  rcBox  uotitHJ 
Hence  it  appears  that  the  circular  movements  which  are  perfomiwl  I 
incomplete  lesions  of  the  Cms  Cerebri  and  Thalamus  Opticus  'if  li 
aide,  nre  due  to  the  weakening  of  the  seusuri-motor  apparatus  of  lif  '^^  1 
aito  side,  whereby  the  bahiace  of  the  muscular  actions  of  the  Iwn  uJn  •] 
destroyed.     Nearly  the  stame  results  have  beea  obtained  on  this  |wuit  I 
Li'UgoU  Lafar^e,  and  Sohifll 

533.  Considerable  ini{>ortance  is  attached  by  some  PbysiologvU  tat 
jiart   of  the  EncephaJou   known   aa   the   Tuber  Aitnulart,  to  wUch  i 
name  of  Mtaucephale  has  also  been  given.     Tliis  is  not  alt ry  ill  i 
nymoiiB  with  the  /'ojw  Fariilii,  as  Booie  Anatoioists  have  repreieBtfdJ 
for,  while  the  latter  cuaaists  of  Iransveree  fibres,  which  form  tbe  < 
miflsure  between   the  liemispherea  of  the  Cerebellum,  sumiundiD); 
passing  between  the  longitudinal  fibres  of  the  Sensory  and  Motf-r  I 
which  constitute   the  Ci-ura  Cerebri,  the  Tuber  Annulare  (which  i-j 
in  animala  whose  CerebeUtim   h.is   no  heuispherea)  is  a  prnjontKni  I 
the  surface  ijf  the  pi-u|ier  Medulhi  Ohiuiigata.  containing  a  cousiii 
uucleiu  uf  v(!«icii]iLr  iuiitt«r.     Tlie  «x|ierinieuts  of  Lon^t  havp  Imj  I 
to  the  conolusion,  that  this  ganglionic  mans  ia  an  indqieudent  omtni 
sensation  and  of  motor  ])ower ;  but  they  do  not  afford  any  clear  lai 
tiou  as  to  itJ  RpeciiU  attributes.     He  states,  however,  that  cuu* 
movements  are  excited  by  irritating  it,  and  esipecially  by  the  1 
of  an  electric  current  through  its  subslauce.      These  movemettti,  I 
ever,  according  to  the  testimony  of  Dr.  Tiwld,  ap]«ar  to  be  of  m  < 
chai'acler  from  those  which  are  excited  by  the  application  of  tlie 
Btimuliia  to  the  Spinal  Cord  and  Medulla  Oblongata ;  for  be  stales  1 
whilst  the  convulsions  excited  by  the  tranamiasion  of  the  current  rf  1 
magneto-eiectric  machine  tliruugh  the  jiaita  just  named,  are  Mahw^  ' 
niu^lcD  l>eLng  thrown   into   a  state  at  jLcfd  contraction, — those 
ensue    when    the   current  is  transmitted   through   the  regiua  rf 
Mesocephale  and  Corjiora  Quadrigentina,  are  tjnlnptic,  being 
movementa  of  aUernale  contraction  and  relaxation,  flesiim  and  < 
affecting  the  must'lea  of  all  the  limbs,  of  the  trunk,  and  of  the  eyi^  i 
roll-about  just  as  iu  epilepsy.* 

53C.  The  evidence  afforded  by  Pathology,  regarding  the  foBctioQai 
these  Ganglionic  masseit,  is  far  from  Iwing  self-conaiatent ;  and  tbk  i 
it  may  be  surini;*ed,   from  the  circumstance  tliat  the  eficcta  of  i 
changes  (|>arti«iilai'ly  of  sanguineous  effusions)  in  any  part  of  the  Eoo 
phalon,  extend  themselves  to  other  parts  than  those  in  which  thr  ohiiuMl 
lesions  are  found;  aa  is  abundantly  proved  by  the  great  variety  of  i 

*  LamleiuD  Lectures  'Oa  the  VtAttalogj  kdA  Tratmeiit  of  CuoTitlAne  riaiiMi.'tl 
"  MoOical  Gmotte,"  Mnj  11,  134W. 


ruwcrrtms  or  tbb  sbnsoht  ganglia. 


507 


and  BTcu  after  the  removal  of  tlie  Corpora  Striatn,  yet  if  either  of  the 
ThjiIftDii  Optici  be  removed,  the  sensibility  and  power  of  voluntary  move- 
ment are  deBtroyed  on  the  opposite  side  of  the  body,  and  the  animal  con- 
sequently falls  over  to  that  side  (Lauget).  If,  instead  of  tlie  entire 
remo\'al  of  one  of  the  Thalami,  an  incision  be  made  in  it  without  the 
previous  removal  of  the  Cerebrum,  tlie  animal  keeps  turning  to  one  side 
in  a  circular  manner  (evolution  du  man^e) :  according  to  Longet  and 
Lafargiie,  this  movement  is  directed  in  the  rabbit  towards  the  opposit-e 
side ;  whilst  Flourena  stflitea  that  in  the  frog  its  direction  is  towards  the 
injured  aide;  and  according  to  Schifi*  the  dt-struction  of  the  threo  ante- 
rior fourtlis  of  thie  organ  in  the  rabbit  determines  this  movement  towards 
the  injured  side,  whilst  that  of  the  jKMterior  fourtli  determi nee  the  move- 
ment towards  the  opi>oaitti  side.  No  mechanical  irritation  of  the  Thalaini 
produces  either  signs  of  pain  or  muscular  movement ;  and  this  fact  might 
at  first  appear  to  negative  the  doctiinc  that  these  organs  are  the  ganglia 
of  common  sensation.  But  it  must  1>e  borne  in  mind  that  the  pi'oduction 
of  pain  by  mechanical  injuries,  is  by  no  means  an  universal  phenomenon 
in  the  case  of  the  narye-tninks  which  minister  to  »enaation, — the  olfactive, 
o[itic,  and  auditory  nerves  being  exempted;  and  it  need  occasion  still 
less  surprise,  therefore,  that  a  nervous  centre  should  be  destitute  of  this 
Idnd  of  impressibility. 

533.  The  effects  of  lesions  of  the  Corpora  Striata  are  leas  distinctly 
marked.  It  wa-s  affirmed  by  Magendie,  tiat  there  exists  in  thezn  a  motor 
power  which  excites  bttckti^ard  movement,  and  that  a  corresponding 
power  of  exciting/«7vwn/ movement  exists  in  the  Cei-ebellum;  that  these 
two  powere  ordinarily  balance  one  another;  hut  that,  if  either  organ  be 
removed,  the  power  of  the  other  will  occasion  a  continual  automatic 
movement,  the  removal  of  the  Corpora  Striata  causing  an  irresistible 
tendency  to  forward  progression,  whilst  the  division  of  the  peduncles  of 
the  Cerebellum  (according  to  him)  occasions  the  reverse  movement. 
Theae  assertions,  however,  have  not  been  confirmed  by  other  experi- 
menters.  According  to  Longet  (Op.  cit.),  Schift'.t  and  Lafargue,!  the 
rranlts  of  removal  of  the  Coqiora  Striata  with  the  anterior  part  of  the 
Cerebral  hemisjiheres,  are  for  the  moat  jmrt  negative  ;  for  the  animal 
usually  remains  in  a  state  of  profomid  stupor,  although  still  retaining 
the  erect  position ;  and  it  is  only  when  irritated  by  pinching  or  pricking, 
that  it  will  execute  any  rapid  miivements.  No  mecliaidcal  irritation  of 
the  Oor]K)ra  Striata  produces  cither  signs  of  pain  or  muscular  movement. 

534.  When  the  fibrous  tracts  wliich  connect  these  ganglionic  massee 
with  the  Medulla  Oblongata,  and  which  are  commonly  (but  erroneously) 
designated  as  the  Crura  Cerebri,  are  completely  divided,  the  result,  as 
might  be  anticipated,  is  the  annihilation  of  sensibility  and  of  the  power  of 
voluntary  movement  in  the  body  geQerally.§     When,  however,  the  Crura 

*  Koxor'g  DDd  WanJerlicli'a  "ArahiT.  for  Phjaol,,  Heilkaade,"  18411,  |  SOT. 

+  "Dt  vi  moUiria  Imseos  encephali,"  BockanLeiiiii,  18(6. 

I  "BsHii  gar  Ia  vuloiu  lies  KiiluatioUBCUcfplialiqaiu,"  in:,,  Th^aa  laang.,  Paris,  183S. 

f  It  ij  coiuidored  bj  LoDget  that  theee  fuDclioDB  are  Dot  f.omptrfely  defltjojed,  be<:nuee 
thv  uiimali  ^ju  vhum  tbia  operatioa  boa  bcon  porforuftt  atil]  retain  iwmfl  power  uf  move. 
niCTit,  uiJ  ttsfmnd  bj  cries  lu  iniinwaiima  tbnl  oniinarily  pniJuoe  pain.  Tliero  la  no  pri>of, 
huwcFcr,  tli&l  3ui:b  iwtionii  lire  ulliuc  Ihrui  '  (iifito-iiiut'>r  ;'  (hey  cviiainl}i  canniit  in  tbem. 
tcItui  be  ndmitlt'J  aa  pmyiug  Iba  |>enit<tcQcc  uf  cnnsi-iuuigiiiwi  in  tbe  lower  Mgraedt  uf  tbe 
CerebTO'^piaal  aiJb. 
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Cerebri  of  a  ralibil  nivnot  completely  divided,  but  ou«  of  tltcm  b|WlHl|H 
cut-tbrougli,  »  little  in  fi-oitt  of  the  Pons  YKrolii.  tlie  anitn.l  js  and  tf  1 
Longet  and  Schiff  to  eshibit  a  constant  teadent-y  to  tiini  towwi>  ihd  im 
o{i{iosite  to  that  of  the  lei!ioii,Bo  that  it  performs  tbecircnl«r«m'alUNd« 
tiiaitige ;  the  diameter  of  its  circle  of  movement  being  sm&ller,  ia  jmipiir- 
tion  as  the  iiicisioa  approaches  the  edge  of  the  Fons.  Bat  if  ooe  of  iLi 
Crura  be  coiuplett^ly  divided,  the  animal  titea  &Us-«Ter  on  tho  aptaMk 
side;  the  limbs  of  thiit  aide  being  paralyse  to  the  iuflueuoe  of  thtEaa^ 
phaJic  centres,  though  they  may  be  still  caused  to  exhibit  redux  liMtiM& 
Hence  it  appears  that  the  circular  movements  which  are  pcrfonnnd  lAm 
iDoomplet«  lesions  of  the  Crus  Cerebri  and  Thnlamu^  Optim*  iif  oillM 
side,  are  due  to  the  weaktiiij)g  of  the  season-motor  apparatus  oTUm  *iff*' 
site  side,  whereby  the  balurioe  of  the  muscular  actions  of  the  twu  lUMi  li 
destroyed.  Nivu-ly  the  same  results  have  been  obtained  ou  this  point  )f 
Ixinget,  Lafai'gue,  and  Schifl'. 

5SS.  Considerable  importance  is  attached  by  some  PhyBiulogiaU  t<>tW 
part  of  the  Encepbalon  known  as  the  Tuber  Atiaulare,  ia  wbtcb  ib« 
name  of  Memceplude  bus  also  been  given.  This  is  not  aJtogetber  «tb«- 
tl^-I□ous  with  the  Poim  VaTolii,  as  some  Anatomists  hnve  repnMiDM  il; 
for,  while  the  latter  couaists  of  transverse  fibres,  which  form  tim  eaat- 
miKaure  betwe4?n  the  hemispheres  of  the  Cerebellum,  surruuiuliu  uA 
[lading  between  the  longitudinal  iibres  of  the  Sensory  and  Motor  tnM* 
which  constitute  the  Crura  Cerebri,  the  Tnbor  Auiiulare  {whicfa  iiiwli 
In  animals  whose  Cerebellum  has  no  hemispher«a)  is  a  projeetioa  bum 
the  Gui'face  of  the  proper  Medulla  Oblongata,  containing  a  cobSMlanUe 
nueUus  of  vesicular  tuatUr.  The  experiments  of  Longet  haw  Ud  kin 
to  the  conclusion,  that  this  gauglionic  mass  is  an  inde|>i.-ndent  ctAtnqf 
sensation  and  of  motor  power ;  but  they  do  not  atford  any  clmr  iidiMSk- 
tiou  as  to  itj  special  attributes.  He  states,  however,  that  cunvvbiTc 
movements  are  excited  by  irritating  it,  and  especially  by  the  tnmiinMJiM 
of  an  electric  current  through  its  substance.  These  movements,  Itaw* 
ever,  according  to  the  teiitimoay  of  Dr.  Todd,  ap])ear  to  be  tif  a  ilhlimaft 
character  from  those  which  arc  excited  hy  the  a[i|ilicHticm  of  the  aMW 
ntimulus  to  the  Spinal  Cord  and  MMluUa  Oblongata ;  for  lir  iit»lea  tkit 
whilst  the  convulsions  excited  by  the  tran^miiasian  of  tlie  cTim-nt  of  ife 
magneto-electric  machine  through  the  jiarts  just  luimcd,  ari-  Matue,  iW 
muscles  being  thrown  into  a  state  o^  Jixed  coutnu^tion, — thuM  whjift 
ensue  when  the  current  in  tniustnitted  through  the  re^oB  of  \ht 
Mcsocepbale  and  Corporu  Quadrigemina,  are  epileptic,  being  cotDbtaad 
movemuuU  of  alternale  contraction  and  relaxation,  flexion  and  citauiii^ 
atfecting  the  muscles  of  all  tlie  limbs,  of  the  trunk,  and  of  the  ejr*,  wind 
roll-aboiit  just  as  in  epilep.sy.* 

636.  The  evidence  afforded  by  Pathology,  regarding  the  fiillclimw  rf 
the.'^e  Oanglionic  aiasscs,  is  far  from  l)eing  self-consistent;  and  this  Him, 
it  may  be  surmiued,  li-om  the  circumstance  tlmt  the  effects  of  mcvM 
changes  ( parti culai-ly  of  sanguiuerjua  effusions)  in  any  part  of  the  Sow- 
phalon,  extftiiil  tberasclvea  to  other  jiai'ta  than  those  in  which  the  (ihrioM 
lesions  ore  found;  as  is  abundantly  proved  by  the  gnsat  variety  of  fJun» 

•  Lmnleiiui  Lwtor«  '  Od  the  Pathotogj  and  HVeatmoat  uf  Cuuvnliivf 
■■  Medical  Uoutle,"  Ha;  11,  \H9. 
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■am   wliich   prrm-iit   t1iom»elvcs   aa   tlir*    n-siilu  of   kxtinns   rijipnri'iilly 
tiiuUar,  mill  tiy  iJiii  similarity  of  th"  |ilifiu)mi'ria  tlml,  are  freijuenlly  con- 
nl  Mjviii   lisions  uf  Ttiry  ililTomil.   [Mirts.     Su  fat  aa  in  yet  kni'wu, 
ii-ivp  iliHiswe  of  eitlitir  ihi'  TliaLiiniK  Ojiliniis  or  tiiL-Coqms  Striuliini 
..■  Bilk-  |)militvrs  tii5mil)legia,  nr  paralysis  liotli  nf  aeiisiition  iiud  motion, 
■  lie  o|>|Ki«it<.>  siiU".     Ttie  same  result  very  commonly  follows  nn  ii]>(>- 
II'  Hfiisioii  iulo  the  suljKtanei'  of  fitlier;  and  nltliimj;h  it  lioa  I«>«>d 
■    iT.f.l    thnt   when  tlic    lesii>n   is   limitod  to  tbf   C'oqms  Striattim, 
I  mr  lueinlwr  is  |)ei;Hliiirly  or  nloiin  affeclijtl,  and  llmt  Ii«ion  of 
iiiiH  0{iticU£  ulone  lias  a  £pi>cinl  tcudf  iicy  to  riecnsiini  jDmilyais 
■  rior  nii'inlier,  virt  tine  ean-ful  analysis  whicL  liaa  Ih.'lui  iiiiulo  l>v 
into  tlie  iuitliolfi(,rii-a|  plipnoniena  aHbrc]«l  liy  sevont.y-iive  ciwes 
I  1'  in  M'liii-li  tlir  ii|nj|iltvtic elTuaioii  was  limJW  to  rme  or  utlier  of 

^^Uiii>'  Ujilif8.  iluea  not  iilfunl  tlie  htasi  coiini«iifvnce  to  nny  siicli  <l<iclriiii>, 
^^^1(1  it  in  ullirintHl  by  I^}iig\'>t,  tlint  injmj  or  renioviiJ  >if  tliu  UorjuiM 
^^BUblutD  of  one  Hide  did  nnt.  in  hia  e\  peri  in  cuts,  ntli'ct  tlic  ])Osterior 
j^^^Bt  tliau  the  auti^rior  limb ;  nor  could  Iif  delt-et  ony  dillorenfe  in  th<^ 
(iiciiliUcifi  of  thirst!  limlm  nftf<f  t.hf  I'rniovn]  of  tho  Tliiilainiia 

53".    In  emiiloying  the  information  derived  fi-om  the  ('uri'j,'Liiu),'  s'lurivs, 

H  B  guii\e   til    the   enquiry  into  the   pjirt  performed   liy  thw  Sensoiy 

~     ,glM   in   the  onliiiary   operatioiia   of  tho  Cereliro-}S|iiuid   nystem,  we 

to  diiitin),'iiish.  as  in  tlir>  mae  of  the  Spinal  L'ord,  iK'twem  tlieir 

,Uon  as  iiidqtnidt'nt  (■eutres,  iind  their  notion  in  aulieerviuiiL-r  to  tho 

'brum,  which  ia  Bii|<e]iKieMl  njKin  them. — We  have  se<iii  reason  to 

thai,   in  their  furiucr  cn]>iidty,  they  are  to  bn  regarded  as  the 

4f  Serijmliijit  (i.  s.  the  materiul  uistruiuent*  tlir'iiigh  which  tlie 

MMradosorsa    heeouiea  affected   by   eitemal   impreaaioiw),   imd   aa    the 

tnatrnn>eut.   in   i-irtue  of   their    own   "reflex'   power,  of  tliat   class   of 

luMiuetiva  or  Automatic  movementa,  which  i-eijuirt!  to  be  prompted  and 

gttidnt   by   sensations,  and   wliich  cannot,  tlierefom.  be  referred  to  the 

cteito-niotor  grouj).     But  although  it  is  siilhciently  obvious  that  such 

noTemeuts  constitute  the  highest  man ifcstjit ions  of  Animal   life  in  the 

vertobrattt  genei-ally,  and  that   they  are  but   little  miHtificd   by  any 

principle  of  action  even  in  the  lower  Vertebrata,  yet  it  is  no  less 

""'lat  in  adult  Man,  in  whom  the  Intelligence  and  Will  are  fully 

we  have  com  para  lively  little  evidence  of  this  indojxindent 

lex  action  of  the  Sensory  Ganglia; — all  thoae  automatic  actions  which 

iinm-rJialtJy  necessary  for  the  maintenance  of  hia  Orgiuiic  life,  being 

>rided-for   by   the    excito-motor   jKirtion    of    the   apparatus,  so   that 

Ithongh   aenaation    ordinarily   accomyianies    inoRt  of    them,   it   is    not 

tioJ   to  them ;    wliikt  those  which   are  neceasiiry  to  ppoiido  more 

fy  for  its  rwiuireTiients,  are  for  the  moat  part  committed  to  the 

LOe  of  his  Reason.     For  the  impressions  which  have  been  breught 

tho  iiffprcnt  nerves  to  his  Sensoritim,  and  which  have  there  produced 

HSiatioDii,  ilo  not  in  general  reoet  at  once  upon  the  motor  apparatus  (as 

Ujfj  do  in  those  animals  in  which  the   Benaory  Ganglia  are  the  hii/hrst 

of  the  nervous  centres),  hut  usually  trani^mit  their  intiuence  upwarila  to 

thr  t>Mbrain.  throuj^h  whose  inatru mentality  they  give  lisu  to  iilcnA 

iitA  rweouing  processes,  which  operate  upon  the  motor  apparatus  either 

wiotioiudly  or  volitionally.     And  it  is  for  the  most  part  only  when  this 

*  "(JUniqiie  M^dicsle,"  torn.  ii.  p.  604,  ot  aeq. 
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upward  tmnsiniaBion  is  checked,  either  by  the  non-deTvlopBMal  or  lh*l 
luiiclional  luactivitj  of  the  Cerebrum,  or  bj  ita  comfJeta  iif>iil|MliMi  J 
Bome  other  train  of  oetion, — or,  ou  theotlier  hand,  irhen  th«rd1eXK<iaa] 
of  the  Sensory  ganglia  is  called  into  play  with  annanal  poletxcy, — tbti 
have  any  taanili'Ktationfl  of  the  aen»>ri--motor  or  etnuenguat  atodr  of « 
tioa  in  Man,  that  are  at  all  comparable  in  variety  or  importaooc  to  J 
instinetiTe  acia  which  are  so  remarkable  in  the  lover  aaimalB  (f  ii9^ 

538,  Still,  sufficient  evidence  of  the  existence  of  thi«  eUim  cS  : 
movements  may  be  drawn  from  observation  of  the  a<*tiotis  ot  Man  b  I 
ordinary  condition;  examples  of  it  bein^  fiimUhed  (a«  we  Iwve  i 
the  closure  of  the  eyes  to  a  dazzling  light,  the  Htart  caoiied  by  a  loodl 
unexpected  sound,  and  the  sneesing  excited  by  eewtiTj  iiupreadinB  ( 
•Schneidcrinn  membrane  or  on  the  Retina.  To  tlii'so  may  lie  wUal  I 
vomiting  produced  by  varioufi  sensory  iniprei^ons,  as  tiie  Mglit  vt  I 
loathsome  object,  a  disagreeable  smell,  a  nauseous  lAste,  or  that  ]■ 
feeling  of  want  of  supjiort  which  gives  rise  to  '  seo-sifkncM,'  n^iml!^ 
when  combined  with  the  sight  of  continnally-shitling  linea  anil  wir 
which  itself  in  many  individuals  disposes  to  the  aaine  stab*;  tbe  i 
voluntary  laughter  which  b  excited  by  tickling,  and  alio  that 
sometimes  bursts-forth  at  the  provocation  of  some  sight  ur  wiuad 
which  no  ludicrona  idea  or  emotion  can  be  attached;  tbe  yuwning whii 
ia  excited  by  an  internal  seoaution  of  uncaainess  (uaually  arimng 
deficient  respiration),  or  by  the  sight  or  sound  of  toe  act  as  ]■ 
bj  another ;  and  those  involuntary  movements  of  the  body  and 
eseited  by  uneusr  sensations  (probably  mnacular),  which  arr  nio 
designat*^  as  '  the  fidgets.'  When  the  reflex  ftctivity  of  the 
ganglia  ia  more  strongly  excited,  in  c()OB«]ueuce  either  of  an 
potency  of  tbe  sensory  impres.sions,  or  of  an  unusual  excitnhility  tj(  I 
part  of  the  nervous  centres,  a,  much  greater  variety  of  seDsori-inot^rartioW 
is  witnessed.  The  powerful  involuntary  contraction  of  th*^  orbicofaril 
and  of  the  muscles  which  roll  the  eyeball  upwards  and  inwards,  in  cmm 
of  excessive  Lrritiibility  of  the  retina  (§  533),  is  one  of  the  best  rriiiii[iltt 
of  thin  kind ;  but  another  very  curiouit  illustration  is  ftfTonlMl  hv  U» 
involuntary  abridgment  of  the  eieito-raotor  actions  of  respiratiuti,  wh» 
the  performance  of  these  is  attended  with  pain, — the  dependeno.-  of  tUi 
abridgment  u[M>n  the  direct  stimulus  of  sensation,  rather  than  vfm 
voluntary  restraint,  being  ohvions  from  the  fact  that  it  often  [ifuMl* 
itself  on  onf.  side  only,  a  limitation  which  the  Will  cannot  imitatn  A){h% 
there  arc  certain  Convulsive  <li8orders  (Sect  8)  which  appear  to  rfffcal 
upon  an  undue  excitability  of  these  centres,  the  imroxysms  bniiig  rxcrtal 
by  impresaions  which  act  through  the  organs  of  sense,  and  arv  not  tim 
operative  unless  the  patient  be  conscious  of  them  ;  thus  in  Hyilrojdioba, 
we  observe  the  immediate  influence  of  the  sight,  sound,  or  ooutact,  uf 
liquids,  or  of  the  slightest  currents  of  air,  in  exciting  unacnlar  ooiilr^ 
tions ;  and  in  many  Hysteric  subjects,  the  sight  of  a  paroxysm  in  anolW 
individual  is  the  mofit  certain  means  of  its  induction  in  thenistJviM.  A 
remarkable  case  of  this  general  exaltation  of  purely  sensorial  exdUliilri^ 
has  been  recorded  by  Dr.  Cowan ;  who  gives  the  following  occtnmt  of i* 
phenomena,  which  can  scarcely  be  referred  to  any  other  than  tbi>  mW- 
gory.  "The  shadow  of  a  bird  crossing  the  window,  though  the  blisiliwl 
bed-curtains  are  closed,  the  displacement  of  the  BmalleA  portion  of  tlit 
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wiuk  of  a  candle,  the  slightest  changes  id  the  firelight,  induce  ft  sudden 
ji'rkjiig  of  the  Hpionl  Di<ucl«a,  extending  to  the  arras  and  legs  vhen 
violent,  and  thia  without  the  slightest  mental  emotion  of  any  kind 
beyond  a  consciousness  of  the  movement.  At  times  the  vocal  organs  are 
iniiilicaUd,  and  a  slight  ery,  quite  involuntary,  takes  place.  At  these 
periods  she  is  unusually  siiaceptible  of  all  uoiBes,  eapecially  the  least 
expected!  and  least  familiar.  Movements  in  the  next  house  inaudible 
to  othent.  Uie  slightest  rattle  in  the  lock  of  a  door,  tearing  a  morsel  of 
]japer,  and  a  thousand  little  souixiea  of  sound  not  to  be  catalogued,  induce 
results  similar  to  those  of  visual  inipressiuus."  '* 

639,  It  is,  however,  when  the  Cerebrum  is  not  in  a  state  which  renders 
it  capable  of  receiving  and  actiug-upon  Sensorial  impreasionii,  that  we 
find  the  independent  reflex  activity  of  the  Sensory  ganglia  most  strikingly 
displayed.  Tliua  in  the  Infant,  for  some  time  after  ila  birth,  it  is  obvious 
to  an  attentive  oliserver,  that  a  large  piirt  of  its  movements  are  directly 
prompted  by  seDsations  to  which  It  can  as  yet  attach  no  distinct  idens,  and 
that  they  do  not  proceed  from  that  purpoaive  impulse  which  is  essential 
to  render  them  voluuHiry.  Thia  is  weU  seen  in  the  efforts  which  it 
makes  to  lind  the  nipjiie  with  its  lija;  being  probably  guided  thereto  at 
first  by  lh*>  smell,  but  allerwards  by  the  sight  also;  when  the  nipple  has 
been  foimd,  the  act  of  suction  is  purely  excito-motor,  an  alrejidy  explained. 
So  in  the  Idiot,  whose  brain  hiia  never  ftttaine<l  its  normal  development, 
the  iatluonce  of  sensatious  in  directly  producing  i-enjioudent  movementa 
is  obvious  to  all  who  esamiup  his  actions  with  discrimination;  and  a  re- 
markaljle  case  will  be  cited  hereafter  (Wect.  S),  in  which  an  entire,  though 
temporary  auaiiension  of  Cerebml  power,  rcduciug  the  subject  of  it  to  the 
condition  of  one  of  the  lowest  Vertebnita,  gave  a  veiy  satiiifactory  proof 
of  the  independent  activity  of  this  division  of  the  Encephalic  centrea. 

540.  But  we  do  not  require  to  go  so  far  in  search  of  characteristic 
exuoples  of  this  kind  of  relJex  action ;  since  they  are  afibrded  by  the 
perfonoanco  of  habUiuii  movementa,  wliieh  are  clearly  under  Sensorial 
giudancc,  when  the  Cerebnim  is  occupied  in  some  train  of  action  alto- 
getlier  diseoiim^ted  with  them.  An  Individual  who  is  subject  to  ■  absence 
of  mind,'  may  fall  into  a  reverie  whilst  walking  the  streets ;  his  attention 
may  be  entirely  absorbed  in  his  train  of  thought,  and  he  may  be  utterly 
unconscious  of  any  interruption  in  its  continuity;  and  yet,  during  the 
whole  of  that  time,  his  limbs  sliall  have  been  in  motion,  currying  him 
along  tlie  accustomed  path,  whilst  his  vision  shall  have  given  the  direc- 
tion to  these  movements,  which  is  requisite  to  guide  him  along  a  parti- 
cular line,  or  to  move  him  out  of  it  for  the  avoidance  of  obstacles.  Aa 
klready  pointed-out  (§  5H),  there  seems  strong  reason  for  regarding  the 
unbalatory  movementa  of  the  limbs  as  in  themselves  exei to- motor ;  but 
the  ffuidaiKe  of  these  movemimts  by  the  visual  sense,  indicates  the  parti- 
cipation  of  the  Sensorium  in  this  remarkable  performance. — It  has  been 
maintained  by  some  Metaphysicians  and  Physiologists,  that  these  'secon- 
darily automatic'  actions  always  continue  to  be  voluntary,  because  their 
performance  is  originally  due  to  a  succession  of  volitional  acts,  and 
because,  in  any  particular  case,  it  is  the  Will  which  first  excites  them, 
whilst  an  exertiou  of  the  Will  serves  to  check  them  at  any  time.     But 
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this  doctiitit'  invnlvw  tbe  notion,  lliat  tlio  Will  U  iiiii»tat«o|']<niiiuli 
like  awilliition  between  the  train  of  tJioiigLt,  sini  tin-  Itniii  oriiifuni. 
wbercna  nothing  is  luore  certain  to  the  iiidi\-irliin.l  wli«  in  thr  nubjx-. 
both,  tLon  tlmt  the  fnrnier  luny  be  as  ui]intemi|-l>-il  lut  if  hie  U4>  .. 
perfet'tly  nt  rest,  and  bis  reverie  wtre  tiikiiig  |>Lice  in  thr  (juiii 
own  study.     Andusitcommcmlj'  happena,  that  the  i)irc«ti(iu  In'., 
in  which  the  individual  ia  moat  in  the  habit  of  wAlkiog.  it  * . 
frequently  occur  that  if  he  had  previously  intended  to  purisne  & 
be  finds  himself,  when  bb  reverie  is  at  an  cud.  in  a  locality  " 
bo  very  remote  from  thattowdrds  which  Ids  w«Jk  waa  tiriginall>    !■ 
which  would  not  be  tbe  case,  if  liis  movouient^  bwl  be^n  still  iik  I' ' 
purposive  dirotition  of  tbe  will.     And  idt.houg-h  it  is  |>erf<:otl', 
these  movemHita  can  be  at  any  tiiut-  checked  by  nil  eti'orl  ••f  tli 
this  does  not  really  indicate  tliat  the  will  hasbdin  pn-vi.-ii 
nustaiuing  them;  (Anee,  for  the  will  to  act  upon  litem  nl   ' 
must  be  rccalleii  to  them,  and  tbe  Cerelivum  must  bi'  lii 
previous  self-occiipatiou.      And  tbe  grudiial  couvernitm  ol'.i 
an  automatic  li'ain  of  movements,  so  that  at  last  this  tmiti,  aom  Ki 
aliftll  continue  to  niu-down  of  itself,  will  be  found  to  bt-  h«s  tm[a>>! 
than  it  would  at  first  appear,  when  it  comes  to  be  nndniitiKid  tin: 
mechanism  of  both  sets  of  actions  Ls  eB»iuitia.Uy  the  same,  unil  iln.t 
merely  diH'er  aa  regards  the  nature  of  tbe  stimulus  wliii-li 
excit^  them  ($  540).      That  tlie  sumc  automatic  morenii'tii 
excited  by  the  same  sensations,  when  tbe  Cerebrum  is  uiitiioiil 
of  functional  connection  with  the  KenaDriniii,  iaafnct  cntindy  ii. 
with  the  ppineipic  ali-eftdylaid-down  ((§463-470).    Thepnm|.!. 
tioa  of  the  mind  in  other  ways,  as  iu  cloee  conversation  or 
even  (it  maybe)  ui  tlie  voluntary  direction  of  some  other  tmin  of  i 
movements,  is  no  less  fiivourable  thun  the  state  of  reverio,  Ifl 
pendent  action  of  the  Automatic  centres  which  baa  been  now  (!< 

541,  In  the  state  of  entire  fiuictioniit  neiivity  of  the  n«>i 
of  Man,  however,  there  can  be  no  donl)t  that  tbe  operation  of  I ' 
Ganglia  is  entirely  stdiordjnated  to  that  of  the  Cerebrum ;  and  thit  . 
furnishes  an  essential  means  of  connection  between  llie  actions  uf  i" 
Cerebnim  on  the  one  Imnd,  and  those  of  the  or^ris  ofScosi!  and  Mu 
on  the  other,  by  tbe  combination  of  which  the  Mind  is  brought 
relation  with  the  external  world.     For,  in  the  firat  jilnpc,  it  ni«y 
affirmed  with  certainty,  that  no  mental  action  can  be  originally  i 
save  by  the  stimulus  of  Sensations;  and  it  is  the  offiw  of  tlw  1 
ganglia  to  form  these  out  of  tbe   impressions  brought  to  tbcMJ 
the  organs  of  sense,  and   to   transmit  such   sensorial  chanffeB 
Cerebrum.      But  they  have  a  no  less  important  jMrticipstion 
downward  action  of  the  Cerebnim  upon  llie  motjir  apparatua:  fiir  i 
voluntary  action  can  be  purformeil  without  the  assistance  of  b 
smtsiUwii,   as    waa   first   prominently  stated    by   Sir   C    Itell.*— In 
majority  of  cusi's,  the  guiding  or  controlling  sensation  is  derirwij 
the  muscles  tbeniselvea,  of  whoso  condition  we  are  remU-ml  i        _ 
by  the  senaoiy  nerves  with  which  they  are  fununbed  j  knt  thn*  > 

*  6«e  tuB  chiipter  'On  th<i  Nervous  Circle  which  connwU  the  td1uiiUi7  moidvi 
tlu  Brun,'  in  bis  ■ork  "  Ua  the  Norvotu  S^i«m  of  the  Uumui  Bwlj." 
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CfiTtain  cases  in  which  it  ia  ordlnari! j"  Jerived  from  one  of  tlieapi-piiil  scnsua, 
and  in  which  the  '  miiscuhir  sense'  (§  3S<i)  can  only  imperfectly  aiijj])ly 
the  deticiency  of  such  giiidnnce;  whilst,  again,  if  the  'musciJiir  sense'  he. 
deficient,  one  of  the  sjiecin.!  BeQws  mny  supply  the  requisite  iufomiiition. 
The  proof  of  tills  iieeessity  is  fiu'Tilahwl  by  the  eiUire  impoasilaliCi/  of 
iiuiJdng  or  giiataiitinr/  i!olmtlart/  rffwHs,  tiHlJunil  a  ifuiding  aensalwn  of 
tome  kind.  Thiis,  in  comjilet*  anresthesia  of  the  lower  extvemltleM, 
without  loss  of  miisculai"  power,  the  patient  is  aa  completely  unable  to 
walk,  as  if  the  motor  nerves  had  rJ^o  been  paralyzed,  unless  the  deficient 
sensorial  guidance  be  replaceil  by  some  other;  and  In  siuilar  nifectious 
of  the  upfier  extremities,  there  is  a  like  inability  to  raise  the  limb  or  to 
sustain  a  weight.  Bnt  in  such  cases,  the  deficiency  of  the  '  muscular 
sense'  mny  be  made  good  by  the  visuaJ;  thus,  the  jiatient  who  cannot 
feel  either  the  contact  of  his  foot  with  the  ground,  or  the  niuscnlai'  efliirt 
he  is  making,  can  manage  to  stand  and  walk  by  looklnij  at  his  Unibs; 
and  the  woman  who  cannot  feel  the  pressure  of  her  child  upon  her  anus, 
can  yet  sustain  it  so  long  as  she  keeps  her  eyes  £xcd  upon  it,  liut  no 
longer, — ^the  muscles  ceaaing  to  contract,  and  tJie  limb  dropping  power- 
less, the  moment  that  the  eyea  are  withdrawn  from  it.  Thus  it  is,  too, 
that  when  we  are  about  to  make  a  muscular  effort,  the  amount  of  force 
■which  we  put-forth  is  governed  by  the  mental  conception  of  tliat  which 
■will  be  reijuirefl,  us  indicated  by  the  experience  of  former  scii Ratio ua ; 
just  as  the  conti-actiona  of  the  niuseles  of  vocalization  are  regulated  by 
the  conception  of  the  souiid  to  he  produced.  Hence  if  tho  weight  be 
unknown  to  us,  and  it  prove  either  much  heavier  or  much  hghter  than 
was  exjiected,  we  find  that  we  have  put-forth  too  little  or  too  great  a 
mnacular  eflbrt 

3i2.  There  are  two  groups  of  muscular  actions,  however,  which, 
although  no  le«s  voluntary  in  their  character  than  the  foregoing,  are  yet 
habitually  guided  by  other  sensations  than  those  derived  from  the 
muflcles  themselveB,  These  ai-e,  the  movements  of  the  Eychall,  and  those 
of  the  Vocal  appiirntiiK. — The  former  are  directed  by  the  visual  sense,* 
by  which  the  action  of  the  muscles  is  guided  and  controlled,  in  the  sanie 
manner  as  tliat  of  other  muscles  ia  directed  by  their  own  '  mnacular 
aensu';  wid  hence  it  liappens  tliat,  when  we  close  our  eyes,  we  cannot 
mavc  them  in  any  requireil  direction,  without  an  effort  that  strongly 
calln-forth  the  mu'MTular  sense,  by  which  the  action  w  then  guided.  In 
jKirsona  who  have  become  blind  atler  having  once  enjoyed  sight,  an  asso- 
ciation is  formed  by  habit  between  the  muscular  sense  and  the  con- 
tractile action,  that  enables  the  fomner  to  serve  aa  the  guide  after  the  loss 
of  the  i^ifluid  sense ;  but  in  those  who  arc  horn  perfeclly  blind,  or  who 
have  become  so  in  early  infancy,  this  association  is  never  formed,  and 
the  eyes  of  such  persons  exhibit  a  continual  indctcrnunntu  movement, 
and  cannot  by  any  amount  of  effort  be  steadily  fixed  in  one  spot,  or  be 
turned  in  any  definite  direction.  A  veiy  small  amount  of  the  visual 
sense,  however,  such  an  serves  merely  to  indicate  the  dh-eclion  of  light, 
is  su£Bcipjit  for  the  government  of  the  movemente  of  the  eye-ball. — In 
the  production  of  vocal  soimds,  again,  that  nice  adjtisttnent  of  the 
muscles  of  the  Larynx,  which  is  rdjuisite  to  the  giviug-forth   of  deter- 

*  See  Dr.  Altsiiu')i  Mumoir  on  Ific  '  AnaWiuioat  iDil  Phj'aJiilogii.Mil  Inferracea  from  the 
Siady  Iff  tlie  Kbiv™  ljI'  Uie  Orbit,'  in  "  Tnuis-  nf  Il"J.  Soe.  of  fMiiih.,"  vul.  iv, 
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niiiiute  tono),  is  urdiniirily  directed  by  tbe  luiditory  iteusi*:  lioiiif;  IoumI 
ill   tlie   first  iiistance  under  tlie  guiduuL-e  of  Ibe   soutids   netual!/  [o 
(liiced;  liut  Wing  KuW([uently  efiectol  voluiitAiily,  ia  >ooonUiwa  TWk  j 
the  mental  couccption  (ti  sort  of  inward  e«iL«atiou)  of  lUe  tocw  la  bl 
utt«:rLfl,  wliitjh  L'uuce]>tiou  cannot  be  furmi^d,  unless  the  ^eiiso  of  hiani|| 
liBB  pi'eviotisly  brought  aimilar  toiiea   to  the  miniL      Urtioo  il  it  tWt] 
IKOions  who  are  bnm  dfa/,  are  also  d»mh.     Thi-y  may  hnvi'  nu  iu*lfar>l 
uiaUon  of  the  organs  of  8]>i!ech;    but  they  are  inc&^ble  of  uUccU|| 
distinct  vocal  sounds  oc  musical  tones,  because  tiiey  huTC  not  tlir  jpud 
couco|ition,   or  recalled  sensfttion,  of  the  uatun.'  of  iLese.     Uf 
training,  Lowevcr,  and   by  imitative  efforts  directed   by  muscnUr  i 
tioDs  in  the  larynx  itt«elC  some  pei^ona  thus  circumatanct'd  Imvv  i 
the  power  of  B|jeeoh ;  but  the  want  of  a,  sufficiently  deluut<>  c>iii 
the  vocal  muscles  is  always  very  evident  id  their  use   of  tli«  i 
is  very  rarely  that  a  pei^on  who  ha«  once  enjoyed  the  miibc  of  ' 
aftt^rwards  becotnes  so  com/Auely  deaf,  aa  to  lose  nil  nuditorj  i 
his  vocal  orgiinit.      An  exauijile  of  this  kind,  however,  ha*  1>«MI 
nicated  to  the  |mbUo  by  a  well-known  author,  as  having  'WCUTI 
hiniBelf ;  and  the  roconl  of  his  experiences*  ctiiitMns  irintiy  {rail 
much  intereat.     Tlio  doufnciis  was  the  msult  of  on  nccidiTUt  uci«i 
childhood,  which  left  him  fur  some  time  in  a  Gtat«  of  vxtn-uio 
and  when  he  made  the  attempt  to  apeak,  it  was  with  couitideisbU) 
the  vocal  organs.      This  pain  probably  resulted   from  Hm  un 
effort  which   it   was  nece».sury  to  laake,  when  the   ostiaI  giiiila&CO  ' 
wanting;  being  analogous  to  the  uneasinesa  which  we  exjKirietwa, < 
we  attempt  to  move  our  eyes  with  the  UJa  clnsed.     Hin  voice  il 
time  is  described  oa  being  very  similar  to  that   of  a   person  barn 
aud-dumb.  but  who  has  Ijecn  taught  to  $peak.     With   the  nmniiiiml 
the  use  of  the  vocal  organs,  was  associated  un  estrenie  mental 
Million  to  their  employment;  and  thus,  for  Bome  years,  the  voiei 
very   little   exercised.      Circumstances  afterwards  forc«i   it,  howi 
Into  constant  employment;  and  great  impivveiuent  BuWquEntly 
place  in   the   power  of  vocalization,  evidently  by  atlciition   Ui  the  «■ 
(■fttions  of  the  muHcular  sense.     It  is  a  curious  circiuustauoe  fiilly  ■ 
finning  this  view,  that  the  words  which  had  been  in  use 
the  sujicrTentiou  of  the  deafne»ie,  were  still  pronon&ced  {such  of  i 
at  least,  ae  were  kept  in  employment)  as  they  had  been  in  childl 
the  muHcular  movements  concerned  in  their  articulation  haviug  titiU  ' 
fTuided   by  the  original  nuditory  conception,  ill  spite  of  tino  , 
derived   from   the   information   of  others,  that  such  prtwancmljaa 
erroneous.      On  the  other  hand,  all  the  words  suViSei^iieDlly 
were  pronoimeed  according  to  their  spelling;  the  acquired 
between  the  muscular  sensations  and  the  written  signs  being  in 
case  the  obvious  gnide. 

543.  It  is  through  the  '  muscular  sense',  in  combination  whk 
visual  and  tactile,  that  those  movements  are  regulated,  which  WW 
ccmed  alike  in  ordinary  progi*esHion,  and  in  the  mainteniuioe  of  1 
eipiilihrium  of  the  body.     That  the  vuual  sense  has,  in  most  ]■ 
large   shan;   In   this  regulation,  is  evident  from  tlie  simjde  fac^  that 

■See  tlie  "Inut  Senwa,"  bj  Dr.  Kitto;  tdT.  i.,  dupten  3  ud 3. 
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one  wbo  has  not  iieeii  iicciiwtomLMi  to  the  ileprivatiou  of  it,  cud  continue 
tu  wiilk  straight.- forwards,  wlicii  blind-fokltJ,  ol-  la  absulnt«  linrkiiwts, 
toH-anlM  any  point  in  thi'  dirpction  of  which  he  may  have  bueu  at  lirat 
giiiiloil.  But  the  blind  man,  whu  lias  \iveu  occiiMtoiniMl  to  iiily  esclu- 
nivply  njiou  bin  muSL-iilar  sorise,  liiis  no  ditUcnUy  in  k>.'ei)iiig  to  a  Htniight 
puth ;  and  moves  onwarda  with  a  coitlidpiice  whii;h  is  in  remarkable 
ciiutraat  iviCh  the  gait  of  a  man  who  has  been  deprived  of  sight  for  the 
ociaision  only.  In  fact,  as  Mi'.  Mayo  has  well  I'emarked,*  in  our  ordinary 
morenwnts,  "  we  lean  upon  our  eyesight  as  upon  cnitcliea."--When  our 
vision,  however,  instead  of  aiding  am.)  guiding  us,  brings  to  ihu  uiiud 
scusattciua  of  an  anluLroniutic  chanu:tor,  our  movt:meata  become  uneer- 
t^n.  from   the   loss   of  tliat  [lower  of  guiilaiice  and  control  over  them, 

hich  the  harmony  of  the  two  sensations  uaually  gives.  Thus  a  person 
TutucuuHLomed  to  look  dowii  lieightK,_/eeii  insecure  at  the  top  of  a  tower 
or  a  prucipiuc,  although  be  kitoiug  that  bis  body  ia  properly  supported  j 
(or  tile  void  which  he  sees  below  bim  coiitraitiotA  (bo  to  apeak)  the 
tactile  sensations  by  wlii<;li  he  is  made  eonscious  of  the  due  equilibrium 
of  his  boily.  So,  again,  although  any  oue  cau  walk  along  a  narrow 
plnnk.  whicli  forms  part  of  tho  floor  of  a  tooui,  or  which  is  ety^'uted  but 
a  little  above  it,  without  the  least  difficulty,  aud  even  without  any  coii- 
seiownie:^  of  elfort,  if  that  plank  be  laid  acroBci  a  cLadiu,  tho  bottom 
of  which  ia  bo  far  removed  froui  the  eye  tliat  the  visual  sense  gives  no 
assistance,  even  those  who  have  braced  their  nerves  against  all  emotional 
iliBtractioii.  feel  that  on  effort  is  requisite  to  maintain  the  equilibrium 
during  tlieir  [lassage  over  it ;  that  elfort  being  aidetl  by  the  withdrawal  of 
the  eyts  from  the  abyss  below,  and  the  fixation  of  them  on  a  {>oiut 
beyond,  which  at  the  same  time  helps  to  give  steadiness  to  the  move- 
ments, and  distracts  the  mind  from  the  sense  of  its  danger.  The  degree 
in  which  the  '  muscular  sense'  is  alone  sufficient  for  the  guidance  of  such 
movements,  wheu  the  nund  has  no  consciouaaess  of  the  danger,  and 
when  the  visual  sense  neither  affords  aid  nor  contributeH  to  distraet  the 
■tteation,  is  remarkably  illustrated  by  the  pheuumeua  of  Somnam- 
buliam;  for  the  sleep-walker  traverses,  without  the  leuat  hesitation,  the 
naiTow  [larapet  of  a  house,  and  crosses  narrow  and  insecure  planks, 
clambers  roola,  ic,  niider  eircunistjiuceu  that  clearly  indicate  the  nature 
of  the  guidance  by  which  he  is  directed  (§  C93). — The  deiKudence 
of  our  ordinary  power  of  maintaining  our  equilibrium,  upon  the  com- 
bination  of  the  guiding  sensations  dei'ived  through   the  sight  and  the 

inch,  is  further  well  illuHtraied,  as  Mr.  Mayo  has  pointed-out  (loc.  cit.), 
ly  what  hapjiens  to  a  landsman  on  first  going  to  sea.  "  It  is  long  before 
e  passenger  acquires  his  '  sea  legs.'  At  fint,  as  the  ship  moves,  he 
hardly  keep  his  feet :  the  sldtliAg  lines  of  the  vessel  and  surfiioe  of 
'the  water  unsettle  his  visual  stabiUty;  the  different  inclinations  of  the 
ilaiiks  be  stnnds-on,  his  muscular  sense.  In  a  short  time,  he  learns  to 
IdiBrcgurd  the  shifting  images  and  changing  motions,  or  actiuires  facility 
tu  adapting  himself  {like  one  on  horuback)  to  the  different  alt<^ratlons 
in  the  line  of  direction  in  his  frame."  And  when  a  [lerson  who  has 
(bus  learned  by  habit  to  maintain  his  equilibrium  on  a  sliiftiug  surface, 
treads  upon  firm  groiuid,  he  feels  himself  alnuwt  as  much  at  limit 


*  "DaUii»auf  Pli}uuliigj,"3nl£i]it.,  p.  3GS. 
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HA  lie  ilid  wlieti  he  first  went  to  aca:  aiid  it  in  only  ftftor  Iwiigiawl 
time  on  shore,  that  he  is  able  to  resume  his  originiil  manner  uf  i 
ludeiiil,  most  rif  those  who  spend  the  greater  jiart  of  xhrir  tuii*  »t  ■ 
acquire  n  peculiar  giiit.  which  becomes  ho  habitual  to  them,  tliAl  lla^  i 
never  able  to  throw  it  olT. 

ti44.  Bnt  further,  there  is  very  strong  physiolo^od  evi^eaea,  1i»H 
Senaory  Gniiglia  are  uot  merely  the  iiiitrumenla  whereby  our  ' 
movomeots  are  directed  and  controlled,  in  virtue  of  the  gtwifa 
aatiouB  which  they  furnish,  but  that  they  »re  actunlly  the  in 
centres  of  the  motor  influeaoc  which  excites  mnBctUar  cont 
obedience  to  impulses  transmitted  downwards  from  the  CfsrviN 
has  usually  been  considered  thnt  the  Cerebrum  acts  din-ctly  n|I 
muacles,  in  virtue  of  a  direct  continuity  of  nerre-fibres  froni  ' 
matter  of  its  convolutions,  through  the  Corjwtu  Strict*,  tJ»^ 
tract  of  the  Medulla  Oblongata,  the  nnlerior  portiun  of  Ui« 
Cord,  and  the  anterior  roots  of  the  nerves;  and  tliat  in  the  perfa 
of  any  voluntary  movement,  the  Will  determines  the  mo(«r  farm  I 
muscle  or  set  of  muscles,  by  whose  inntnimentnlity  it  may  l>e  ■ 
To  this  doctrine,  however,  the  ivnatomiciil  facts  already  Ktatnl 
constitute  a  very  sorious  objection ;  for  the  motor  trncl  ouinnt  I*  i 
with  certainty  to  have  any  higher  origin  than  the  C»r|>on  Striata;^ 
it  is  imposiible  to  imagine  that  the  fibres  which  converg«  towanb 
surface  of  these  bodies  from  all  porta  of  the  Cerebrnui.  can 
closely  compacted -together,  as  to  be  iuciudcd  in  the  motor  ooli! 
the  Spinal  Axis,  The  feet  would  rather  seem  to  be,  tliat  tlia 
vei^ig  fibres  hear  the  same  kind  of  anatomical  relation  to  tbe  ' 
Striata  and  the  other  Sensorial  centres  of  motor  power,  as  do  tlw  I 
of  the  afferent  nerves  which  proceed  to  them  Irom  the  R«tia^  ' 
Schneiderian  mombraue,  and  other  peripheral  expansions  of 
matter;  and  hence  we  might  infer  that  the  nerve-force  generUed  ia  I 
convolutions,  instead  of  acting  immediately  on  the  motor  nerrcc,  a 
directed  towards  the  Automatic  centres,  and  excites  the  some 
motor  re^oniiO  iu  tliem,  as  would  be  given  to  an  imjiression 
to  them  through  a  sensory  nerve.  We  shall  lind  that  snoh  A  ' 
the  structural  arrangemeuta  of  these  parts  is  in  remarkablo 
with  their  functional  relationi),  as  indicated  by  a  careful  analyBia  of  I 
mechanism  of  what  is  commonly  r^anled  as  '  voluntary'  mov 
The  Cerebrum,  as  will  be  shown  hereafter  (Sects.  5,  G),  may  thus  nU  I 
motor  apparatus  into  action,  as  the  iustrumeut  either  of  ijt^  i 
tnuitioiui,  or  of  volitional  dderminatioiu ;  but  we  may  limit  OBf 
exsiininatiun  to  voluntary/  movements  alone,  these  having  bem 
regarded  as  in  such  complete  antagonism  to  those  of  theauti^maticg 
that  even  separate  sets  of  nerve-libn^  have  been  thought  reijoiMli^J 
account  for  the  transmission  of  these  two  distinct  onlers  of  loatcr 
pulses  to  the  muscles. 

5ifl.  Now  in  the  first  place,  it  may  be  assert^  with  some  conSil 
that  no  effort  of  the  Will  can  exert  that  direct  influence  on  tbr  nv 
wliicb  our  oixlinary  phra-ieology,  and  even  the  hiugimgo  of  sdnti 
reaeoners,  would  seem  to  imply ;  but,  uu  the  other  hand,  that  the  Will  id 
solely  concerned  in  determining  the  regiili ;  the  selection  and  comhiiuiiDD  j 
of  muscular  movements  required  to  bring  about  this  result,  a<W  bdufi 
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effected  by  tlie  Will,  but  by  some  intei-mediate  agency.  If  it  were 
Otherwise,  we  should  be  dejieudent  iijkju  anutuinicaj  kiiciwiedgc  for  our 
power  of  perfomiiiig  the  siraplebt  movemeat  of  the  body;  wboi-eas  we 
find  the  faet  to  be,  that  tlio  man  who  bas  not  the  least  idea  of  the 
ineebaniam  of  muscular  action,  can  acquire  as  complete  a  command 
over  hia  inovemenfa,  and  can  adapt  thera  as  perfectly  to  the  desired  end, 
as  the  moat  accompliBlied  anatomist  could  do.  Further,  we  cannot,  by 
nny  exertion  of  the  will,  aingle-out  a  particular  muscle,  and  throw  it 
into  contmctiou  by  itselfj  unless  that  muscle  be  one  which  is  alone  con- 
cerned ill  an  action  that  we  can  voluntarily  perform ;  and  even  then  we 
single  it  out  by  loUling  the  action.  Thus  we  can  put  the  levator  pa/pebtte 
in  action  by  itself;  but  this  we  do,  not  by  any  conscious  deterniinatiou 
of  power  to  the  muscle  itaulf,  but  by  wUlimj  to  raise  the  eyelids;  and  it 
is  only  by  our  anatomical  knowledge,  that  we  know  that  but  a  single 
inuBcle  is  concerned  in  this  movement.  So  far  as  our  own  consuiouancsa 
can  inform  ua,  tliere  iii  no  difference  between  the  mechanism  of  tliis 
action  and  that  of  the  flexion  of  the  knee-  or  clbow-Joiut;  and  yet  in 
theec  latter  movements,  aeveml  mu.scles  are  concenied,  not  one  of  which 
ma  be  singled-out  by  an  effort  of  the  will,  and  tlutiwn  into  action 
sepaiTLtely  from  the  rest.- — ^The  idea  that  the  will  is  directly  eseited  upon 
e  musclia  called  into  action  to  produce  a  particular  movement,  may  seem 
derive  some  support  from  the  sense  of  tiittseular  fffuH  of  which  wu  are 
inus  in  making  the  exertion,  and  which  we  refer  to  the  muiwles 
which  are  concerned  in  it ;  but  this  sense  of  effort  is  nothing  else  than 
the  '  muHcular  sense'  alivady  alluded-to,  which  has  its  origin  in  the  state 
of  tension  of  the  muscles,  and  which  is  no  more  an  Indicatiou  of  inKjUal 
effort  directed  to  them,  than  the  senuition  of  light  or  sound  is  an  indica- 
tion of  II  deteiTninatiou  of  voluntary  power  to  the  eyes  or  eiii-s. 

5iG.  There  are  two  cases,  already  refei-red-to  under  another  head,  in 
which  it  is  very  easy  to  show  that  the  Will  is  concerned  with  the  result 
alone,  and  is  not  directly  exerted  upon  the  instruments  by  which  that 
reault  is  b rough t-abou t :  these  are,  the  movements  of  the  Eyes,  and  the 
production  of  Vocal  t^mes.  In  neither  of  them  are  we  conscious  of  any 
effort  in  the  muscular  upparatus,  unless  the  contraction  be  canied  beyond 
ite  accustomed  extent ;  the  ordinary  movements  being  governed,  aa  nlrejuly 
renuu'ked,  not  by  the  muscular  scuee,  but  by  the  visual  and  auditory 
■enses  respectively, — Nothing  can  l>e  more  simple,  to  all  appearance, 
thui  the  act  of  turning  the  eyes  upwards  or  downwards,  to  one  side  or 
the  othi'r,  in  obeilienco  to  a  determination  of  the  Will ;  and  yet  the  Will 
does  not  impress  such  a  detemiination  upon  the  muscles.  That  which 
the  Will  really  does,  is  to  cause  the  eyeballs  to  roll  in  a  given  direction, 
in  accordance  with  a  visual  sensation;  and  it  is  only  mlieii  there  in  an 
ofyenl  towards  which  the  eyes  can  be  turned,  that  we  can  move  them 
with  our  usual  facility.  When  the  eyelids  are  closed,  and  we  attempt  to 
roll  the  globes  upwards  or  downwards,  to  one  side  or  to  the  other,  we  feel 
that  we  can  do  so  but  very  imperfectly,  and  with  a  sense  of  effort  referred 
to  the  muscles  themselves, — this  sense  lietng  the  i-esidt  of  the  state  of 
tension  in  wliit^h  the  nmsclea  are  placed,  by  the  ettort  to  move  the  eyes 
witliuut  the  guiding  visual  sensation.  Now,  on  the  other  hand,  the  Will 
may  determine  to  fix  the  eyes  upon  an  object;  and  yet  this  very  fixation 
may  bo  only  attainable  by  a  muscular  movement,  which  movement  ia 


518 


I-ITNCTIOSS   OF  THK  CEREBRO-BPINAL  NERVOL'B   §V8TE1I. 


(lireotly  excited  by  tlie  viavwl  sense,  without  any  exertion  of  volimUiry 
power  otfor  tho  muaclea.  yucli  is  the  case  when  we  look  at«idilj-  (it  an 
object,  whilst  we  move  tlie  head  hoiizoiititlly  from  side  to  side;  for  the 
eyehalla  will  then  be  moved  iu  the  contrary  direction  by  a  kind  of 
instinctive  effort  of  the  external  and  intfimiU  recti,  which  tends  to  keep 
the  retiuiB  in  their  first  puaition,  and  to  prevent  the  motion  of  the 
imagea  over  them.  80,  when  we  look  steadily  at  an  objwtt,  and  incline 
the  head  towards  either  ahoidder,  the  eyebiills  are  rotatwl  u|>on  their 
nntero- posterior  axis  (jirohably  by  the  agency  of  the  olili<{iie  musules) 
apparuntly  with  the  very  same  purpose, — -that  of  preventing  thu  images 
trom  moving  over  the  retinw  (see  Chap,  sill,.  Sect  3).  Now  we  niunot 
reftme  to  this  rotation  any  of  the  attributes  wliich  really  characterize  the 
RO-cnlled  voluntary  movements;  and  yet  we  ate  not  even  informed  by  our 
own  coiiseionsnCBs  tliat  such  a  niovuinent  is  taking  place,  but  know  it 
only  by  observation  of  otheiii, 

oil.  Tlio  muscular  coutrnctionn  which  are  eoiioemed  in  the  production 
of  Vocal  tones,  arc,  in  like  manner,  always  iiceiiinitetl  voluiitaiy ;  and  yet 
it  is  easy  to  show  that  the  Will  has  no  direct  [Kjwer  over  tho  musi^lca  of 
the  laiynx.  For  we  cannot  raise  or  depess  the  larynx  as  n  whole,  nor 
move  the  thyroid  cartibigo  uixin  tho  cricoid,  nor  separate  or  approximate 
the  arytenoid  cai'tilayes,  nor  extend  or  relax  the  vocal  ligameuta,  by 
simply  uyiUiii'j  to  do  so,  however  strongly.  Yet  we  can  rcailUy  do  auy 
or  all  these  things,  by  an  act  of  the  Will  exerted  for  a  specific  purpose. 
We  conceive  of  a  tone  to  ho  produced,  and  we  tp'iU  to  produce  it;  a 
certain  combination  of  the  niiiacular  actions  of  the  larynx  then  t«ke« 
place,  iu  most  exact  accordance  with  one  another;  and  the  predetiimiined 
tone  is  the  result.  Tliis  anticipated  or  conceived  sensation  is  the  giiidv 
to  tho  miiacidar  movements,  when  as  yet  the  utterance  of  the  voii*  lias 
not  taken  place;  but  whilst  we  are  in  the  act  of  spwiking  or  singing,  the 
contractile  actions  are  regidated  Liy  the  present  sensations  derived  from 
the  sounds  as  they  are  ]produced. — It  can  scsircely  hut  be  admitted,  then, 
that  tho  WUl  does  iwt  directly  govern  the  movenieiits  of  the  Larynx ;  but 
that  these  movements  are  immediately  dependent  upon  some  othet'  agency. 

548.  Now  what  is  true  of  the  two  preceiling  cjasaea  of  actions,  ia 
equally  true  of  all  the  rest  of  the  so-called  vitltintary  movements;  for  in 
each  of  them  tho  power  of  the  Will  is  really  limited  to  the  detcrininatiou 
of  thei'csult;  and  tho  production  of  that  result  is  entirely  dcjiendcu I 
upon  the  concurrence  of  a  'guiding  aenaation,"  which  is  usually  fiir- 
nialied  by  the  very  musclea  that  are  called  uito  action.  It  ia  obvious, 
therefore,  that  we  have  to  seek  for  some  intermediate  ageney,  which 
axeciUea  the  actions  detenniited  by  the  Will ;  and  when  the  facta  and 
prolwibilities  ah'eady  stated  are  duly  considei-ed,  they  tend  strongly  in 
favour  of  the  idea,  that  even  Voluntary  movements  are  executed  by  the 
instrumentality  of  the  Automatic  apimratuB,  and  that  they  ditfer  oidy 
from  the  automatic  or  instinctive  in  the  nature  of  the  stimulus  by  wliicli 
they  are  excittid, — the  determination  of  the  Will  here  replacing,  as  the 
nxciliitfj  cause  of  its  action,  the  sensory  impression  which  o]>erat«a  as  such 
in  the  oaixi  of  an  instinctive  movement,  and  which  is  still  requisite  fut 
its  guidanoa 

fl-lO.  This  view  of  tho  ease  derives  a  remarkable  oonfirmatioD  from 
Uie  onitlyHis  of  two  clause*  of  very  fftTnilinr  phonoiuenx :  tJie  first  ounsiHt- 
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iiig  of  cases  in  whii-h  movcineutB  that  nn?  onliiiarily  Aiitonnitit-  are  per- 

fomied  by  VoliuitHiy  ddUM-mi nation ,  orsimjily  io  i-enpondcnce  to  itn  Iijcd; 

I  till!  second  conniating  of  those  in  which  muveuieuts  originally  Voliinlury 

I  come   by  iiabit  to  be  Automaticiiily  jHsriomied. — Of  the  first  chisa,  the 

I  net  of  Oougliing  is  a  good  oxumple.     This  actiou,  which  is  ordinai'ily 

I  ttutomatic.  may  also  bu  uicited  by  a  voluntury  determinntion;  such  a 

I  determination,  however,  ia  directed  to  the  remilt,  rather  than   exercised 

\  in  singling-out  the  different  movements  and  then  combining  theni  in  the 

I  nocessary  eequence ;  and  the  Will  thus  seems  obviously  ti>  take  the  plaoe 

I  of  the  Uryngeal  or  tracheal  irritation,  as  the  priimtm  inobile  of  the  series, 

I  which,  in  its  actual  perfonnanee,  is  us  automatic  in  the  latter  ease  oa  in 

the  former.     So,  agiiin,  we  know  that  many  of  the  automatic  movements 

which   have  been  already  refcrred-to  as  examples  of  the  sensori-motor 

group  (5  53S),  and  which  the  Will  cannot  ciiU-fortli,  may  be  [)erfoniied 

in  resjiondence  to  iil^aii  or  anii'v/itiims,  whieli  are  C'ei-obral   atatifl   that 

■eem  to  recal  the  same  condition  of  the  S<;iisoriuni  as   thiit  whjeh   waa 

originally  excited   by  the   Sensory  imprtiiwioii.     Tims  it   is  well   known 

that  the  not  of  Vomiting  may  lie  induced  by  the  rmiiembrance  of  some 

loathsome  object  or  nauseous"  taste,  which  may  have  been  excitiHl  by 

some  act  of '  suggestion ;'  and  the  author  has  known  an  instance  in  wliich 

ft  violent  lit  of  sea-aickuess  was  brought-on  by  the  sight  of  a  veasel  tossed 

about  at  sea,  which   rceajled  the  former  exiwrioncc  of  that   state.      So, 

the  Hydrojihobic  paroxysm  may  be  excited  by  the  mention  of  the  nama 

of  water,  which  of  course  calls  up  the  idea;  and  a  teadtncy  to  yawn  is 

lin  like  manner  frequently  induced  by  looking  at  a  picture  of  yawners,  or 

[by  epeaking  of  the  aet,  or  by  volnntarily  commencing  the  act  wlucii  may 

hen  be  automatiradly  tioni|)lete<t. — The  automatic  [lei'formauce  of  actions 

rhicli  were  originiilly  voluntnry,  has  already  bi-en  fully  discussed  (§  540J; 

'  Hkd  we  have  therefore  only  to  remark  here,  that  the  fact  very  strongly 

anporta  the  view  now  advanced,  as  to  the  simjlriKSU  of  the  mechanism 

which  serves  as  the  ijistmment  of  both  classes  of  actions,  an<l  the  eap*ntial 

uniformity  of  its   ojicmtion   in  the  two  casea — It  would  be  iliiBciilt  to 

explain  either  «et  of  phenomena  sutisfaotorily,  on  the  hypothesis  that 

there  ia  a  '  diatinct  system '  of  fibres  for  the  volitional  and  for  the 

automatic  movements;  nince  it  is  not  readily  to  be  conceived,  how  a  set 

!•(  movements  originally  [leribrmed  by  the  one,  can  ever  be  transferred 

t«  the  other;  whilst,  on  the  other  hand,  it  is  easy  t<i  unilcrstand  how  the 

same   inotorial  actiou   may  be  excited  in  the  automatic  ceutres,  either 

by  an   external   impression  conveyed  thither  by  an  afieivnt  nerve  from 

ft  Sensory  surfnce  (aa  that  of  the  irritation  in  the  air-jiasaages,  whieli 

excit««  the  act  of  coughing),  or  by  a  BlimuJua  proceeding  from  the  convo- 

liitol  surface  of  the  Cerebrum,  and  conveyed  along  thoae  connecting  tihrfS 

which  Reil  with  great  stigaeity  tcrmeil  the  ■  nerves  of  the  hilvriad  wnses.' 

fi50.  To  Bum-Tij),  then,  we  seem  justified  in  concluding  that  the  Cranxo- 

Spinal  A.da   of  Man  and  other  Vcrtehrata.—consiating  of  the  SeiLSory 

Ganglia,  Mednlhi   Oblongata,  and   Spinal   Coni,— is  (like  the  chain   of 

cephftljc  and  ventral  ganglia  of  Articulata  with  wliich  it  is  homologous) 

the  immeiliiite  instrnment  i)f  <dl  aensirrial  atui  tiwtvr  I'luiii^rg ;  that  by  its 

tole  and  independent  action  are  j>roduced  all  those  movenjcnts  which  are 

rauke>l  as  aiiUrnKtlic  or  i/wdVicdVe,  these  being  perffinned  in  respondence 

U>  external  impressions  wliich  may  or  may  not  alfect  the  consciousness; 
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but  (Jul  when  luting  in   sulHirdiniitJoQ  to   tlie   Cor«liruiii,  Ihr  Oviifl 
Sjunal  Atjh  truiBiiiitd  upwards  to  it  the  iufluence  of  tiftuorial  fh» 
aud  receiTcs  from  it  lliu  downwai-d  impulses,  whicli  it  direoti  i 
ticiiUy  into  the  appriipi-iate  channel  for  the  execution  of  the  nc 
'which  the  Mind  has  directed.     The  numher  of  purely-antonutic  i 
diminishes   in   propgrtioo  to  the  di^olopment  of  the  Cercbnun,  i 
the  suhjeotion  of  the  Automatic  appamtua  to  itsconttul;  but  i 
Mau,  those  most  closely  coiinoctfd  with  the  mainteiiumw  pf  ihr 
functions,  or  most  ueteasarj'  for  the  conservation  of  the  hodily  strnO 
remain  quit*!  iiidepeudent  of  Auy  nientul  iigeucy,  aud  rao«t  at  thna 
not  require  consciouauess  for  their  excitation.      But  if  thi!  neUritii  itfl 
Cerehmm  he  BUa|iended  or  he  otlii'rwise  direct«l,  without  nuj 
of  the  iiutoinalic  apparatus,  movements  wldch  have  lou;;  beou  IiaIi 
performed  iu  a  particular  sequeuce,  may  ho  kept-op,  wlien  ilir  wiD 
once  sot  them  in  action,  thi-ough  the  nutomutic  mechoniKni  hUm, 
impressioual   or  eeafjitioual  change  produced  by  each  action,  xup 
the  stimuJua  whicli  calhi-Forth  the  next. — It  muy  further   bo  oon 
tliut  the   Sensory  Granglia.  which   are   the  iaatruments  when-hv  *r  ■ 
rendered  rwigcioiDi  of  cxteruii!  impressious,  are  alao  the  st-ni  uf  ■ 
simple  j'fdiiu/t  of  pleasure  and  piiin,  which  are  tmmeidiatvly  linkcl-as  I 
that  consciousne^ :    for  it  can  scarcely  he  doubted  that  sUuL 
must  be  ajsociuted  with  particular  sonaationa,  iu  animals  that 
ganglionic  centres  above  these;    since  we  must  otherMfise 
whole  series  of  InvertcbrateJ  tribes  as  neither  susceptible  of  «&j< 
nor  cap  ihle  of  feeling  puiu  or  discomfort.     Aud  it  likeviw  i 
babie  that  the  Senfiory  Uauglia  are  alao  the  seat  of  those  pcrceplta 
wliicli  bring  the  consciousness  into  direct  rektion  with  the  cxtcnuJ^ 
that  aroused  the  Hensatiou  (^ect.  6) :  since  thn  recognition  of  ■ 
auuina  evident  iu  the  octiona  of  the  tribes  just  referred-Luu 

4.  O/the  Cerebellum,  and  its  Fmieliong. 

551.  The  Cerebellum  is  an  organ  which,  though  confined  to  Uu-| 
tehmted  sub-Kingdom,  ia  yet  in  peculiarly  intimate  reliition  wilf 
Automatic  apparatus.      In   that   highest  state   of  developmeut  wh 
presents  in  Jllau,  we  find  it  to  consist  of  two  lateral  lobes  or  j 
composed  of  nerve-fibres  invested  in  a  very  [leculiar  miuiucr  by 
aabetance,  and  of  a  central  lobe,  also  containing  a  combinntjgD 
reaionlar  and  tibi-ous  substauocs,  which  is  known  under  the  deai^ 
the  '  vermiform  process.'    The  hemispheres  are  connected  with  < 
not  only  by  this  central  lobe,  but  also  by  the  fibrous  cummiisun^ 
passes  beneath  the  Medulla  Oblongata,  and  is  known  as  the '  I'uiis  V4 
The  couimiKSiyal  fibres  form  part  of  the  '  Crum  Cerebrlli ;'   tiul  : 
portion  is  formed  by  the  stmnda  which  connect  the  Cert-lv-Jluui  »'itli  I 
anterior  and  posterior  i-olumus  of  the  Spinal  Cord  and  Medidla  (Jbloa 
(5  489);  and  iu  addition  to  these,  we  find  a  fasciculus  of  til.rps  jwmc 
between  the  Cerebellum  and  the  Corpoi'a  Qiwdrigeminn,  the    ■ 
hello  ad  testes.'     The  [wduncie  of  its  hemisplii-res  on  eithur  t-i"    - 
a  mass  of  grey  matter,  the  '  corpus  rhomboideum,'  or  '  dentatuni.' 
Kvems  tti  he  a  ganglionic  centre  for  the  fibres  that  pass  upwardii  tol 
from  the  Spinal  Curd      The  Cerebellum  has  no  direct  conni-ctioii  ■itli  1 
Cerebrum,  aud  ite  relations  are  entirely  w-ith  the  Cranio-SpimiJ  A  tit 
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552.  When  we  exainiue  iut<)  the  relative  developraent  of  the  Cerebel- 
'  lum  ill  the  ililTereiit  cliiHsisii  of  Vertebmta,  wu  liiid  tbut  it  [irctientB  some 
I  very  I'eraavkalile  ilitierencea.*  lu  its  simpler  fbrms,  this  orguu  ia  t'uund 
to  coiL'iist  entiii'ly  of  the  representative  of  tlie  Cfn/rai  l<ibe  of  the  Uuiniiii 
CurebBllum,  tlio  homis])here8  not  making  theb-  a|i[iearance  until  wc  hiiv« 
oacended  to  th«  ela^a  of  Birds.  On  ascending  the  scale  uf  Maiamifernus 
luiinials,  oa  the  other  hand,  we  cannot  but  hic  struck  with  the  rapid  ad- 
Timoe  in  the  proportional  size  of  the  Cei'ebelhim,  wldch  we  observe  as  we 
rise  from  the  lowest  (which  are  siirpiused  in  this  respect  by  many  Birds) 
towards  Man,  in  whom  it  attains  a  development  which  ai)pL'ara  enormouB, 
even  wlieu  euiitrastc<l  with  that  of  the  Qnadrumaiia.  lu  proportion,  in 
£ict,  a.s  the  extremitiea  acquire  the  j)owor  of  prohensiou,  and  together 
with  tliia  a  [Miwer  of  applieation  to  a  great  variety  of  piirpoaoa, — stiU 
more,  in  proportion  as  the:  animal  becomes  capable  of  maintaining  the 
erect  poatiire,  in  wliich  a  constant  uiiLscular  exertion,  consisting  of  a 
number  of  must  elaliorately-comlrined  actions,  is  required, — do  we  fiod 
the  size  of  the  Clerebellum,  and  the  complexity  of  its  structure,  undergo- 
ing a  i"apid  increase.  Thus,  even  between  the  Dog  and  the  Bear  there  is 
a  markoii  difference;  the  hitter  being  cafuible  of  reniainiug  for  some  time 
lu  the  erect  posture,  and  often  sjiontaneously  assuming  it;  whilst  to  the 
former  it  U  anything  but  natural.  In  tlie  semi-erect  Apes,  o^ain,  there 
is  a  very  great  advance  in  the  proportioual  size  of  the  Cerebelluiu  ;  and 
those  which  most  approach  Man  in  the  tendency  to  preserve  habitually 
the  erect  posture,  also  come  uem'esCr  to  him  in  the  dimensions  of  this 
organ. — Thus  on  hwking  at  the  bits  of  the  Cerebellum,  in  relation  to  the 
general  motor  activity  of  the  Vertehnited  classes  respectively,  and  espe- 
(ually  taking  into  account  the  vurieli/  of  their  respective  movements,  and 
the  number  of  separate  muscular  actions  which  are  combined  in  each,  we 
can  scarcely  help  noticing  that  it  is  in  the  triliea  which  are  ni<ist  distin- 
guished in  these  riapects,  that  the  lai'gest  Cerebellum  is  u.sually  found. 
Now  it  is  evident  that  Man,  although  fur  iiil'erior  to  many  of  the 
lower  animals  in  the  power  of  iMirforming  various  particular  kinds  of 
movement,  far  surpasses  them  all  in  the  number  and  variety  of  the  com- 
binations which  he  ia  cftjcible  of  executing,  and  in  the  complexity  of  the 
combination*  themselves.  Thus,  if  wo  attentively  consider  the  act  of 
waiJciiig,  we  shall  find  that  there  ia  scarcely  a  muscle  of  the  trunk  or  ex- 
tremities which  ia  not  actively  concerned  iu  it;  some  being  engaged  in 
jicrforming  the  necessary  movements,  and  others  in  maintaining  the  equi- 
librium of  the  body  which  is  disturbed  by  them.  On  the  other  hand,  in 
the  Honte  or  Camel,  the  muscular  movements  are  individually  numerous, 
but  they  do  not  require  nearly  the  same  perfect  co-ordination.  And  in 
the  Bird,  the  numljer  of  muscles  employeil  in  the  movements  of  flight, 
and  in  dii-ecting  the  course  of  these,  is  really  comparatively  small;  as 
may  at  once  be  peireived,  by  com[mring  the  rigidity  of  the  skeleton  of 
the  trvink  of  the  Bird  witli  that  of  Man,  and  by  remembering  the  almost 
complete  inactivity  of  the  lower  extremities  during  the  active  condition  of 

■  i?ee  "  Peine,  of  Comp.  PIijb.,"  g  68S. — Fuller  informatJDa  opon  this  polal  will  bo 
found  ia  M.  Ssrrea'  "  Auat.  Cum|i.  ilii  Cerrcua."  unci  M.  Lcur«t')i  "AuaI.  Ci>ui|i,  du 
fiyjttinje  ServKiu." — -Pur a  ^neml  ili'WfiMflioa  oT  tlic  et-iili-acti  afrurJi.>d  Ly  Ci>ui[>AratiTu  Ajuk- 
tumj  iu  ni)!iuil  lo  the  fuuutiuiw  ottliB  Cum  belt  urn,  ee«  tie  "Biit,  uid  I^ur.  Mvd.  Itci.," 
Tul.  xiJi.  I>l>.  &3S-M1. 
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the  upper.      In  (luA,  tlic  uiuliuiis  of  the  wingx  lire  Mt  Mimjtln  ukd 
aa  to  siigjrest  tlie  idua,  llmt,  as  in  Iti-tiMit^  tiM.-ir  olmractirr  u  iiuM*  i 
thou  voluntary : — au  idea  which  is  aufi|KH-ted  br  tlie  Ifrngth  of  ttnwt 
wliich  l\iey  can  be  kept-up  williniil  a|i]iareiit  ^tjgue.  and  alao  by  I 
portaut  lads  already  oieatiooed  (|  5'2il),  whit^  ex|ierimrntal  twanil 
(lisduni^L 

553.  We  have  uext  to  iitquiro  wLat  evidence  van  bo  cUswn  fmn 
[wrimentol  inTeatigatioikj  od  the  saue  aiibjecl;  nnd  iu  ri'A'n-DO'  to 
it  is  desirablt:  to  remark,  in  the  tirst  plfic«,  that  the  rx[HirinicnUl 
uf  inquiry  is  perlmpd  mure  apjilicalilD  to  thin  orgnn  tfann  to  uttwri 
the  Enceplmlon ;  inzidumch  as  it  can  bu  ulto^hvr  ivliutvmL 
distil I'liauce  ot'  the  actions  immoliikti^ly  i-asi^ulial  to  lili: ;  wtd  tba  I 
ttoou  recover  frum  the  shuck  of  the  ujierailon,  iind  aet'iu  tiut  litiivi 
excejit  in  some  eusily- recognized  |iatticulur<.     The  primi] 
ters  u|Jon  this  subject  h:ivu  been  RoUndo,  t'looivnis,  Mii^;! 
and  Loaget.      It  is  not  to  be  expected,  that  thi-re  shuuhl   tic  attl 
conformity  amoiij;  the  reaulta  obtaiueil  by  alL      Every  one  «bi(  !■■ 
engaged  in  phjaiulogical   experiiuenus,  is  aware  of  ihe  amount  cl  I 
once  caused  hy  very  minute  voiiatious  in  thoii'  eircuinsfcujCM*;  tn 
jiartmeut  of  inquiry  is  tliis  more  the  case,  tliau  in  ivganl  tn  tli«  Vt 
System ;  and  such  differences  are  yot  more  likely  Lo  occur  iu  nxf 
luude  upon  its  centres,  than  in  thuae  whicli  concern  ita  tniaka. — Tb*  I 
vesli^lions  of  Flourens*  arc  the  must  clear  and  dedave  iu  tbtnr  i 
and  of  these  we  shiUl  accordingly  taJce  a  general  ■urrey.     He  fnoadl 
when  the  Cerebellum  was  niechanicnliy  injured,  the  atiiuutlsgKVr  nsj 
of  sensibility,  iii>r  were  they  ufl'^cted  with  ^i^avnlsiorid.     \Vb«a  tbal 
be.Ilum  was  being  removed  by  succes^ve  slices,  the  aninuUs  b*cw>a| 
less,  and  their  movements  were  irregular;  and  by  the  time  tba*  i 
portion  of  the  organ  was  cut-awoiy,  the  aninials  had  entire! ' 
power  of  sprinijing,  flying,  walking,  standing,  ftud  preserving   i: 
librinm, — in  short,  of  performing  any  combined   niaauuliir  inuvc 
which  ai-e  not  of  a  sim|ily-rcflei  character.      When  an  unimnl  in  tltifi 
was  laid  ui>on  the  back,  it  could  not  recover  ita  former  |>ustiuv,- 
fluttered  its  wings  and  ilid  not  lie  in  a  state  of  stupor.     When  pb 
the  erect  position,  it  staggered  and  fell  like  a  dninken  man, — not,  I 
ever,  without  making  ellijrtd  U>  maintain  its  balance      When  thr 
with  a  blow,  it  evidently  saw  it,  and  endeavoured  to  Kvnid  it. 
uol  seem  that  the  animal  had  in  any  degree  lust  volunttuy  [lowtir  t 
several  muscles;  nor  did  sensation  appear  to  be  impaired.     The  (itnllf] 
of  comhining  the  actions  of  the  muscles  in  groups,  however, 
jiletely  destroyed  ;  except  so  far  a^  those  actions  (as  that  uf  RMpte 
were  dejicndent  only  upon  the  reUex  function  of  th«  Bpinal  Cbni 
ex|)eriments  aHurdeit  the  same  results,  when  made  upon  raA  dM< 
Vertebraled  animals ;  and  they  have  been  since  rej)e«t«d,  with 
ponding  effects,  by  Bouillaud  and  Hi-rtwig.     The  latter 
Flourens,  also,  in  stating  that  the  removal  of  one  side  of  the  i 
aficcts  the  movements  of  the  opposite  side  of  the  body;  and  ho 
mentioiu!  that,  il'  the  mutilation  of  the  Cerebellum  have  been  padial  <«lfJ 
its  fnuction  is  in  great  degree  re8torcd.t 

*  "  ReolicrcbH  BspiriiD.  aur  loi  |inipriet£s  et  lea  funi?ti>>u  da  SjaUuc  Vtrnai.' 
t  All  tbtae  reauJUura  ubjecicit-W  by  tliow  wbu  lUHL-ri  thai  Xim  tjavbdlBD  biWaal 
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554-.  It  WHS  fui-tlipr  affirtueil  liy  Magninlio,  tLat  tLe  i-emoval  of  tlio 
C'erebcUiini,  or  the  hiflietiua  uf  a  deep  wtiuud  in  its  BubHtance  ou  both 
sides,  iiccuatoiis  tlie  aaiitiHl  Ui  movo  liuck-initriin  ils  it  bj  lui  irrttaiatible 
iinfiiilse ;  and  this  lia  attrilniLijd  to  tlie  retrograde  jiower  of  the  Uorponi 
triiiUi,  wliiuh  now  acts  without  its  due  balniice.  Thatsiiidi  a  movement 
does  fiiii-^liiiieii  present  itself  utU-r  Hucli  injuries  aa  have  been  described, 
Ixamiot  be  i]inisl.ioned.  the  fact  having  been  coulirmed  by  other  ex]ieri- 
nieotera ;  but  it  is  a  phenoineuon  of  sucli  rarity,  that  it  canunt  hv  rijjhtiy 
considered  as  having  any  direct  dependence  U|«;in  the  injury  of  the  Ceru- 
beilum,  but  must  be  rathei'  set-down  to  some  liccidcatal  complication  or 
concurrent  disturbance ;  umre  especioJly  since,  aa  ah-eady  pjiiited-out 
(5  533),  the  functioD  attributed  by  Mageudie  tu  the  Coi-poi'a  Striuta  haa 
no  real  exists  nee.  ^But  the  reeulU  of  section  of  one  of  the  Crura  Cere- 
bulii,  which  were  lirst  obtained  by  Mageudie,  are  niiu'h  more  cunntant; 
for  the  performance  of  lliis  o]i«ralion  causes  tlie  nnlTiial  to  fall-over  ujioD 
one  side,  and  to  continue  ruUing  upon  itx  UnujiluiliiuU  axi»,  even  aa  fast 
(ill  some  iuhtitiict'x)  aa  sixty  timiiH  in  &  minute,  the  movemeiit  going-ou 
fer  many  ilavii  without  iutermi.'wion.  There  ia  a  remarkable  diderence  va 
tba  Htatemeuts  of  different  exjairi  me  liters,  however,  aa  regards  tiie  Jirec- 
of  this  rolliug  movement]  for  whilst  Mugendie  and  Miiller  atlirm 
it  it  tnkcs  place  IviimrUa  the  injured  side,  Longet  and  Lafargue  assert 
that  it  takctt  phioe/wvit  the  injured  aide  towarils  the  opposite  side.  This 
diacrejiancy  ap^Kiai-e,  iifiui  the  exjKirimeots  of  Schiff,"  to  be  due  to  a  diffor- 
(joceiuthelocalityof  thesectiou  ;  for  hestatus  that  if  the  peduncle  bedivided 
from  beiiirul,  the  animal  tumti  tuicariU  the  aide  on  which  the  section  ia 
nuulej  whilBt  if  the  section  bo  made  in/ront,  the  animal  turns ^rom  that 
ode  towardit  the  oppi^te  one.  This  difiureuce  in  explained  by  Longet, 
by  the  difference  iu  the  course  of  the  anterior  and  puaterior  flhi'es  of  the 
|ivdiuicles:  for  according  to  him,  the  former  commimicato  with  the 
decussating,  and  the  latter  with  the  noii-deciif<aiitiiig  (lortion  of  the  motor 
tract;  so  that,  when  tile  former  are  injured,  tiie  iminial  loses  control 
v«r  the  miiscica  of  the  opjKisitc  aide,  and  when  the  latter,  over  tlie 
tnosolea  of  the  same  »ida  This  rolling  movement  Is  attributed  by  Home 
to  the  ooEitinued  activity  of  the  muaclos  ou  one  sidf,  now  unbalanced  by 
that  of  the  muscles  on  the  other:  but  if  such  were  the  case,  as  Loii<;et 
justly  remwks,  it  ought  to  occur  mure  frei]ueutly  than  it  does  in  cases  of 
ordinary  heinijilegia ;  ami,  according  to  that  experimenter,  observatiiin 
uhows  that  it  rather  du|H'nds  ou  u  twinthuj  movemeut  of  the  spiuul  colunui, 
e^WCially  affecting  its  anterior  portion,  and  dragging  the  posterior  (aa  it 
^^vere)  after  it-t 

^^1  d55.  The  information  supplied  by  Pathological  phenomena,  when  iuter- 
^^nircted  with  the  oautiona  funnerly  referred-to,  ia  found  on  the  whole  to 
^BDuinoide  with  that  obtained  from  exjierimeut.  Iu  the  hi'st  plaee,  it  fidly 
^^Biip|>orts  the   conclusion,  that  the  Cerebellum   b  not  in  any  way  tlio 

I  the  Kiiul  uidtiuct,  >in  tlii:  i^ruaDd  that  thti  oluervci]  jiE^mtiunv  of  tlie  ni'ilor  fuDctiimH  Knj 

}         nftdently  cux'ourit^d'fcir,  liy  (lit;  fiuntm]  diMturtiaauu  wLiii'li  au  crjwmtiirD  »•■  Huvcrt-  lunst 
ueooHuiljr  iiuluce.     Tbc  f&IiiKji  iif  tills  objwiJua,  huwuier,  is  shoHn  Lj  tiie  huA,  Uixl  Itia 
ranch    niim  een^re  opitstiuD  ii(  tuuii-Tia^  ibL'  UcuuHjibetux  dues  uut  ucLiuiiiD  bucIi  nn 
■berralii^iij ;  IIil>  pgiror  of  ptrrk>riaiiig  tb^i  HHA>i-i^t«i]  iiinv>'mi.'UtJi,  surl  of  luaiiiUuitlDg  (.be 
luilibriuni,  Irviuj  r^mnrkAt^Iy  |ji>!#rvvd  2Ji«r  tb<7  \•^rfa  vi  tboui  1$  h'!"^). 
•   "  Db  »i  uioUirii  biiBtuB  ci.gfjjbali  inqoiiitiuncfi  oipariuieuUiiKiii"  Buokonhraiii,  1846. 
t  Sen  bis  **TniJlc  lie  I'bjBtuli^iij,"  Iviu.  ii.,  |iftrUu  ii,  pp.  2Iti,  217. 
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inatrumeiit  of  piKjchUid   operations.      Inlliinimatian   of   the  Bwotl 
covering  it,  if  cootiued  to  that  giart,  does  not  jiroiluoe  doltriiiiB:  aod 
almost  complete  du^tnictiun  by  gi-aJuitl  eotltiiing,  dovs  uot  sfipoiri 
aarily  to  involve  loss  of  iutellectnaJ  i-owur.     "But,"  n»u»Hu 
"  whilst  the  changes  of  intelligence  were  variable,    inconMMit,  and  i 
tittle  iiupoi'tance,  the  lesiona  of  wotioii,  on  the  contrary,  wtm 
in  all  the  cases  [of  sunening]  except  one;  acd  in  this  it  »  ant  i 
certain  that  motion  n-aa  not  interfered  with."   Yet  the  rosilh  of  j 
analysis  of  ils  many  as  ninety-three  cases  of  dif«aiie  of  thd 
ia  not  fiivourable  to  the  doctrine  to  which  the  results  of  eif 
seem  to  fjoint:  but,  aa  it  has  beta  justly  recn»rk«>d  by  Lon^<:^tlwi 
of  disease  ore  only  [mrtly  conipnrable  to  those  of  experiment ;  lii 
large  proportion  of  chronic  ilisorder^,  the  changes  consist  lu  tliej 
tion  of  a  new  product,  snch  us  a.  tubercular  or  cniiOToui  dvil 
a  cyst  of  some  kind,  the  gradual  development  of  which  '»  i\m\\h 
with  the  contitiiic^d  fiiuctioDal  activity  of  the  organ,  ae  wo  see  bj'] 
phenomena  uUewhcre ;  whibt  in  those  instances  lo  which    Iw 
ocouTB.  this  usually  occasions  either  complete  apopltixy  or  local  [ 
by  its  effects  upon  other  organs.     Still,  scvend  cases  of  chronic  < 
the  CerebeUiim  have  been  obseired,  in  which  uiisleaiiinr**  o/ gai 
out  paralysis,  or  only  giving  place  to  [wralysis  at  la£t  on  the 
of  hemorrhage,  was  &  very  marked  symptom  ;1'  and  these  aflcirtlai 
canfirmatton  of  the  doctiine  based  on  the  expcriinental  reiK«nlin*l' 
ivferred-lo.      In  a  few  cases  in  which  both  lobea  of  the  C«n>b«Jha 
been  seriously  iiffected,  the  teiideucy  to  retrograde  movement 
obBerved;  and  instances  are  also  on  record,  of  the  occorreDoe  of  I 
movement,  which  has  been  found  to  be  connected  with  leMcm  <{ 
Crua  CerelwlU  on  the  same  side.f     So  far  as  they  can  be  relinl-oii,  I 
fore,  the  results  of  the  three  methods  of  investipition  bear  a 
correspondence;  and  it  can  scarcely  be  doubtixi  that  they  tt^ord  ml 
approximatiou  to  truth. 

o56.  It  must  uot  be  allowed  to  pass  unnoticed,  that  some  Pbj 
(as    Foville,   I'inel-Grandchamp,  and  Dugds)  have    regarded   tk*  I 
bellum  as  the  centre  of  common  Sensation ;  chiefly  on  the  gimmdl 
connection  with  the  posterior  columns  of  thu  i^piual  Cuixl.  aiuli 
manifestations  of  pain  which  are  called-forth  by  touching  tlw 
columns.     Although  these  facts  may  lead  us  U>  admit  tlint 
beljuui  li  connected  with  the  sensorial  centres,  and  e^'cn  thnt  it  «i  i 
seat  of  sensibility,  yet  it  is  impossible  to  regard  it  as  the  excJn 
of  sensibility,  consistently  with   the  fects  with  which  oxperin 
pathological  observation  supply  us;  ^ce  neither  the  removal  of 

•  See  hii  "  Clioiqae  Uediole,"  Sbne  edit.  torn.  t.  p.  TS5. 

+  Two  such  cues  *re  reiMnlud  b;  Mr.  Dnon  in  tlie  "Med.-CliU'.  TraoL,"  nL 
uid  uiotbvr  bj  Dr.  Cowui  in  the  "  IViv.  MliI.  sad  Sur^.  Joum.,"  Apiil  t6|  IStl; 
thd  Auibor  hna  been  made  &uqauiilc<l  with  aeveral  olhtir^  \ty  geuUeiAen  KB 
ct^nixauM  they  hava  fjuUeo. 

X  A  coUecutiD  of  BQcii  cases  luu  beea  miuls  by  Dt.  Paget,  in  hi>  pafxr  m 
BlijthmiFitl  MoTements,'  in  the  "  Eduib.  Med.  and  8arg.  Joomal,"  ISIT,  *oL 
caw  fell  within  ths  Authoi's  knowledge  a  few  jc&n  tpt,  in  whifb  ■  atUt  «l  itii 
tint  huteil  for  mm?  Louri,  appeared  te  depend  njion  anutock  of  loiliffWiua ;  Ik^ 
Lung  completely  reliuved  b;  Tomittng,  and  no  funhcr  indiealiua  ut  ftmiilnlki 
oanifeBting  Itiself. 
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entire  orgnn  by  operation,  nor  its  coni|ilete  destruction  by  disenao,"  hare 
been  foiintl  to  involve  iiny  loss  of  the  urdinary  aensoriiil  powers. — There 
would  seem  much  more  probability  in  the  idea,  that  it  ia  tho  s[>ecial  seat 
of  the  '  inusoular  sense,"  which  has  80  irajwrtant  a.  share  in  the  guidance 
of  the  oo-onlinateii  movements  (§  541) ;  ami  this  notion  derives  confirnift- 
tiou  From  the  marked  atmctural  connection  which  exists  between  the 
Cerebellum  and  the  Ojitic  (iaiiglia  (corpora  qiiadrigemina),  the  pnrj>f)se  of 
which  may  be  not  unfairly  surmised  to  he,  to  conmnuiicJite  the  guidtinee 
of  the  visual  sense  to  the  organ  by  which  the  co-ordination  of  motions  is 
effected,  in  the  same  maimer  as  the  impressions  appertaining  to  the 
'  muacular  »ens«'  ai'e  transniitted  upwards  by  tho  Restiform  cohimna.  The 
chief  objection  to  snch  b.  vit'w,  would  seem  to  lie  in  the  strong  similiirity 
between  the  '  muscular '  sense  and  '  common '  or  '  tactile '  sensation,  which 
mnket  it  difficult  to  conceive  that  they  should  have  different  scats  in  the 
Setucriwm  eommuiif.  But  this  difficulty  is  diniiiiiahed  if  not  removed  by 
the  reflection,  that  the  Restiform  columns  appear  to  have  the  same 
enduwmeuta  as  the  remainder  of  the  Seiisoiy  tract  derived  from  the  pos- 
terior ciduinns  of  the  Spinal  Cord :  and  that  no  explanation  can  be  given 
of  their  extreme  scnBltiveness  to  inipi^essioiis  (ns  shown  by  experiment), 
unless  it  be  admitted  that  the  orgaii  in  which  they  temiinate  is  itself  a 
centre  of  a  form   of  sensation  cloHoly  allied   to  that  of  the  common  or 

■tile  kinii,      I'ossilily.  however,  the  true  termination  of  these  fibres  is 

the  '  corpus  deiitattira' of  the  Crura  ('erebelli;  and  the  OerelKdluni  may 
re-act  upon  imjiressiona  thence  transmitted  to  it,  without  being  itself  the 
imntrtimeut  of  commiinicating  such  impressions  to  the  conaciousnesa. 

557.  We  have  now  to  esamine,  however,  another  doctrine  regarding 
ihe  functions  of  the  Cerebellum,  which  vas  first  propounded  by  Gall,  and 
which  is  supported  by  the  Phrenological  school  of  physiologists.  This 
doctrine,  that  the  Cereliellum  is  the  organ  of  the  sexual  instinct,  is  not 
altogether  compatible  with  the  other;  and  by  some  it  has  been  held  in 
combination  with  it.  The  greater  number  of  Phrenologists,  however, 
regard  thia  instinct  as  the  r:ri:limve  fiinction  of  the  Cerebellum ;  anil 
BBsert  that  they  can  juilge  of  its  intensity,  by  the  degree  of  development 
of  the  organ.  We  shall  now  examine  the  evidence  in  support  of  thia 
position,  nlTorded  by  the  three  methods  of  inquiry  which  have  been 
aJready  indicated. — In  the  first  place  it  may  be  remni'ked,  that  the  sexual 
propensity  ia  very  closely  connected  with  various  Emotional  states  of 
mind,  to  which  '  organs '  are  assigned  by  Phrenologists,  and  of  which 

e  Cerebrum  is  universally  admitted  to  be  the  seat ;  such  for  instance 
>s  '  love  of  oflspring,'  '  adhesiveness,'  and  (in  the  lower  animals  more  par- 
ticularly) '  combativeness ;'  whilst  in  Man  it  hiLt  a  continual  operation 
upon  tlie  reasoning  faculties  and  the  Will.  Yet  the  anatomical  coimeo- 
tions  of  the  Cerebellum  are  fieculiarly  unfavourable  to  any  such  influence ; 
these  being,  as  we  have  seen,  rather  with  the  lower  than  with  tho  higher 

'ftion  of  tlie  Cerebro-si)inal  axis. — ^Again,  the  results  of  iair  obscrvatioD 
■s  to  the  corojiarative  size  of  the  Cerebellum  in  diflei-ent  animals,  can 
•carcely  t«  regarded  as  otherwise  than  very  unfavourable  to  the  doctrine 
in  qaeation,t — It  is  asserted,  however,  that  the  results  of  observation  in 

*  Se«  the  vreU-known  c&ac  rt^cordcd  bj  CimlH^tti,  ia  the  ^'Hcvuc  AI6iliciLli],"  toai.  ii. 
[p.  57. 

t  See  "Brit,  and  For.  Hudical  ObtU*,"  vol.  uii.  pp.  S3S-M1. 
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Man  lead  to  a  positive  (.-oacluaion,  that  the  size  of  the  CerebeUnm  U  a 
meuAuro  of  the  ititcDsity  of  the  si^xiial  inj^tiuet  iu  the  Indiviilual.  This 
ttstertion  hod  been  met  hy  the  t'oanter-statumeul  of  uthers,  thitt  no  »ui;h 
nJation  f'Xistd.  It  h  uufiirtuiiate  that  here,  as  in  uuidj  other  liistkucea, 
«ii?h  party  has  rej^sti^rt'd  the  observations  fnvouraLle  to  ita  own  views, 
i-ather  tbau  those  of  nu  opposiU:  clianki.*teri  ao  that  uuttl  some  additjonal 
eviiluuce  of  a  less  partial  nature  ahall  have  bccu  ciilltM^tctl,  we  must  coiiai* 
ilur  the  naiMtioaas  fitbjtul'ee.  It  may  be  safely  afiirmed,  however,  that  no 
eviileucv  u[iOQ  the  allirinntive  side  of  this  proposition  has  yetlieec  adduced, 
which  uan  be  in  the  least  degree  sitiafaetui-y  t'>  the  miiid  of  auy  Aiutb>- 
iiiiat  who  is  coni[>ct«nt  to  judge  of  it«  value.  For  iicarly  all  the  oitaerva- 
tions  which  have  liet-n  paraded  liy  Phrenologists  iu  Hup^urt  of  tiall's 
(tuctriiie,  have  beeu  tiiUTed,  nut  iijhdh  the  actual  livtcrntiitation  of  the  tiize  or 
weight  of  the  Cerebellum  iu  dilfereut  individuals,  but  upou  nu  tjllmate 
of  it»  proixirtioiial  development  frou)  the  external  confonuntiou  of  the 
skull.  Now  auy  oue  who  has  even  cursorily  exaiiiiiieil  those  principal 
tyjies  of  cranial  cou formation),  which  are  chiirocteristic  of  some  of  the 
ciiief  subdivisions  of  the  Human  sjieeies,  must  j)erceive  that  there  is 
ft  no  Icn  charact-eristic  dilierence  between  these  ditferent  typea  in  the 
occipital,  thau  there  is  in  the  frontal  region.  For  whilst  the  occipital 
pri>jej:tion  is  much  grtiUer  in  the  '  prognathous '  akull  tlian  it  is  in  the 
' ellijitical,'  it  la  iia  much  Um  in  the  'pyramidal;'  and  thus  while  Iho 
first  would  Ite  considered,  acconling  to  phrenological  nde^  to  bold  a 
much  larger  Cerebellum,  this  organ  in  the  lalt«r  would  be  regarded 
OS  necessarily  very  small.  Now  there  is  not  oiUy  as  much  evidence  of 
n  strong  development  of  the  sexual  propensity,  iu  the  characters  and 
habits  of  the  pyramidal-skulled  Asiatics,  as  there  is  in  regard  to  the  ellip- 
tical-skulled EuropciuiM,  or  the  prognathous  Negroes ;  but  there  is  also 
(Lnittomical  evidence  to  show  that  t/ie  siie  of  the  Ccreliellum  in  the  di^rretit 
riiccj  beara  ni)  relnlurn  w/iii/t^wr  to  tlie  degree  of  projectio'/t  of  the  oeci/nU; 
for  the  plftue  of  tliiii  orgitii  being  somewhat  oblique  in  the  elliptitul  skull, 
is  horiiiontal  in  the  prognathous,  and  neoi'iy  vertical  in  the  jiymmiiliil, 
while  the  Mize  and  anatomical  reUitions  of  the  orgau  are  not  in  tiio  least 
degree  affected  by  this  dittWrence  in  its  pioaition.* — Ilence  it  niny  be 
safely  affirmed,  that  no  e^ddcuce  with  regard  to  the  relation  assert^  to 
exist  between  the  size  of  the  Cerebellum  and  the  intonr^ity  of  the  sexual 
pro()enBity,  lias  any  value,  save  that  which  is  drawn  from  the  podtivo 
determination  of  tlie  former  by  raeiiaure  or  weight. 

5,'>ti.  Among  the  arguments  adduced  by  Gall  and  his  followers  in  pro^ 
of  the  connectioD  between  the  CerelNillum  and  the  sexual  instinct,  bona 
which  would  deserve  great  attention,  if  the  facts  stated  could  be  relied-on. 
It  has  been  asserted,  over  and  over  again,  that  theCeix'bellum,  iu  animals 
which  have  beeu  OHHtnitod  when  yuung,  is  much  smaller  than  in  those 
which  liave  retained  their  virility,— being,  in  fact,  atrophwil  tvom  want 
of  [Hiwor  to  net.  Now  it  is  unfortunate  lliat  vague  anserCion.  foundeil  on 
estinjates  formed  by  t!iu  eye  from  the  cranium  afune,  is  all  on  which  this 
position  rests;  and  it  will  be  presently  shown  how  very  lialde  to  error 
such  an  estimate  must  be.     The  following  is  the  result  of  a  series  of 
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*  The  AntliDi'B  BtateiautU  on  tlija  [loiDt  are  bnwd  on  the  rery  dseided  willium  uf  hi* 
friciul  Pruf.  RetiioB  o(  Stuckholm,  who  haa  paid  apMial  UMation  to  this  inqnliy. 
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"oT)sorvatioTia  on  this  snbjoct.  Bugj^eatcd  liy  M.  Lom-et,*  nnd  carrieil  into 
effect  hy  M.  liossaigne; — -The  lor.iifhl  of  the  Oernbi'llmn,  liotli  absolutely, 
and  ns  oouijHLred  with  tliiit  of  the  Uurebinim,  -wtm  a(lo|it«.'il  as  the  utiLUiini'd 
of  compiirison.     Thia  woa  aacertained  m  teu  Stallinns,  of  the  ages  of  from 
niuo  to  aiiventeeii   yeni's;  in  twelve  Mniija,  aged  fi'oin  seven  to  sixteen 
yeiira ;  and  in  twenty-one  Geldings,  aged  from  seven  to  seventeen  years. 
Tile  average  woiglit  of  tbe  Corelirum  in  the  i^'tutlwns  was  43^5  granimea; 
the  greatest  being  485   gr.,  and  the  least  (whifh  wus  in  a  horse  of  t*'n 
years  old)  being  3-jO  gr.     The  averiige  weight  of  the  Cereltcllntn  was  G I 
gr. ;  tlie  greatest  Iwing  fiS  gr.,  and  the  least  5C  gr.     The   average   pro- 
(•ortioii  borne  by  tbe  weight  of  the  Cerehollnin  to  that  of  the  Cerebi'mu, 
waB,  therufore,  1  to  707  ;  the  highest  (resulting  from  a  very  small  Cere- 
brum) being  I  to  6'25;  an<l  the  lowest  (resulting  from  an  unusually  largo 
Cerebrum)  being  1  to  7 '46.     Throughout  it  might  be  oltserved,  that  the 
variation  in  the  size  of  the  CerebeUum  was  nmch  less  than  tn  that  of  the 
Cerebrum. — In  the  twelve  Mnma,  the  average  weight  of  the  Cerebrum 
was  402  gr. ;  the  highest  being  432  ffr.,  and  the  lowest  303  gr.     That  of 
the  CerebeUum  was  (Jl  gi-.  ;  tlie  highest  l>eing  60  gr.  (whieh  wua  in  the 
itulividuftl  with  tlie  smallest  Cei-ebntm),  and    the  lowest  58  gr.      The 
average  proportion  of  the  weight  of  the  Cei-obellum  to  that  of  the  Cere- 
brum was  I  to  fjfill ;   the  highest  being  I  to  5'llO,  and  the  hiwest  1  to  7. 
The  pro|iortion  was,  therefore,  eonsiidcnibly  hightT  in  the  [lerfoct  female, 
than  in  the  perfect  iiinle. — In  the  twenty-one  Grldiiii/f,  the  average  weight 
of  the  Cerebrum  was  419  gr.;   the  liighe.st  being  ^liiH  gr.,  and  the  lowest 
346  gr.      The  average  of  the  Cereliellum  was  70  gi*. ;  the  highest  being 
7G  gr.,  anil  the  lowest  C4  gr.     The  average  proportion  was,  therefore,  1  to 
fi-97;  the  highest  being  1  to  .5-1I3,  and  the  lowest  1  to7-44.     It  is  curioua 
tliMt  this  last  wa«  in  the  inilividual  which  hsil  the  largest  Cereliellum 
of  the  whole;  but  the  proportional   weight   of  the  Cerebrum   was  still 
greater. — Bringing  together  the  results  of  these  observations,  they  are 
fouud  to  l>c  quite  opposed  to  the  stitteineiit  of  Gall.     The  weight  of  the 
CtTebram,  n^kouing  the  Cerebellum  as  1 ,  is  thus  expressed  in  each  of  the 
foregoing  deBcrijitions  of  animals: — 

Artriigr-  Uighttt.  Loitnt, 

SUUioru T-OT  TtS  6-2fi 

Mtna 6-ia  T'OO  6-09 

CMdiugB G-9T  7-44  5-lS 

The  ftvenme  proportional  size  of  the  Cerel>ellum  in  Geldings,  thei'efore, 
M  BO  &r  Grom  being  le*i  than  tliat  which  it  liears  m  entire  Horses  and 
HaRM,  that  it  is  positively  greater;  and  this  dejiends  not  only  on  diminu- 
tion in  the  relative  size  of  the  Cerebrum,  but  on  its  own  larger  dimeupion, 
as  the  following  com^iarLson  of  aheulMe  weights  will  show ; — 

Atrftl^^  Bigk*'l.  LorfH^ 

Stalliimi ai  afi  £6 

Karw 91  U  58 

Oelilingi 70  76  64 

Tlio  difference  is  so  remarkable,  and  appears,  from  examination  of  the 
individual  resiilts,  to  be  so  con-itant,  tliat  it  cannot  be  attributed  to  any 
accidt^itol  ciii;nmatanee,    arising  out   of  the   small   number  of  animals 

*  "AdiU.  Cump.  do  STrtime  Nervenx,"  tan.  i.  f.  4S7. 
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thus  extuniiied.     The  average  weight  of  the  Cerebellum   in   tiie  ttn 

Stallitina  and  twelve  MareH.  is  Been  to  he  the  game,  and  the  eKtremes 
differ  but  little  in  the  two;  whilst  the  nverage  in  the  Geldings  is  more 
than  one-seventli  higher,  and  the  lowast  ia  considerably  above  the  avenuje 
of  the  precluding,  while  the  higlieat  far  exceocli  tlic  highest  among  the 
entire  Horses.  It  is  curioii.'i  tliat  Oiill  would  have  l>c*n  much  nearer  the 
truth,  if  he  hud  oaid  tliat  the  dimeoaiouB  of  the  Cerebrum,  are  iisnallj 
reduced  by  mstruLiou ;  for  it  appears  from  the  following  table  that  snvh 
ia  i-eally  the  Cflse: — 

8b>maD6 4:13  1N6  SSO 

Mures 103  4»2  336 

(hidings 419  fieO  34« 

The  weight  of  the  largest  Cerebrum  of  the  Gelding  is  far  above  the  highest 
of  the  Stalliond :  but  it  secuui  to  have  boon  an  exti'aordiiiary  case,  as 
in  uo  othei-  waa  the  weight  al>ove  41t0  gr.  If  this  one  be  excluded,  the 
avwage  v\\\  he  reduced  still  further,  being  then  about  412;  this  may 
be  seen,  by  looking  over  tlie  whole  table,  to  give  a  very  fair  idea  of  the 
usual  weight  iti  the*«  animals,  whieh  ia  therefore  lesi,  by  about  one- 
twentieth,  than  the  average  in  the  Stalliona. — The  increased  size  of  the 
Cerebellum  in  Geldings  may  perhaps  he  accounted-for,  by  renienibering 
that  tliia  cliiHB  of  horaes  is  solely  emiijoyed  for  its  niiiscular  power,  and 
that  the  constant  exercisn  of  the  oi^m  is  not  luiUlcely  to  develope  its 
size;  wliilnt  fjtiillion«,  b«ing  kept  espeeially  for  the  purpose  of  pro{iagn- 
tion,  ai'e  much  less  applied  to  oooupations  which  call  forth  their  motor 
activity. 

55\i).  It  is  asscrlcd,  however,  by  the  followers  of  Gall,  that  very  strong 
evidence  of  the  truth  of  his  doctrine  ia  afforded  by  Pathol ogicnl  pheno- 
tneua:  excitenieut  of  the  genital  organs,  manifesting  itself  in  priapisuu 
turgescence  of  the  testes,  and  seminal  emissions,  being  an  ordinary  oon- 
coniitant  of  some  forms  of  apoplexy  in  which  the  Corebelluni  is  afiected; 
whilst  in  other  cases  of  disease  or  injury  involving  extensive  destructaon 
of  the  substance  of  the  organ,  there  has  been  a  complete  abatement  of 
seiual  desire.  The  proportion  of  recorded  cases  of  diweaae  of  the  Geta- 
bellum,  however,  in  which  any  affection  of  the  genital  organs  has  lieen 
noticed,  is  extremely  small ;  for  out  of  178  cases  which  hare  been  col- 
lected by  Burdnch,*  only  10,  or  scarcely  more  than  1  in  18,  presented 
any  symptoms  that  tended  to  indicate  a  fimctioual  relation  Ivtween  the 
Cerebellum  and  the  Genital  organs.  The  same  pihysiologist  affirms  that 
similar  atfuctiona  present  themselves,  when  the  Cerebrum  is  the  seat  of 
the  lesion  ;  and  there  seems  n  strong  probability  that  it  is  sidely  to  the 
connection  of  these  organs  with  the  Spinal  Uord,  that  such  alTections 
of  the  genitjd  apparatus  are  due.  For  erection  of  the  penis  hiw  liecn 
noticed  in  a  far  larger  proportion  of  cases  in  which  the  Spinal  OonI 
itself  haa  been  the  seat  of  the  lesion;  thus  in  li>  oases  in  which  the 
cervical  portion  of  the  Cord  was  affected,  erection  of  the  {>enis  w» 
observed  in  8;  and  in  13  cases  of  lesion  of  the  dorao-lumbar  j>ortjou  of 
the  cord,  erection  of  the  jienis  took  place  in  3.t     It  is  well  kiiuwii  th&t 

"  "  VoD  BaUtf  unJ  Lc'lifii  Ais>  Gfhirns,"  (Lpijuig.  iaiD-38).  bnnJ  iii. 
+  8m  the  "  TrHlL6  dca  MaLvliai  Js  U  Mu^Ub  EpiDiure"  ofM.  UlUvier  (il'Angnri),  KJme 
•diL,  torn.  ilL  p.  Z\6. 
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;ioi)  of  the  jienia  aDtl  eiiiissio  seminia  are  not  infrcijiieul  jiheiioiiiena 
of  lipatli  hy  hanging;  (inJ  tliis  tnct  accords  fully  as  well  with  the  idea 
that  the  ftSectiou  uf  the  sexual  orj^ans  is  (.■ousequent  npon  k-siun  of  tlip 
Craniti-Spinal  axis,  as  with  the  doctrine  that  it  is  due  tn  dianrdered 
function  of  the  Cerebolium.-^It  has  hoen  suggested  by  Scrres,*  who  col- 
lected seven  eases  iu  which  a\eilemeiit  of  tlie  genital  oi'giuiawiw  coineideut 
with  apoplexy  of  the  iiiediiiu  lolio  of  the  C'erebelhitn,  that  whilst  the 
lateral  lobes  or  hemiapheres  may  l)e  conneeted  with  the  locomotive 
hnution,  the  median  lobe  may  be  the  organ  of  tlie  sexual  iu.stiiict. 
SevemJ  cases  have  been  i^ecorded,  in  which  some  snch  relation  ai>peared 
to  be  indicated;  and  the  Author  has  been  made  awjiiiiinted  with  at  least 
aix,t  in  which  an  extraordinary  salacity  develofied  it«elf  at  an  udvaneeil 
period  of  life,  whilst,  concurrently  with  tliis,  or  following  n]ion  it,  there 
was  that  kind  of  uusteadinesH  of  gait  which  may  be  held  to  indicate 
chronic  diseujie    of  the  C'erelieUuni.      In  one  of  these  <a.5es,  of  whiuh 

;e  history  and  poat-niorteni  appearances  have  been  carefully  recorded 
by  Mr  Dunii,I  therti  was  atroug  evidence  that  the  excitement  of  the 
proj)fnsity  wtm  coincident  witli  the  irritative  Ktage  of  incipient 
til  the  central  lobe  of  the  Ceret>ellmu,  and  that  tlie  abatement 
of  tile  propensity  was  in  like  manner  tiiiucident  with  the  siibaequeut 
destruction  of  its  suhstance;  whilst  the  adi'ance  of  the  disease  into  tLe 
lAteral  lobes  was  miu'ked  hy  inipairnient  of  the  power  of  co-nfili nation 
of  movement.  But  witii  ii'gard  to  all  such  cases,  and  others  tliat  may 
be  raiikeil  in  the  same  category ,§  the  objtetion  of  Pfitrwjuin  ||  holds 
good,  that  when  disease  or  injury  affpcts  the  mediau  lolje  of  the  Ceri;- 
bellum.  the  Medulla  Oblongata  is  almost  certain  to  be  i[ii|ilieated  in 
it ;  BO  that,  as  the  evidence  already  refeiTcd-to  clearly  indiuates,  the 
existence  of  a  sjwcial  relation  hotwecii  the  genital  organs  and  the  upper 
pait  of  the  Spinal  Axis,  no  |M>sitive  proof  is  afforded  by  them  that  any 
portion  of  the  Cerebellum  has  any  special  connection  with  the  generative 
function. 

JOO.  The  Author  ia  fer  fi-om  denying  tji  loto,  that  any  peculiar  connec- 
tion exisia  between  the  Cerebellum  and  tlie  Genital  system  -,  but  if  the 
evidence  at  present  adduced  in  support  of  the  Phrenological  ])08ition  be 
held  sufficient  to  establish  it,  in  delianee  of  so  many  opp)Bing  considera- 
tions, we  must  bid  adieu  to  all  safe  reasoning  in  Physiology.  The  wi'ight 
of  testimony  ai>i«!:irs  to  hiui  to  be  quite  decided,  in  regard  to  the  connec- 
tion of  the  Cerebellum  with  the  i-egulation  of  the  inotor  function ;  and  as 
nn  additional  argument  in  &vour  of  this  view,  it  may  be  stated,  that  the 

*  "  Anabiinie  Cunii*rfo  du  Cerveau,"  torn.  ii.  pp.  Ilul,  717. 
+  Poar  moh  caaea  tave  came  nniltir  tht  aotice  of  hia  ttioad  ih,  Sim))aan  of  York. 

*  *' Hedir<i-OI»irur|j;ital  TrariH»rtioDS,"  vuJ.  x^udi. 
8  Thai,  ■  law  h«B  lifen  piiiiiuiimic»l*d  to  the  Aoliior  bj  Sir.  Torlay  of  WorcBsler,  in 

'wbieb  the  hiub]  ilmirv.  which  hail  heeo  iilwajA  iitri>'i|z  thnmgh  life,  but  whli^h  Und  Wa 
contTullei)  within  llie  liiaito  of  dvctmrj,  muiireniKl  JUelf,  iluriu^  a  period  of  boiue  uoiidin 
pratietling  de»lh,  in  H  moat  esttmordinary  di^^rec;  on  /lojf  mortrm  txAmLimtiuit,  n  tumour 
wu  toDDd  III!  the  Pon«  Yunilil. — inJ  he  haa  heen  iufonned  of  nnother  cubs  bj  Dr.  Evunnun 
(foriuBrl;  of  Dublin),  in  «hii.-h  a  juang  officer  >in  the  eve  of  ninrringc,  huring  recFiieel  i 
blow  on  the  ucdpnt  by  a  fall  from  his  hone,  bedUDu  iropolent,  wilhont  any  othor  Jitioi'dor 
of  hit  bixlily  or  meutal  |hjwen ;  and  in  the  diiitrona  coneequent  n}>on  tlii?  dlHcovery,  uum' 
Initlcd  snidde  on  the  motniDg  Gied  f^r  his  weddiu);. 

U  'Sni  qoelquu  point*  de  La  Phyniiiliiele  du  Csrtclet  et  de  la  MoeLle  Epinidre,'  in 
"Qai,  Htdiwle,"  1S3S,  Wm.  iv.  p.  fA«. 
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lobes  o(  the  Human  Cereliellum  imilergo  thoir  mcist  rapid  ' 
dui'iug  tlie  firat  few  yeara  uf  life,  when  a  Uvrge  number  of  CiMu&let ' 
lai7  movements  ai'e  being  learneil  by  experieneiN   anJ  «tv  iicinp; 
oiated  by  meiins  of  the  muscular  scnsaitions  ocootupauyiiii^  Uir-ra ,  «li 
in   those   animultt  wliiuh   have,   immediately  afWr  Lirth,   tlif   pontr 
r^^lating  their  voluntary  movements  for  delintt^  ol>j««t&,  vilh^ 
greatest  preci«on,  the  Cerebellum  is  more  fully  developed  at  lh«  ( 
binh.     In  both  instances  it  ia  wtrll  formed  and  in  active  u]>cmL 
far  as  can  be  judgednsf  by  tlie  amount  of  circulatiou  ilirough  it)| 
before  the  sexual  iuHtinct  manifests  itself  in  any  {>c-re«ptiMo 
But   uoitlier  doctidne  need  be  maintaiurMl  aJtogetlier  to  the  exdt 
the  other;  and  there  are  many  among  the  Fbmuologist^  of  tlix 
day,  who  hold,  with  Serre-a,  that  whilst  the  iienti^phfre^  of  lii*  Vvr 
possesa  the  tiiidowments  now  genonilly  assigned  lo  iLi*ni  by  Pliyi 
the   centnil  l-vl/e   is  connected  with  the  Genital  futictiou.      It 
shown  by  Dr.  N.  S.  Davis,*  however,  that  there  is  no  |ierci-jitibl«i  i 
ence  in  the  dimensions  of  this  eeutral  lobe,  any  moi*e  ihan  in  those  { 
hemispheres,    between  Bulk  and  Oxeu ;  and  uo  pruiif  It** 
offered,  eitvo  that  affoi-dcd  hj-  the  pathologicnl  evidcuiii  jimt  rvC 
that  any  such  endowment  is  possessed  by  it.    Thiit  in  aiitav  way  or  j 
however,  either  the  central  portion  of  the  CerebeUuin.  or  aomo 
the   Medulla  Oblongata,  has  a  special  connection  with    tlip   (I 
function,  npjwHrs  to  the  Author  to  be  indicated  with  toU-rablw 
by  seveml  of  the  Patholc^cal  phenomena  alnaily  citjjd.     Thi"  i 
Btanoe,  too,  of  which  he  has  frevjucjitly  been  Hssurt-d,  that  ffivrnX  nf 
tion  to  gymnastic  exercises  diminishes  fui-  a  liine  the  sexual  vigas 
even  totally  suspends  desire,  soecns  worthy  uf  oonsideratiuu   in 
to  such   a  view;    for  if  the  Cerebellum  be  reidly  connected  with 
kinds   of   function,   it  does   nut   seeui   un reasonable   timt   the  eso 
employment  of  it  upon  one  siioidd  diminish  its  energy  In  rcganl  to  i 
other. — All   analysLs  of  the  nature  of  the  Sesiial  proj)ensity,  ho 
suggests  the  conehision  that  we  are  not  to  look  in  lliis  ]««.  of  thoj 
piialoii  for  any  tiling  else  than  a.  scat  of  the  itexustl  wiunf  ton ;  the  i 
of  wliicli  seiMUS  to  be  suffieiently  different  from  that  of  mere  UutiUi 
tion,  to  ref|iiii-e  a  distinct  ganglionic  centre.     Such  a  centre  wnildl 
likely  to  be  placed  in  the  line  of  the  other  sensory  ganglia,  and  is  i 
connection  with  them, 

561.  As  in  the  case  of  other  sensations,  the  Sexual,  when 
excittid,  nmy  j;ive  rise  to  ideas,  emotions,  and  desires,  of  which  the ' 
brum  is  the  seat;  and  these  may  react  on  the  muscular  system  tlir 
the  Intelligence  and  Will.      Hut  when  inordinately  eiciled,  or  vhra  i 
kept  in  restraint  by  the  Will,  the  sexual  sensations  will  at  once  i 
play  resp>ndent  movements,  which  lu-e  then  to  lie  regarded  M  I 
automatic :  this  is  the  case  in  Nymphomania  and  Satyriasis  in  th«  ] 
subject ;  and  it  is  pi-obably  also  the  ordinaiy  mode  of  ojieratioD  \ 
sense,  in  stith  of  the  lower  animals  as  hare  Dot  psychieal  power  m* 
to   form  a  conception  of  an   abwnt  object  of  gratificntiau,  anil  rauu 
therefore,  be  said  to  have  sexu.il  deain/i.     Thus,  like  otlivr  snuaatiiia,  "l 
inaj  act  cither  iiUell4i/eii[ial/j/  or  automrUieally ;  giving  rise  to  Wfrfli.  ^^ 

*  "Tranmctions  nf  Amerimn  Medial  AnooM^cui,"  (oL  iU.  )i.  I1E 
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aon  to  t)iL-  Ccrcbriiin,  which  idciis,  H.<«uciated  with  jjleasurabte 
feefingi,  origiojitti  daiires  ttiat  stimulate  tlic  Keiv<oiung  jKiwcrs  ti) 
dewiae  meBjis  for  their  gratification,  and  excite  the  Will  to  the  iiecesaiiry 
actions ;  or,  by  itw  iDimediate  action  upon  tlie  motor  apparatus,  producing 
rospoin.Ient  iiwveinent*. — Of  this  doulilu  iw>dn»  opei-andi  wo  seeiu  to  have 
sufficient  evidence.  For  among  many  of  the  lower  tribciH  of  luiimols,  at 
the  time  when  the  generative  organs  are  in  a  state  of  fiiiictionfJ  activity, 
the  presence  of  an  individual  of  the  oppoBJto  sex,  indiciited  hy  tlia 
Bight,  smell,  hearing,  or  touch,  immechattily  esoitea  the  whole  tnun  of 
instinctive  actions  concerned  in  the  reprwluctive  operation ;  whilst  we 
have  no  evidence  in  them  of  any  voluntnry  exertion,  resulting  from  the 
exiiitence  of  a  clesjre  eutei-tained  in  the  alisence  of  the  object,  and  intended 
for  the  grfttiliofltiou  of  that  desire.  lu  Man,  on  the  other  hand,  the 
principal  oi>eration  of  the  sexual  scnaationa  is  iu  awakening  desires  and 
ttU'eciioui,  which  serve  as  excitements  to  the  intelligeyce  and  as  motives 
to  the  Will ;  and  it  is  only,  under  ordinary  circiunstanceis,  when  the  two 
sexes  have  been  thus  brought  into  close  relation,  that  the  direct  reaction 
of  thesexual  sensation  manifests  itself  in  automatic  movements.  In  cases, 
however,  in  which  this  sensation  is  excit4.-d  in  uniii^ual  strength,  it  may 
completely  overmaster  all  motives  to  the  repression  of  the  jiropeusity. 
and  mny  even  cntii'oly  reniove  the  actions  from  volitional  control ;  and 
a  state  of  a  very  Biinilar  kind  exiutt!  iu  mauy  Idiottt,  iu  whom  the  sexual 
propensity  exerts  a  dominant  |iower,  not  because  it  is  in  itself  pecidiiu-ly 
Strong,  but  because,  the  Intelligence  being  undeveloped,  it  acta  without 
restraint  or  direction  from  the  Will, 


5.   T?i^  Ctrebrum.  a/ml  its  Functums. 

563.  We  come,  iu  the  last  place,  to  consider  the  fiuictionHof  that  por- 
tion of  the  Nervous  Centres,  which  is  evidently,  in  Man,  the  predominant 
organ  of  his  whole  system ;  iieiug  not  merely  the  instrument  of  his  Reason- 
ing faculties,  Imt  also  possessing  a  direct  or  indirect  conti-ol  over  nearly 
all  the  actions  of  his  corporeal  frame,  save  those  purely  vegetative  processes 
which  are  most  completely  isolated  from  his  animal  powers.  We  shouM 
bo  in  great  danger,  however,  of  coming  to  an  erroneous  conclusion  as  to 
the  real  character  of  the  Cerebrum  and  of  its  operations,  if  we  confined 
ourselves  to  the  study  of  the  Human  organism;  and  the  history  of  Phy- 
siological science  shows,  that  every  wlvance  of  knowledge  respecting  its 
functions  has  tended  to  limit  them,  whilst  at  tlio  same  time  rendering 
them  nioreprediie.  Tlius  the  Brain  (this  term,  in  the  older  Anatomy,  lieing 
chiefly  appropriated  to  the  Cerebrum)  was  once  aceounted,  not  merely 
the  centre  of  all  motion  and  seusation,  but  also  the  source  of  all  vitality ; 
the  different  processra  of  nutrition,  socretiou,  ifcc,  being  maintained, 
it  was  supposed,  by  a  constant  supply  of  '  animal  spirits,'  pi'opagated 
from  the  brain,  along  the  nerves,  to  each  individual  part.  The  more 
modern  doctrine,  that  the  Symfiathetic  System  has  for  its  special  function 
to  supply  the  nervous  influence  rojuisito  for  the  maintenance  of  the 
functions  of  Organic  life,  was  the  first  step  in  the  process  of  limitation; 
still  the  Erain  was  regarded  as  the  centre  of  all  the  Animal  tunutions; 
and  no  other  part  was  adniitteil  to  poBfieta  any  |K)wer  indep<mdently  of  it. 
By  experiment*  and  jiat  ho  logical  obeervations,  however,  the  powers  of 

11  M  2 


S3S 


FCNcrroKS  of  the  cekebbo^pinal  KERvncB  sTanx. 


the  Spinal  Cord  as  an ind^pe.udeut  centre  dfai'tiiin  vrentnoxl  mtnlilnhed: 

Bud  it  was  thus  shown  that  there  is  a  large  olius  of  niHiJotis  in  wh 
thi>  Brain  has  no  concfrn.  and  that   the   I'cmovii]   of  the  ("etrlit*! 
spheres  is  not  incompatihie  (eren  among  the  higher  VcrU'limtat  vitbt 
prolougL-d  mainteniincpof  asortof  inert  and  sewrcely  (mnaoinua  lifr 
it  hiis  been  uBiially  niainlainpd.  and  with  great  show  of  r.  '  .i 

Oerelirura  is  the  instninient  of  all  pgiichic.nl  of^rativna,  aii  . 
o1  all  the  niovpiuciits  which  could  not  Vw  assii^ned  to  the  i-t'lii.'i  u*t 
the  Spiuii!  Cord.     An  attempt  has  been  made,  however,  in  tlir  |t] 
pages,  til  bIiow  that  thb  view  ia  not  correct ;  and  that  then.'  is  *  claMI 
RCtiona.  neither  excito-raotor  nor  voluntary,  but  directly  conaeqdi'Iit  I 
Sensations,  anil  constituting  (with  the  excito-motor)  the  tnily  in^in 
actions,  which  may  be  justly  assigned  to  certain  Ganglionic  centr»  uuti 
independent  of  the  Cerebrum  than  is  the  iSjiimd  Cunl  itwlf.     I  ( liii*  1 
further  pointed-nu^  thitt  the  Cerebrum  mUiSt  lie  eunsideret)  in  the  I 
an  organ  siiperiulded  for  a  particular  pnrpose  or  set  of  purpiiscs.  i 
as  one  whioh  is  essential  to  life ;  that  it  has  no  repre$.emtati>'c  amri 
Iuveii«braba  (ejtcept  in  a  few  of  the  highest  fomii,  which  eviilv 
present  a  transition  towards  the  Tert«l>rated  series);  ajiil  thnt,  at 
first  introduction  in  the  class  of  Fishes,  it  evidently  perfunns  »  rah 
dinate  pnrt  in  the  general  actions  of  the  Nervous  Systeiu.      Hi-iioi',  wh 
ever  be  the  function,  or  st-t  of  ftiuctiona,  we  aanign  to  the  (.ferrbnini, ' 
must  keep  in  view  the  »//«riai  character  of  the  oi^n ;  and  mint  uk 
lose  sight  of  the  fact,  that  itt  predominance  in  Man  does  not  dejiHvnf 
parts  of  their  indejiendeut  powers,  although  it  nuiT  fceeii  thi-  rsrr 
those  powers  in  check,  and  may  considerably  modify  their  manifr»b 
563.   Before  proceeding  to  iriqitii-e  into  the  Phvsiol-:^  of  the  Cor 
we  may  adi-autngcously  take  notice  of  some  of  the  IcAiling  featurts  ati 
structure. — In  the  first  place,  it  forms  an  exception  to  the  general 
ou  which  the  elements  of  ganglionic  centres  are  arranged;   in  huvtug  ill 
vesicular  substance  on  the  fjUcrior,  instead  of  in  the  central  jnit  of  ( 
mtisa.     The  purimse  of  this  ia  probably  to  allow  the  veaicnUr  nuUter  I 
be  disposed  in  such  a  manner,  as  to  present  a  very  largo  tur/niyr, 
of  being  aggregatod-together  in  a  more  compact  mass;  and  by  thi>  Bin 
to  admit,  on  the  one  side,  a  more  ready  access  of  the  blood- veteeU  irkidl 
are  so  essential  to  the  functionul  operations  of  tliia  tisncv  as  well  i 
more  ready  communication,  on  the  other,  with  the  vast  nninber  «f  tflvM| 
by  which  it.'i  influence  is  to  be  propagated.     There  is  no  rciosou  wlia 
to  believe,  tliat  the  relative  functions  of  the  vesicular  and  fibrviu  cob-) 
stances  iii-e  in  the  least  altered  by  this  change  in  their  reiatjve  poaititia; 
indeed,    the  results    of  observation  upon  the  phenomena  of  disurdcnd 
Oei-cbral  action  are  such,  as  to  afford  decided  confirmation  to  thr  dn-bip* 
now  generally  accepted,  that  the  action  of  the  Vesicular  to^Urr  cmuli- 1 
tutes  the  suvrce  of  nen-ous  power,  whilst  the  Fibrous  structure  ha*  fori* 
office  to  cmidi'cl  the  influenco  thus  generated  to  the  points  at  whldi  H 
ia  to  operate.     The  purpose  of  this  arrangement  is  further  oviJeond  hf 
the  fact,  that,  in  all  the  higher  forms  of  Cerebral  structure,   wir  filx)  1 
provision  for  a  still  greater  extension  of  the  sni-face  at  which  lie  vnuoiltf 
matter  and  the  blood-vessels  may  come  into  relation ;  this  being  cflwl"^ 
by  the  plication  of  the  layer  of  vesicular  inatf*!r  into  'convolutinn".' 
into  the  sulci  between  which,  the  highly  vascular  uiemliraoK  kMtimi 
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tlie  'pia  mater'  dijia-dowii,  aending  multitiidi-s  of  aasdl  veasela  from  iht 
iimer  aurl'ace  into  tUu  substance  it  mvi'sts. 

564.  Tilt   Corfk-iU  substance  or  ■  ijrL-y  matter'  of  the  Hemispboi'es 
essentially  cousiata  of  tliiit  c<!s-ii:iilar  iieiTe-aiibstance,  which,  iii  the  Spimil 
Corii,  as  ill  i;ang]ionic  muBsps  generally,  is  I'oiiud  to  ocuupy  the  interior. 
Its   usual   thickness   is   about   one-lifth   of  uii    iuth ;    but    uoiiaitlurablo 
varifttions  jireaent  theniBelves  in  this  rL-sjis't't,  as  alao  iii  the  depth  of  the 
convolutions.      Thus   tht'  jiHciitions  are   deepest,  and  the  layer  of  "  grey 
matter'  the  tliickest,  during  the  period  of  greatest  nervous  energy,  that 
IS,  ia  ntiJdlt'  life;  in  infanuy  and  in  old  age,  the  convolutions  are  simpler 
anil  have  fewer  imdulationa,  and  the  tbicknosa  of  their  cortical  substance 
is  much  inferior;  aud  the  same  is  true  of  the  adult  brain  of  some  of  the 
least  cultivated  nicea  of  raoukind.      Three  layers  of  somewhat  different 
hues  may  be  ilistinguisheil  in  the  cortical  sulistiince;  the  extprnal,  while; 
the  middle,  /litre  i/reji;  the  internal,  i/eUmmnh  red.     The  latt«r,  however, 
may   generally  be   subdivided   into   four;    namely,   tVo   white    laBunie, 
alternating  with  two  yellowliiii-red  laininie,    Thruugliout  its  entire  thick- 
neaa.  however,  nerve- cells  and  nerve-tibrea  are  intermixed;  and  these 
are  iRi1>cdded   iu  a  granular  mfttris-subatance.     The  nerve-cells  ai-e  for 
the  most  part  remarkable  for  the  number  of  pale  slender  branching  pro- 
cesseji  wliich   they  give-off;  and  it  may  be  sti"ongly  suspected,  tliough  it 
has   not    been   uiieijni vocally  pi-oved  by  obsi^rvation,  tliat  these  are  con- 
tinuous with  some  (at  least)  of  the  fibres  which  are  found   in  close 
relation  to  tbem.     These  cells  are  most  abundant  iu  the  middle  or  pure- 
grey  layer,  aud  next  to  this  in  the  internal  or  yellowish-red  layer;  on 
the  other  hand,  in  the  external  white  layer,  aud  in  the  white  streaks  of 
the  internal  layer,  the  fibres  spread-out  ia  a  plane  that  is  nearly  panillel 
to  the  surface.      The  further  the  fibres  peiiutruto  Irom    the  medullary 
HtrataiQ  into  tlie  cortitail  substance,  the  finer  do  they  become ;  and  iu 
the  external  white  lamina,  iu  which  they  form   numerous  sujicriin posed 
layers,  aud  cross  each  other  in  various  directions,  they  are  reduced  to  their 
Teiy  smallest  dimensi<ms.      It  seems  certaiu  that  both  iu  this  and  aLso 
in  the  grey  layer,  »<inte  of  the  fibres  return  by  loops;  although  it  has  not 
been  yet  found  possible  to  determine  to  what  order  of  fibres  these  belong,* 
5Go.   In  the  MediiUari/  oTjihrou*  substance,  of  which  the  great  mass 
of  the  Cerebrum  is  composed,  three  principal  sets  of  fibres  may  be  dis- 
tinguished.    These  are, — jlrsl.  the   radiating   fibres,   which  connect  the 
vesicular  matter  of  the  cortical  substance  of  the  Hemispheres  with  the 
Thalami  Optici,  and  which,  if  our  view  of  the  function  of  the  latter  be 
correct,  may  be  regarded  as  imceniliiiij :—iiecimd,  the  radiating  fibres 
which  connect  the  vesicular  matter  of  the  cortical  substance  of  the 
HemiKpheres  with  the  Cor|K»ra  Striata,  and  which,  on  similar  grounds, 
may   be   regardcl   aa  deacending; — anil   third,   the   Commissural   fibres, 
which  establish  the  connection   between  the  opposite  Hemisjdieres,  and 
between  the  different  parts  of  the  vesicular  sulistanco  of  the  same  side, 
especially  between  that  disposed  on  the  surface  of  each  hemisphere,  aud 
thi)se  isolated  jiatches  which  are  found  in  its  interior.      It  is  ou  the  veiy 
large  proportion  wliich  the  Commissural  fibres  bear  to  the  rest,  that 
the  bulk  of  the  Cerebrum   of  Man   aud   of  the   higher  animals  seems 

*  8m  Pri)f,  K'llUkrc'B  "  MiLDuoI  of  Hoidad  Hiatolugy,"  (SjJad,  Soc.),  vol,  i.  pp.  431^ 
113;  uul  bin  "  llikruakopiscbs  AuftUimie,"  bund  ij.  §  IID. 
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nluL'By  tu  depend:  uml  it  is  easy  to  coiioeivH.  that  th'n  oi^ijftitiaa  hat  wl 
important  Tvktioii  with   tlie   ojierations   uf  the  Miml.  ^ludf-wf  l"i 
view  of  tbe  relative  fuuctions   of  different  parts  of  the  d-rrbraBL 
appears  from  the  lute  research'.'*  of  31.  BailUirgcr.   that   tW  lurjittt 
the  &u/i  of  the  cerebral  hemispheres  sre  so  fur  li-om  In-nHngMi^  < 
proportiou  to  each  other,  iu  ditt'erent  animuU,  that,  uoCvithatBailbif  I 
depth  of  the  couvolutlona  iu  tho  Human  Cerehmm.  iU  btilV  is  :;  |  tiu 
as  great  in  pro[>ortioD  to  its  aiirfooe,  as  it  ia  in  the  Babbit,  thr 
of  whoso  Cerebrum    is  snwoth.      The   eotire  sur&oe  of  Uw>  Un 
Cerebrum  Is  estimated  bj  him  at  about  C70  square  inchea.* 

■3lili.  With  rt'gard  to  the  Radialiitg  fibres,  which  connect  tbo  ' 
Striata  and  TliaJami  Optid  with  the  veaicuhu-  snt&cc  of  tho 

Pro.  M. 


Ua^rtBi  at  liie  raaEUI  rDlatitnu  of  tliA  prinripfli  Bocvphatir  PfntpH.  M  lAovB  Ik  •  1 
HDl^ani-i..  C«r«Nfani;  B,  Certb«Dain:  c.  dpidoh-nwlor  tnn  i        '    '  '  .    iht  OJAdm 
igkrli  o{f,  Or  Oplic  Uf-C.  and  Ibr  Audil»i7  out.  <nlh  thr  Thlbn.  -uhI  Uh 

MTUlar';  D,  AtiNJuQA  OLlmi^H;  K,   SpirulCtird;— a.uUKik^-  'I'lH-,  ', 

heiuiaplierea.  not  only  hna  no  positive  proof  yet  been  oblatneil  of  ' 
direct  continuity  with  tliose  whicli  cuter  into  the  coni|Kiiutiua  t/  \ 
nerves  procemling  from  the  Spinul  Cord  and  Medulla  OMuugitB;  I" 
the  ri'Hu]t«  of  the  mo»t  recent  and  careliil  examination  are  in  oj>]iu«tia 
to  aaoh  an  idea  (§dl9).     And  we  have  seen  that  thert^  are 

*  The  inTenDce  iliawn  bj  H.  Fultitrger  from  the  fu4a  )m  bM  MUnUd, — MmI;.  I 
the  priipurtioD&l  anrface  af  vesicular  nutter  in  differcint  utimaii,  wfcvlba  iihiiJiImpI  i' 

luldT,  Di  reUtivel^  to  the  Tuliime  uf  the  Cerebrum,  hea  m,  i «|«iiMhiM«i  aift  ■ 

inlellectna]  eapabilit}^,^ — in  fw  too  rweeiung  \a  aaraiDiitiuii ;  aax,  acabaf*  ihni.  I 
inerawe  in  the  coDuniesarai  lihrvs,  crnuin^  ui  iii^;n]ealatiim  nf  the  bulk  uf  Hit  CinlcM  I 
tOMj  be  alike  (be  <ause  uf  iarivAacil  intelligence  aofJ  'jf  A  din^LoLfiUvd  ]ir"|i  nihil  I  a 
of  TTOtfgUr  matter,  thouEh  the  latter  still  remaina  at  tbe  ofigjjul  aoom  of  na«t. 
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pnenoraena,  which  are  liest  ex]>lained  by  coiiaidering  these  mdinting 
librea  aa  of  a  c(i/iiiii,iitfiiirij/,  nature  only;  and  as  serving  to  connf^t  tbe 
vesicular  matter  of  tlio  Ceroltrum  witli  that  of  the  higliev  portions  of 
the  Crani(*-Siiimd  A.rU,  tbroiigh  which  alone  they  are  brought  into 
relation  with  the  central  terminations  of  the  afferent  iiervoa,  and  with 
ori;^ns  of  the  motor  {§  544). — Thus  the  Anatomical  relation  which  the 
grey  matter  of  the  Cerebral  convolutions  bears  to  the  central  SeJiaovium, 
precisely  com^poiids  with  that  which  is  bcinio  to  it  by  the  Retina,  which 
essentially  consists,  like  it,  of  an  expanaioa  of  vesicular  substance  (§  7541; 
whilst  the  radiating  fibres  of  the  mcdullaiy  substance  answer  preelBely 
to  the  Optic  Nerve.  And  it  is  a  most  important  conti mi, ition  of  this 
view,  that  such  a  relation  is  also  shown  to  exist  by  the  history  of  Dcto- 
lopment.  For  tlie  cortical  substance  of  the  Cerebrum  and  the  Retina 
alike  originate  a.-*  offsets  from  the  Benaory  Uanglia ;  the  former  detacliiug 
itself  from  the  Coi-jms  Striatum  on  either  side,  the  latter  i\fim  Uio  Tha- 
lamus Opticus;  and  each  being  gradually  removed  to  a  greatt'r  and 
gi'eater  dintance  from  its  original  centre,  by  the  elongation  of  the  inter- 
Tening  commissui-al  tract.  It  seems  to  have  been  a  kind  of  recognition 
vS  this  analogy,  which  long  aiuee  led  the  sagacious  Reil  to  <iesigiinte  the 
ihral  lobes  as  a  congeries  of '  nerves  of  the  interniil  senses.'* 
fi67.  The  Commi»3urnl  fibres  constitute  two  pi-iuci|uil  groups,  the 
IniiiJirerKe,  and  the  {'Wjii'ii/iiiiil;  the  fornver  connecting  the  two  Henii- 
Bpheres  with  tvioh  otbor;  the  latter  uniting  tUo  different  parts  of  the 
same  Hemisphere. — Of  the  transverao  commissures,  the  Corjnis  Cailogiiin 
is  the  most  important.  This  consist*  of  a  mass  of  fibres  very  closely 
interlaced  together :  which  may  be  traced  into  the  substance  of  the 
heniispiien^s  on  each  side,  particului'ly  at  their  lower  jiart,  where  their 
oonueetioiis  aro  the  clotscst  with  the  Thalarai  Optici  and  Corpom  Striata, 
,Jt  is  difficult,  if  not  iniposaible,  to  trace  its  fibres  any  fiirther;  but  there 
lean  be  little  doubt  that  they  radiate,  with  the  tiliri's  proo^editig  from  the 
Vodies  just  imin'id,  to  did'crent  parta  of  the  cortical  Hulstjince  of  the 
Hemisjilieres.  This  commissure  is  altogether  wanting  in  Fish,  RejitUes, 
uid  Birds;  and  it  is  partially  or  completely  wanting  in  tiiose  Mammals 
whose  Cerebrum  is  formed  upon  the  least  complex  plan, — the  Rodents 
and  Mftrsupials.  AltJioiLgh  the  A  nlerior  commissure  particularly  unites 
the  Corpora  Striata  of  the  two  sides,  ninny  of  its  fibies  jmiss  through 
those  organs,  and  radiate  towards  the  convolutions  of  the  Hemispheres, 
especially  thone  ()f  the  middle  lobe :  this  commissure  is  [larticularly 
large  in  those  Marsupials,  in  which  the  Corpus  Callosum  is  deficient. 
, — Of  the  longitudinal  commissures,  some  lie  above,  and  others  IjcIow, 
e  Corpus  CallosTim.  XJjion  the  transverse  fibres  of  that  body,  there  is 
longitudinal  tract  on  each  side  of  the  mediau  line,  which  serves  to 
innect  the  convolutions  of  the  anterii-r  and  jvost^rior  Cenjbi-al  lobes. 
Above  till'*,  again,  is  the  Su/ier!or  loii'/iliidinal  commissure,  which  is 
formed  by  the  fibrous  niattt'r  of  the  givater  convolutions  nearest  the 
median  plane  on  the  upper  surface  of  the  Cerebrum,  and  which  counects 

*  He  »ay«,  "  Tlie  nerrea  of  the  eilenml  wainet  uuil  mlanLarj  ninaolM  tampis  fruui  the 
nkDiam  forwanli  and  bsckwnnlH,  uid  ntmif;  uver  Cbe  whuJe  of  tliv  UKif  hi  on  to  Foanect 
it  wiUi  the  orgnii  of  the  ttml ;  the  nervtA  uf  the  kntema]  t^Maez,  [moral  jkui)  iut^llecttul 
QumllAeii],  im  llie  (ither  hftad,  hjwe  no  ohjt-fTt  Vieyuuil  the  rznkaium,  luid  nro  therpfire  found 
roIIed-iip  "a  IhemwlTm  asi  lunuiDg  the  toassL-B  iif  Uie  lirain."  (An'hir.  fiir  I'bj'iiiol., 
tl802;limdti.,  ».  JOtl.) 


FDirenoBs  or  tbk  pkrbbbo-spdial  kkbvoob 

tW.  coQvolulioDS  of  the  Anterior  and  middle  tubt^a  with  UtoM  < 
pijhteiior.     Ik'iitfltb  the  Corpus  Callosmu.  Wft  finil  ihc  ma»t  _ 

ol'  all  tho  1oii><itU(liDal  commirsiire^  tlie  /'oni'-r.      Thin   U  coiUWBtJI 
front   with   the   Thalittiii   Ojitici,  the   Corjium  il.-iiiiiuilWi*,  tli*r 
Cinereum,  4c.;  and   behind,  it   spreiuis   its  lihrea  iirnr  tin-  Uij 
(tuiijur  and  minor),  which  are  nolJiiiig  cIub  than  peculiar  iMn«u4a 
tlml  project  into  the  posterior  uud  descinidtiig  coruua  of  ilip 
ventricles.      The    fourth    longitudinal    cummiisun!   is  tlie   TV'"-' 
cirrularia,  which  forms  part  of  tlie  aime  ayslvni  of  libren  with  ! . 
connecting  the  cor|)Us  iiuuiinilllaru   nnd   thulaiana  f>pticua   of  ■  ••■ 
with    tlie   middle   lube   of  the  cerubrnl    li('iiiis|>here.       If,   aa   Dr.  Ta 
bns  remarked.*  we   ciiul'l  take  away   the   goriias  callosum,  lb«  , 
matter  of  the  interntil    eon  volution,    and    tlie    ventricular 
of  the  optic  tlialaiui,  then  all  these  comuiiflsniv^  would   Ul-< 
aud  would  1>eeouie  unitiHl  in   the  fame  series  of  hmgitudiual 
Experiment   iloes   not   thi-ow   any   light   u[M)n   ibe  [xirliiiiUr  fu 
of  the  CorjiuB  Callosum  aud  other  Couimisaiu'ejt ;  since  tbrv  mn  ' 
he  divided  without  severe  general  injuiy.      It  would   nf 
that  the  piirtiiii  or  entire  ahsenee  of  thuse  port*,  reducing     ■  .   ■ 
(in  this  respect  at  least)  to  the  level   of  llial  of  the  Mkcmt 
druped  or  of  the  Bird,  in  by  no  m<»Da  an  iiiifre4)ueDt  caua«>  • 
intelleclual  power.t 

068.  The  weight  of  the  entire  ELncephelon  in  th«  adult  MaJc  1 
ranges  Vxitwocu  40  and  60oz.,  the  average  being  about  50  at.;  and  iat 
FeniuJe  fi-oni  3C  to  5CI  oz.,  the  average  being  about  4d  or.     The  1 
mum  (jf  tli«  healthy  brain  seems  to  be  iiLoat  64  oz.,  and  tli«  mil 
about  31  oz.     But  in  casca  of  Idiocy,  the  amount  is  eometimisi 

*  '^  AnHtomy  of  tbe  BnuD»  S|piaA]  Ccinl,**  &c.,  p.  234. 

't  The  fulloviiigcaseof  defidealcummiA^nr^  recMrOed  bjMr.  t^l^vt  I  ''Me 
Tnuusetuius,"  vol.  iiir.  I,  is  of  mucb  irUreat.     Tb»  middle  portiou  uf  Uw  F«att.l 
thcirholo  iif  ibi)  S«|itum  Luuldum,  wvrasbHiDt;  mbd  in  plan  uf  (he  C<iTinis  OifLf,  1" 
wafl  only  n  Ihiu  rnJ^i'lirnlatiHl  layer  of  fibroaa  matter,  1  ~4  indl  lu  lui^b,  of  «ludi,  1 
tbe  fibre.^  exteatlcJ  lo  nil  tbe  porU  of  tbe  brain  inio  irhloU  Ibe  dbranrfUw  hmUji 
mlliHUiu  c.nn  hr  tmeed.      Tlie  Middle  >:iimiiii«Riire  uoB  rerf  large ;  and  tbe  bMnl 
the  Kvmii-,  »ith  the  Tfn\  of  tbe  Bntin,  vat  qaiu  heslthj.     The  patJeM  *a*  a  i 
girl,  wbo  died  uf  p^rKcjtrdilia.     She  had  diajilAyed  nothing  ver^  retuarkaUe  I*  htf  I 
cvuditiun,  darint;  ber  life,  liejond  i  pecuiinr  iran/  of  fortlkotight  atid  f-ti>arr  t^jtip^i 
tht  yrvhiiliir  nvHf  ofOtinyt.     Her  toemory  laii  goxl:  and  ihe  pOMcwd  u  iBii<-b  dd 
kDuwleil>{e  01  IB  trommoDlf  acqulrrd  lij  jienwsa  in  ber  rank  of  life.      She  wu  iiTp-d  i 
cbnrut'ter.  imiitworth.T.  and  full;  vompeUnt  to  all  the  dultea  of  her  Hstiun,  Ifcoi^  i 
what  bee<lle» ;  ber  temper  vob  good,  and  dispoaitiaa  cbearfol. — The  mental  di 
most  uf  tbe  few  other  «uce  of  irhich  the  detaiU  bave  been  nmrded,  Bt«n  tal 
the  Bome  unler;  and  thia  ia  eiartiy  vbal  might  have  been  intidpaled;  aa«  the  i 
tiou  of  tbeae  purta  take?  a»/ij  tbat,  whii^b  is  most  characteristic  fif  the  Cerehrw  J  \ 
and  of  the  bibber  Mammalia;  Mr r  intellect ool  opeiatioufl  being  pemltarlj  < 
bj  that  npiilicali'in  nf  pait  erpennet  to  the  prrJicfion  iff  the  /ulare,  mUtk  i 
one  of  tbe  bighetl  etfDrti  of  luIelligenFe. — Anotber  cue  has  been  unoe  put  <a 
Hr.  Uitrhcll  Ilenif  (tip,  dl..  vol.  uii.).  in  »bieh  the  anterior  portian   of  llu 
Oallosum  iniB  defirient,  t-jgetbcr  tith  Ibi'  middle  and  anterior  portion  r^f  llic  F-mil,  i 
tbe  whole  of  tbe  t^eptum  Lneidani,      There  vos  in  ibia  nuw  bIhf,  a  marked  iaii 
deGcieney,  bnt  apiiaivDtlj  of  a  ilttTureal  chaiact^r  &om  Lbal  whirh  >ba«H  ttidf  ial 
preeeding  cobb  ;  fur  instewl  of  Tiiucitj-  and  bablliisJ  rapidity  of  oftion,  there  n*  hrrr  ti^l 
prupaniunalti  de^ee  of  DluwaeRB  in  aotion,  iimouiiling  almnst  to  itupidily.     Tbe  difina*! 
in  the  two  cases,  however,  it  prrluip^  I<i  he  tet-down  rather  to  Iba  lun-uut  <i  f^  \ 
lempenmeat ;  liaw;  in  butli  oflbtm  there  teema  tu  have  Uvn  a  defieisDCf  in  tJit  pmif  I 
tKjjing-au  a  coDtinaoiu  train  of  tboiigbl. 
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this;  an  low  h  weight  us  20  ounces   having  been  recordoii. — It 
from  the  recuut  inveatigatiouB  of  M.  Bourgi.Ty,  that  the  reliitive 
mZDS  of  the  diti'eretit  cumpoiieiit  eleuientH  of  the  Human  Eiicephtilon  are 
Bomewhul  as  follows.      Dividing  the  whole  into  2U4  iiarts,  the  weiyht  of 
the  Cerebrum  will  be   rejireseiiteii   by  jilHiut   170  of  those  piii-ta,  that  of 
the  Cerebellum  by  :il,  ami  that  of  the  Medulla  Oblongata  with  the  Optic 
TliaJumi  ami  CorjKirH  Striata  at   13.      The  weight  of  the  Spinal   (Ji.in.1 
would  be,  ou  the  Mime  scale,  7  pai-ts.      Hence  the  Cerobnd  H.emisphei'es 
of  Mnu  iuulude  au  amomit  of  nervous  matter,  which  'u/aUr  times  that  of 
all  the  rest  of  the  Ciaiiiu-i^piiial  uuuib,  more  tlian  eiyht  tiiiiea  thai  of  the 
Cerebellum,  tkirleeii  tinies  that  of  the  MediiUa  Oblongata,  itc,  and  Uoerity- 
four  times  that  of  the  Spinal  Cord. — The  averagi;  weight  of  the  whole 
Encephalou,  in  proportion  to  that  of  the  body,  in  Man,  tjJdng  the  average 
of  a  great  uumhcr  of  observations,  is  about  I  to  30.     This  ia  a  much 
larger  propurtiou  than   that  wliieli  <'l>taiiis  in  moat  other  animals ;  iLua 
the  average  of  Mammalia  ia  stated  by  31.  Leuret  to  be  1  to  IWJ,  that  of 
iJirds  1  to  ii-l,  that  of  Reptiles  I  to  13^1,  and  tliat  of  Fishes  1  to  5668. 
It  is  interesting  U)  riimark,  in  i-eierence  to  thew?  eatimates,  that  the  Ence- 
phalic [irolougatiou  of  the  Mt^dulla  Oblongata  in  Man  (being  about  oue- 
sixteciith  of  the  weight  of  the  whole  H^ncephaJou)  is  alone  more  than 
twice  as  heavy  in  proportion  to  Ids  body,  tis  the  entire  Enccphalon  of 
Reptiles,  and  ten  times  aa  heavy  jis  that  of  Fi«l), — But  there  are  souie 
animiUs  in  which  the  weight  of  the  Encephalon  bears  a  higher  proportion 
to  that  of  the  body  tlum  it  (loHi  in  J^lau ;  thu»  in  the  Blue-hetided  Tit,  the 
ijMrtion  is  as  1  to  12,  in  the  GoldHuch  as  1   to  ii4,  and  in  the  Pield- 
ouse  u»  1  to  31.     It  does  not  hence  follow,  however,  tliat  the  6'ereiniw» 
IB  larger  in  pi-oportion;  in  fact,  it  is  pi-obably  not  nearly  so  large;  for  in 
Birds  and  Rodent  Mammals,  the  Sensory  Uanglia  form  a  very  cousidei'H.ble 
prtijxjrtion  of  the  entii'e  Kuceplialou.      The  importance  of  diatiuguishing 
between  tlie  several  parts  of  tliis  niaae,  which  ai*  luarkeil-out  aa  distinct, 
alike  by  their  utrnctuie  and  connections,  and  by  the  history  of  their  de- 
velopment, has  not  l>een  by  any  means  sufficiently  attended  to. 
.     ii'i'J.  The  Enccphalon  altogether  reeeives  a  supply  of  Blood,  the  amount 
of  which  is  very  i-emiirkable,  when  its  oompanitive  bulk  is  considered; 
the  proportion  which    goes    to   it  being,  accoi-ding  to  the  estimate  of 
Haller,  an  much  as  one-fifth  of  the  whole  muss.     The  manner  in  which  this 
blood  ia  conveyed  to  the  brain,  and  the  conditions  of  its  distribution, 
oll'er  9<)me  peouliaritiea  worthy  of  notice-     The  two  Vertebral  and  two 
Cui*oti<]  arteries,  by  which   the  blood  enters  the  cavity  of  the  ci'auium, 
have  a  more  fi'eo  comninnication  by  anastomosis,  than  any  similar  set  of 
arteries  elsewhere;  and  this  is  obviously  destined  to  prevent  an  ohstnic- 
lion  in  one  trunk  from  iiiterruptjng  thti  supply  of  blood  to  the  parts 
through  which  its  branches  are  chiedy  distributed,^ — -the  cessation  of  the 
circulation  through  the  nervous  matter  being  immediately  [irodiictive  of 
■usjicnsion  of  its  functional  activity  (Princ.  of  Gen.  PiiYa.) — Not  only 
must  there  be  a  sulhcient  supply  of  blood,  but  it  must  make  a  regulated 
pressure  on  the  walls  of  the  vessels.      Now  the  Enccphalon  is  diHcreutly 
circumstanced  from  other  Taacidar  organs,  in  being  enc!ose<l  within  an 
unyielding  bony  case  (§  281) ;  and  we  tend  a  aj^cial   provision  for  e(|ual- 
iziug  the  bidk  of  the  contents  of  this  cavity,  and  for  countei-l>aLincing 
the  results  of  diffei'enoes  in  the  functional  activity  of  the  brain  and  in  ite 
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supply  if  blond,  ID  the  existence  of  a  fluid  which  is  t'oimd  beiionth  tha 
aiiicliTioi<l,  both  on  the  surface  of  the  braiu  and  Bjjimil  cord,  and  in  tho 
ventriclea  of  the  former.  Th«  ainoimt  of  this  '  ceifbro-spiiiul  fluid '  seems 
to  average  ubont  two  ounces ;  litit  in  caaes  of  atrophy  of  the  lirain,  as  much 
oa  twelve  ounces  of  fluid  RiBy  domctimea  be  obtaiofd  from  the  cmnici-spinal 
cavity ;  whilst  in  al!  iuatancea  in  which  the  bulk  of  the  brain  has  under- 
gone an  LucrcH-ie,  whether  from  the  production  of  additional  nervona 
tiijsue,  cr  from  undue  turgeseeuce  of  the  veitsels,  there  ia  either  a  diminu- 
tion or  a  total  abnoncc  of  this  fluid.  It  a|>pears  trom  the  experiments  of 
MiigenJie  (to  whom  our  knowledge  of  its  importance  ia  cliiefly  due), 
that  its  witli<lnLwid  in  living  animals  cniiHpa  gretit  disturbance  of  the 
ccrebnil  functioua,  proliahly  by  allowing  undue  distension  of  the  blood- 
vciwela ;  it  is,  liowever,  capable  of  being  very  rajiidly  reg*'n crated ;  and  ita 
reproduction  i-e,store.s  the  neiToiiB  centres  to  their  natuiid  fitjite, — As  the 
' cerebro- spinal  fluid'  can  rtiulily  find  Jta  way  from  the  aub-arachnoid 
flpace.i  of  the  craniiil  cavity  into  thoae  of  the  xpiiial,  anil  ns  it  is  no  less 
readily  absorbed  than  reproduced,  it  evidently  aerves  as  iin  eqiializer  of 
the  :iiuouat  of  pressure  within  the  crajiial  cavity;  admitting  the  dis- 
tension or  contraction  of  the  vessels  to  take  place,  within  certain  limits, 
without  any  considerable  change  in  the  ilegree  of  compression  to  which 
the  nervous  matter  is  siibjecteiL  That  this  uniformity  is  of  the  greatest 
imjiortance  to  the  fiiiictional  exorcise  of  the  brain,  is  evident  hraia  a  few 
well-known  facts.  If  an  operturo  be  made  in  the  skidl,  and  the  pro- 
truding [lortion  of  the  brain  be  Buhjectcd  to  pressure,  the  immediate  sus- 
pension of  the  activity  of  the  whole  organ  is  the  result;  in  this  manner. 
a  state  resembling  profound  sleep  can  be  induced  in  a  moment,  the 
normal  activity  being  renewed  aa  momentarily,  so  soon  as  the  pressure  is 
withdrawn.  This  phenomenon  has  often  been  observed  in  the  Human 
subject,  in  cjiaes  in  wluch  a  portion  of  tlii?  ciimial  envelope  has  been  lost 
Ijy  diBiM.se  or  injury.  The  various  sj-mptoms  of  Cerebral  disturbiineo 
which  arc  due  to  a  state  of  general  Plethora,  are  evidently  owing  to  an 
cj>;6«  of  pressure  within  the  vessels;  but  an  undue  diminution  of  [ires- 
aui-e  is  no  U»«  injurious,  tLs  a[i[H-jirs  from  the  disturbance  in  the  Cerebi-al 
functions  wliich  resiiltii  fi*o«i  the  very  opposite  cause,  namely  a  depression 
of  the  power  of  the  heart,  or  a  deliciiTicy  of  blood  in  the  vessela, — li  ia 
of  peculiar  imjiortance  t*i  bear  in  mind  the  disturbance  of  the  Cerebt«l 
functions  occiisioned  by  vai'iations  of  internal  jH-fsmfr'",  when  we  are  endeit- 
vouring  to  draw  infei-ences  fiiim  the  iiheoomena  jireaented  by  diseiwn. 

nli).  We  shall  now  jirociied  with  our  Physiological  inquiry  into  the 
functions  of  the  Oerebnim ;  and  shall  appeal,  as  before,  to  Human  and 
Comparative  Anatomy,  to  Experiment,  and  to  Pathology,  for  ojir  chief 
data. — The  anatomical  relations  of  the  Cerebrum  to  the  other  Enceiihalio 
centres,  clearly  deinoustrato  that  It  is  not  one  of  the  es.sential  or  fuoda- 
nieutoJ  portions  of  the  Nervous  system ;  but  a  aupei-fttided  organ,  reiceiv- 
ing  all  its  iinpulsca  to  action  from  the  parte  below,  and  operating  upon 
the  body  at  large  through  thein.  And  its  great  bulk,  joined  to  its 
position  at  the  aummit  of  the  whole  appai'atua, — the  vesicular  substance 
of  its  convolutions  affording  a  termination  to  the  fibres  in  connection 
with  it,  and  not  being  for  the  most  part  only  traversed  by  them,  as  is 
the  case  with  that  of  all  the  lower  centres, — clearly  mark  it  out  as  tba 
highest   in   its  functioikal  relations,   and  as   miuistering,   so   tkr   ax  any 
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mntem!  instniraent  may  do,  to  the  exercise  of  tli'iiie  pBychtcnl  powers, 
whieli,  ill  Man,  exhibit  so  rcmarkaLIc  a  pi'wJouiinaiice  over  tin;  mere 
uuinial  lustincta.  Tliis  conclusion  is  I'tiDy  lionifrout,  wLen  wo  extend 
our  inquiries  from  Human  to  Coiu)'arative  Anatomy;  for  with  Home 
apparent  exceptions,  wbich  tliere  would  probably  be  no  gi-eat  diffieully 
in  explaining  if  we  were  in  possesaion  of  all  the  requisite  data,  there  is  a 
veiy  close  correspondence  between  the  reliitivo  development  of  the 
Ccrcbnim  in  the  several  tril)es  of  V«-t*br»ta,"  and  the  degree  of  hilelli' 
t/eitce  they  respectively  potisoss,- — ^usiug  the  hitter  term  as  &.  comprehenBtva 
expression  of  that  series  of  mental  actions,  whicli  cousiata  in  tlie  iit^en- 
tiontil  adaptation  of  meonsi  to  ends,  based  on  detinite  id'iaa  as  to  the 
natui'e  of  both.  It  is  not  olwayri  easy  to  >\ay,  in  the  case  of  the  lower 
animals,  what  [BU'ta  of  their  actions  are  to  bu  attributtd  to  automatie 
impulses  {i.e.  to  be  conaidcrcd  as  iBstinctive),  aiid  what  should  be 
re^trded  as  the  residta  of  Intelligence.  Tlie  clianteter  of  Intelligent 
actions,  however,  lis  compared  witli  Instinctive  (§  45U),  is  usually  shown 
(1)  in  the  variil;/ o{  jiu-aus  wiiieh  are  adopted  to  compitsa  the  same 
ends,  and  this  not  tnei-ely  by  diflercnt  imlividnals  and  by  sutces-sive 
genemtiona,  but  by  the  same  individual  at  ditferewt  times ;  (2)  by  the 
improvement  in  tlie  mode  of  accomplisliing  the  objoct,  whieh  reaidta  from 
e  intelligent  use  of  eijterieuce,  and  from  the  greater  command  of 
,8  which  U  progi'essively  attained ;  and  (.■))  by  the  eonfoiinity  of  the 
to  altered  circumstances,  so  that  the  character  of  adaptiveness  ia 
still  maintained,  however  widely  the  new  conditions  may  de^iart  from 
iliose  which  mast  be  considered  as  natural  to  the  sfiocien. 

571.  The  difforence  between  actions  which  proceed  from  the  Intel- 
lectual faculties  prtimpted  by  the  instinctive  propensities,  and  those  of 
u  purely  Instinctive  character,  is  well  seen  iu  conipariiig  Birds  with 
Insecta.  The  Instinctive  tendencies  of  the  two  cliLaaes  are  of  nearly  the 
name  kind ;  and  the  usual  ui'ts  which  both  exhibit  in  the  construction  of 
,eir  habitations,  ui  procuring  their  food,  and  in  escaping  from  danger, 
nst  l>e  rcgaided  oa  intuitive,  on  account  of  the  unifiinuity  with  which 
they  are  practised  by  diH'erent  iniiividunis  of  the  same  species,  and  tlie 
[wrfection  with  which  tbey  are  exercised  on  the  very  fiifit  occasion. 
But  in  the  adaptation  of  their  ojjerations  to  peculiar  cirL-uuisl-inceji, 
Birds  ilisfilay  a  va'riety  and  fertility  of  resource,  far  Burpassing  tliat  which 
manifested  bj'  Insects;  and  it  eiin  scai-eely  be  doiilited  by  those  who 
it^ntively  observe  their  habits,  that  in  such  adaptations  they  are  often 
ided  by  real  Intelligence.  Tliis  must  be  the  case,  i\>r  example,  when 
ey  make  trial  of  several  means,  and  select  that  one  wliieh  best  answera 
e  purpose :  or  when  they  make  on  obvious  improvement  from  year  to 
in  the  comforts  of  their  dwelling ;  or  when  they  ai-e  influenced  in  the 
,oice  of  a  situation,  by  jieculiar  circuniataneea,  which  in  a  state  of  nature 
caji  scarcely  be  sup]iosed  to  affect  them.  The  complete  domesticability 
of  many  Birds  is  in  itself  u  proof  of  their  possewing  a  certuin  degree  of 
intelligence;  but  this  alone  does  not  indicate  the  possession  of  more  than 
a  vei'y  low  amount  of  it ;  since  many  of  the  must  domesticable  aniniula 
are  of  the  humblest  intellectual  capacity,  and  seem  to  become  attached  to 
Mnu,  princijially  as  tl)o  soiu'ct.'  on  which  they  de]>end  for  tho  supply  of 
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their  auimal  wants.     But  there  are  certain  tribes  of  Birds,  eapeciully  thi 

Parrots  and  their  allii-s,  which  ]j&sayss  an  extraonlinftry  degree  of  m/mco- 
hiUty,  julJ  H-Licli  iiiiLiLil'est  u,  power  of  perBjrming  ainiiile  sets  oi  rea»»niitg, 
that  n,rL-  <jiiito  coinpurable  with  those  of  achilrl  when  finit  learning  to  talk, 

o72.  This  ilevelojiment  of  the  Intelligence  under  the  infliieuco  of  Man, 
a,ni\  in  accoiiiance  with  Aw  habila,  rather  tlian  with  the  original  habits 
of  their  species,  is  yet  nmre  remarkfthle  in  tlie  case  of  those  Miininsala 
whose  instincts  lead  them  to  attack  themBelves  peeuHarly  to  him.  ssd 
whose  powers  of  reascining  are  called-forth  in  a^Lnptlnt;  theiuselveji  to  the 
new  ci renin uta noes  in  which  th'iy  are  thus  placed.  The  actions  of  a  Dog, 
a  Horse,  or  an  Ek-phant  are  evidently  the  result,  in  many  instances,  of » 
complex  train  of  reujwning,  differing  in  no  essi'ntial  res])ect  frtim  that 
whicli  Man  would  perform  in  similar  eircuniatances :  so  that  the  epitket 
'  liiill'-rejirtoning,'  eoinmonly  applied  to  these  animals,  does  not  express 
the  whole  truth ;  for  their  mental  processes  ai'e  of  the  sanie  kind  with 
those  of  Man,  and  differ  more  in  i\wih-tp-ee  of  comprehensiveness  of  their 
diitji  and  coucluaivcuess  of  their  inli-rencea,  than  they  do  in  their  es.sentitil 
chitiTicter.  Wc  have  uo  cvidencu,  howevi^r,  that  any  of  the  lower  an i mala 
have  a  voluntaiy  power  of  dirfrtin;/  their  mental  operations,  at  all 
^iniilar  to  tliat  which  Man  possesses :  these  o{ierattoim,  indeetl,  seem  to  bs 
of  very  muph  the  same  cliuracter  as  those  wliich  we  perform  in  connected 
dreams,  different  trains  of  thought  eoinmeneing  as  they  are  suggested, 
and  proceeding  according  to  the  usual  laws,  until  some  other  disturb 
,  them. — Although  it  is  c\istomary  to  regard  (he  Dog  and  the  Elepliant  a» 
the  most  intelligent  among  the  lower  animals,  it  is  not  certain  that  wb 
do  BO  with  jiiHtice;  for  it  is  very  possible  tliat  we  are  misled  by  that 
|ie<:uliar  attachment  to  ^Inu,  which  In  them  nni.tt  be  termed  an  instinct, 
anil  which  entei-s  as  a  motive  into  a  large  pr(i]iortion  of  their  actionfi; 
and  that,  if  we  were  more  acquainted  with  the  [isychical  characters  of  the 
higher  Quadruinnna,  we  should  tind  in  Ihem  a  greattT  degree  of  mental 
capability  than  wo  now  attribute  to  them.  One  thing  is  certain,  that 
the  higher  the  degree  of  Intelligence  wliich  we  tind  characteristic  nf  a 
partieulfir  race,  the  greater  is  the  degree  of  variation  which  we  mert- 
with  in  the  characters  of  individuals:  thus  everybody  knows  that  there 
are  stupid  Dogs  and  clever  I'ogs,  ill-tempered  Dogs  auil  goinl-tenineroc? 
Dogs. — as  there  ai'e  stupid  Men  and  clever  Men,  ill-teni|>ored  Men  and 
good-tempere4l  Men.  But  no  one  could  distinguish  between  a  stu]>id 
Bee  and  a  clever  Bee,  or  between  a  giwd-tempercd  Wasp  and  an  ill-tem- 
pered Wasp,  simply  because  all  l/teir  actions  are  prompted  by  an  lu- 
Tnrying  Instinct. 

573.  Ill  estimating  the  relative  development  of  the  Cerebrum  in 
different  trilies  of  Animals,  and  in  comparing  this  with  their  relative 
Intelligence,  it  must  be  borne  in  mind  that  the  tize  of  the  organ  doca  not, 
cunsidci'ed  alone,  afford  a  means  of  accurate  judgment  as  to  its  power. 
For  the  quantity  of  vesicular  matter  wliich  it  contains,  affords  the  only 
feir  criterion  of  tho  latt«r;  ftn<l  of  this  we  niust  judge,  not  merely  by  the 
sujierlieial  area,  but  by  the  number  and  depth  of  the  convolutions,  aod 
by  the  thickness  of  the  coi-tical  layer.  Again,  there  are  many  reason* 
why  it  is  not  fair  to  estimate  the  relative  d'^velopmenl  of  the  Cerebrum 
by  the  proportion  which  it  bears  to  the  whole  bulk  of  tlie  animal;  and, 
on  the  whole,  the  most  accurate  basis  of  compttrisou  would  probably  ba 
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affordeii  by  the  relation  between  tlie  biilk  of  the  Oerebi'um  aud  the 
(iiumeter  of  the  Spinal  Cord,  lu  making  any  such  comparison,  however, 
tho  Thalami  Optici,  Corpora  Striata,  and  Corpora  Quadrigemina  should 
be  excluded  from  the  estimate,  for  reosous  now  sufficiently  ajipanmt; 
and  the  bidlc  of  the  Cerebrum  proper  should  be  alone  determined,  either 
by  weight,  or  by  the  displacement  of  liquid. — But  the  (lerebrum 
varies  in  diflewnt  classes  and  ordere  of  Vertebnita,  not  merely  in  pro- 
portional size,  but  also  in  the  relative  development  of  its  antpvior,  middle, 
and  posterior  lolH.'a.  This  is  a  [joint  of  very  great  importance,  in  deter-* 
mining  the  value  to  be  assigued  to  the  organologicaJ  system  of  Gall  and 
Spiirjiicini  and  their  followers.  The  Cerebrum  of  the  Ovijmroua  Verte- 
bnita ia  not  a  miniature  representative  of  that  of  Man,  as  a  whole,  but  only 
of  his  'i.iUfrior  lobes ;  aa  is  sufficiently  obvious  from  an  usiinii nation  of 
its  connections  with  other  parts,  and  from  the  absence  of  any  other  com- 
missural connections  between  its  two  hemispheres,  than  those  wjiich  are 
aliorded  by  the  Sensory  Ganglia.  It  is  in  the  Irajilaeental  Maiunjals, 
that  we  find  the  first  rinliiiient  of  the  mUliUe.  lobes  of  tho  Cerebrum,  and 
of  the  pro|ier  inter- cereiiral  commiHsure.  the  Coi'puB  Callosum  ;  and  even 
in  the  IWlenta  this  is  but  very  iiiipcrfectly  developed.  As  we  iisccisd  the 
Mammalian  series,  we  find  the  Cerebrum  Wcoming  more  and  more  elon- 
gated posteriorly,  by  the  development  of  the  midrlle  lobes,  and  the  iuter- 
cercbral  commi:^ure  becomes  more  com]>lcte ;  but  we  must  ascend  as 
high  as  tho  Caruivora,  before  we  find  the  least  vestige  of  the  posterior 
lobea;  and  the  rudiment  which  these  possess,  and  which  is  enlarged  in 
the  Qiiaflimmana,  only  attains  its  full  development  in  Man,  in  whom 
alone  the  po.sterior  lolies  extend  so  far  backwards  aa  completely  to  cover- 
in  the  Cerebellum.* — Tho  attention  which  has  yet  been  given  to  this 
department  of  inquiry,  has  not  hitherto  done  more  than  confirm  the 
siotement  alrtady  made,  with  regard  to  tlie  general  corriispondence 
between  the  deve!o|imi.'nt  of  the  Cerebrum  and  the  maniti'stationa  of  In- 
telligence; very  decided  evidence  of  which  is  furnished  by  the  great  en- 
largement of  the  Cerebrum,  and  the  con-esponding  alteration  in  the  form 
of  the  CraiiiuDi,  which  present  themselves  in  those  races  of  Dogs  most 
distinguish e<I  for  their  educability,  when  compared  with  those  whose  con- 
dition approximates  most  closely  to  what  was  probably  their  original 
stttte  of  wilduesa. 

374.  This  genend  inference  dniwn  trom  Comparative  Anatomy,  ta 
bome-out  by  observation  of  the  Human  species.  When  tho  Cerebrum 
is  fiilly  developed,  it  offers  innumerable  diversities  of  form  aud  size 
among  vaiioua  individuals ;  and  there  are  as  many  diversities  of  character. 

"  It  has  been  ftiattrtwl  by  the  followers  of  liall,  thil  tlia  dfvelopmenl  of  tlie  Crrelimm 
fram  Iclilail  rom.iJ-jB,  M  iibuve  deaeribeil,  ia  nthec  ap|utrriit  th.-ui  rtal ;  the  whole  aipm 
bsing  in  fut  piuiUed  Isckwanls  bf  the  exeewiivB  dBTelopioHiit  of  the  nnlerior  lobe.  liat 
ihe  iuialoi[ii<^  ilintinctioD  betweun  tbe  aclflrior  and  middle  lobea  ih  RulScieutly  obHonfl 
uterBol);:  utd  Chat  of  the  tuiildle  uuil  j.i«iiteriur  lubes  in  aim  l'IiultI;  luatkeii-uut  hy  tbe 
dctelopment  of  tho  p'-HttHor'  cornuA  of  the  Intend  veQtricles,  anil  the  uitDAtloD  of  the 
hJiipo4*.uuipil-<t  roajor.  Hauco  the  f:kct«  above  atBt«fl  do  not  admit  of  any  Huoh  interpreta- 
tiun  :  and  Ihej  are  fully  bome-oDt  by  the  history  of  the  Kmbryonic  developrijent  of  the 
Cerehniro  in  Mau.  wliii'h  jirecisoly  follova  the  aboie  pbin. — It  in  not  here  dented  thnl  the 
gtDt«riur  lube  uf  t)>e  lluuiitn  ('ercbrom  it  rtmarknble  fur  ita  gieat  eitenirioD  fnneardi: 
but  fltill,  tbe  diflVr-euce  botvecn  thu  Curebrum  of  Mrin  Aid  that  uf  the  lower  MamtoAlia 
cnnnjif  mueb  rather  in  the  pr\>purtjunal  development  of  the  poHlerior  lobea,  than  in  tliat 
artheanteriM. 
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It  may  lio  donbtotl  if  two  mdividutLla  were  ever  exactly  alike  in  tliia 
res[)(-ct.  That  a  Cerobruni  whii'h  is  j^uitly  umltT  tlu"  avi^rage  size,  is 
iuaH>ab]o  of  porforniiiig  its  ]in)iier  fiinutiona.  and  that  the  possessor  of  it 
i]iu»t  uuut»»iii'i]y  liu  more  ur  Ighh  itUotio.  thoiv  can  bo  uo  rcosouable 
doubt.  Ou  tbc  otbBr  baud,  tbut  a  lai-ge  well-developed  C'erebnim  is 
found  to  esiat  in  persona,  who  bave  made  themselves  eoiispicuoua  in  the 
world  in  virtue  of  tbeir  intellectual  acbievemeiits.  may  lie  stated  as  a 
proposition  of  eipud  genernlity.  In  tht-ao  o[i]>osite  cases,  we  witness 
moat  distinctly  the  antagonisni  butwcfu  the  lustinctivc  and  Voluntury 
powers.  Those  nnfortiiniite  l)eiugB  in  whom  the  Cerebrum  is  but  little 
developed,  ai-e  guided  almost  solely  by  their  instinctive  tendencies, 
which  frequently  manifent  themselves  witli  a  degree  of  Htreogtli  thnt 
would  not  have  boon  aujiposeil  to  exist ;  and  occasionally  new  iiistiiicta 
present  themselves,  of  which  the  Human  being  is  ordinarily  regarded  ns 
destitute*  On  the  other  hand,  those  who  have  obtiiined  most  iiiHueuiM 
over  the  iiiulerilninliiM/M  of  otliei-s,  have  always  been  large-brained  per- 
sons, of  strong  intellectual  and  volitional  powers,  whose  emotional  t*!n- 
dcucies  have  been  suboi-dinated  to  the  ruasou  and  will,  and  who  have 
devotwl  their  whole  energy  to  the  particular  objects  of  tlicir  pursuit, — 
It  is  very  different,  however,  with  those  who  are  actuated  by  what  is 
ordinarily  termed  (/<vi»u«,-  and  whose  influence  is  rather  upon  the/t^inya 
aud  i lUiiilions,  than  upon  the  understandings,  of  others.  Such  persons 
are  often  very  deficient  in  the  ])ower  of  even  comprehending  the  orili- 
Uftty  att'aira  of  life;  and  atill  more  commonly,  they  show  an  ejctreme 
want  of  judgment  ui  the  nianagenieiit  of  them,  being  under  the  im- 
mediate inlluence  of  their  ptuisions  and  emotions,  which  they  do  not 
sulficicntly  endeavour  to  control  by  their  intelligent  will.  The  life 
of  a  '  genius,'  wjiether  his  bent  be  towards  poetry,  music,  lutinting. 
or  pursTiits  of  a  more  material  character,  is  seldom  one  which  can  bt; 
held-iip  for  imitation.  In  such  persons,  Ibo  g«nertd  power  of  the  mind 
being  low,  the  Ceri-bmm  is  not  usually  fouml  of  any  great  size. — The 
nifTt.  comparative  size  of  the  Cerebrum,  however,  affords  no  aceurab' 
measuri'  of  the  amount  of  mental  power ;  for  we  not  anfrequenlly 
meet  with  men  jiossosBing  large  and  well-formed  heads,  whose  psychical 
cajNibility  is  not  greater  than  that  of  others,  the  dimensions  of  wlmae 
crania  have  the  same  general  proportion,  but  are  of  roueh  leas  nbmluta 
aize.  Large  braiuB,  with  delicieut  activit}'.  are  commonly  found  in 
persons  of  what  has  been  termed  the  pideg-nuitic  temperament,  in  whom 
the  general  jirocesses  of  life  seem  in  a  toipid  and  indolent  state  ;  whilst 
small  brains  and  great  activity,  betoken  what  are  known  a;s  the  «at)<^ti(4 
and  ii-oreinis  temperaments. 

576.  Having  now  inquired  into  the  evidence  of  the  general  ttinetioDS 
of  the  Cerohruna,  which  may  bo  derived  from  examination  iif  its  Com- 
parative develo|tment,  we  pi-oceed  to  our  other  sources  of  information, 
EK]>eriment  and  I'athologieal  phenomena,  From  neither  of  theso,  how- 
ever, is  much  positive  information  to  bo  derived. — All    the  results  of 

*  A  reinu'k&>>te  imtaaiH  of  tliia  hu  pablisbed  soine  jsub  lifiiw  ;^A  pcrfMrU}  Idiatia  I 
girl,  in  pATig,  btiiiog  VKa  aclixwl  bj  auian  miwreuit,  ww  deUveml  of  ■  ohilil  untiiniV  ', 
auisUuice*.  nad  it  wu  fuund  that  she  hsd  gmwid  the  amtntiiiiil  onni  in  two.  in  the  : 
manner  lu  'm  pnctisoci  b;  tbu  loicar  animitU.  It  is  icftrcely  to  b»  luppowil  tiut  nbe  had  I 
uif  i  Jui  uf  thn  olijfet  at  thin  iiepimitiuD. 
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expcrimentB  concur  to  estaliliMh  the  fast,  (Jiat  no  irritjition,  eitlirr  of  the 
Teaitiilar  or  of  thi-  tibroiis  sul^iKtanw.',  pro<liipes  eithrr  aen»atioii  or  motion. 
Tiiese  i-esnlta  are  l>ome-oiit  by  patliologipiil   ol>seiTationB  in  Mail ;  for  it 
Las  been  fruijiit'iitly  remarked,   wlit-n   it  Las  LciT]  uecossary  to  separate 
priitruiled  (Kfrtions  of  the  Bmiii  from  tlie  I'eniaiiirler.  that  tLis  haa  Riven- 
riao  to  no  sensation,  even  in  cases  in  wLicb  tLe  mini!  lias  been  perftetly 
clear  at  the  time,  nor  Las  any  convulsive  action  boeu  jn'oduced.   The  results 
of  partial  mutilations  are  usually,  in  the  first  iustanoc,  a  general  disturb- 
ance of  the  Cerebral  functions ;  wLich  subsequently,  liowevei',  move  oi-  leas 
quickly  subaides,  leaving  but  little  apparent  atfectiou  of  the  animal  func- 
tions, except  muscular  weakness.    The  whole  of  otif  Heiuispliere  has  been 
removed  in  this  way,  witLout  any  evident  consoquenou,  save  a  temporary 
feebleness  of  the  limbs  on  tho  opposite  Bide  of  tlie  body,  and  whiit  was 
BUpposetl  U»  be  a  delicicncy  of  aiglit  tlirougli  the  cjijKisite  pye.   Tin;  I'nnner 
was  ni>eedily  recovercil-from,  aud  the  animal  pt-rfomied  all  itB  move- 
ments  !is  well  aa   before ;  the  latter,  however,  was  permanent,  but  tlie 
pupil   remained  active.     When   tlio   upper  jiart  only  of  both  Ccrebriil 
Hemispheres   wna   removed   by   Hei-twig,  the   animal   whs  reduced,   for 
fifteen  days,  to  nearly  the  same  condition  with  the  one  from  which  they 
had  been  altogether  withdrawn;  but  afterwards,   sensibility   evidently 
returned,  and  the  mu^oular  power  did  not  appear  to  be  much  diminished. 
— The  effects  of  the  entire  removal  of  the  Cerebral   HemiB])here8  have 
been  already  stated  (§  529).     So  far  ns  any  inferences  can  be  safely 
drawn  fi'om  them,  these  fiiUy  bear  out  the  conclusion  that  the  Cerebmra 
is  the  organ  of  Intelligence;  since   the   animals   which  have  siiflered 
this  mutilation   appear  to  be  constantly  plunged   in  a   profound  sleep, 
from  which    no  irritation  ever  seema  able  to   arouse  them  into  full 
activity,  aULongh  they  give  manifestations  of  eonseiousnoss.      It  would 
be  wrciug  hence  to  info.r,  however,  as  some  have  done,  that   such  would 
be  the  UAtural  condition  of  an  animal  without  a  t.'erebruni ;  since  it   is 
obvious  that   much  of  the  disturbance  of  tlie  sensorial  yxiwers  which  is 
oticasioneti  by  this  operation,  is  fairly  attributable  to  the  laying-open 
of  the   cranial   cavity,   to  the  disturbance  of  tlie  normal  vasculur  prea- 
Bur«,  and   to  the   injury  necessarily  done  to  the  parts   which   ai'c   left, 
by  their  severance  troni  the  Cerebmra.      Hence  the  jiersistcnce  of  con- 
Bcionsnesa,  after  the  entire  i-emoval  of  the  Cerfbniui,^ — which  ]>i'oves  that 
the  Cerebrum  is  not  its  seat,  or  at  least  7io/.  Un  e^Klutire  scat,— is  a  fitr 
more  important  fact  than  the  positive  destruction  of  psychical  ])ower 
which  b  consequent  upon  the  operation.     So  far  as  they  can  be  trusted, 
however,  the  results  of  sueh  mutilations  bear-out  the  viewa  already 
pat- forth,    as   to   the    su^ieradded   and    nou -essential    character    of   the 
Cerebrum;  and  justify  us  in  applying  to  the  higher  animals  the  in- 
ferences to  which  we  shoidd  be  led  by  the  contemplation  of  those  forms 
of  the  nervous  system  in  wLiuh  no  Cerebrum  exists.      Tliere  is  nothing, 
therefore,  to   op[>ose   the  conclusion,  that  whilst  sensations  may  be  felt, 
and  Bensori-motor  actions  excited,  independently  of  the  Cerebrmu,"   the 
presence  of  this  organ  is  essential  to  the  formation  of  idea*  or  notions 
rrapeoting  the  objects  of  sense,  and  to  the  performance  of  those  psychical 

•  II  i«  worthy  of  remark,  that  M.  Plonrena,  *ho  \a  the  first  instnope  laiiiotnineil  Ihnt 
tesm^a  U  nllogtlber  ilunaujed  by  the  removal  of  the  Cerehram,  has  sabatitDtttl,  in  Ilia 
Secoiid  EdiUon  of  bi>  B^searchis,  the  word  ]Kn:g)tun  for  wnnfim;  Kpiitumtlj  impljing 
owrtlj  whU  U  ""!"'-■"■"'  aboTB. 
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openttioiia  for  wliich  ideas  funiiah  at  once  the  material  uid  ihv  lUi 
to  activity. 

576.   The  infoniiiitiou  nffi.irJeil  i>y  PntliolrtgioU  phenoium* 
fer  Irooi  K'iiig  lietinite.    JVlauy  instJHiiiv!  are  on  ivcur<i,  in  » lii  A  mXV 
diseaae  has  occiUTed  iii  mfe  Heinisphr^rp.,  so  oe  almost  entirely  t<i  < 
it,  without  either  any  obvious  injury  to  the  luentol  powers,  ite  Wiri 
ruption  of  the  influ<:nce  of  the  uiiiid  opoo  the  body.     But  tlu-rVj 
caae  on  record,  of  any  such  severe  lesiou  of  bolA  keniisphervii,  inl 
morbid   jiht^iiom^aa   wei-e  not  evidiwt  iluriDg  life.      It  is  triK 
Chronic  HydrocnphaluE,  a,  very  i-emarkuble  alt^^ratioa  ia  the  oaad 
the  Briiin  soitii'tinies  presents  itAel£  which  might  '>  priirri  haw  T 
posdd  dotruotive  to  its  [lower  of  activity ;  the  ventricles  b«aag  i 
moitaly  distended  with  lliiid,  that  the  cerebral  matter  luia  nwj) 
thin  lamina,  spread  uver  the  interior  of  the  enlarged  cranium, 
is  no  proof  that  ulxsolute  destruction  of  any  part  wiia   lliiia  i 
and  it  would  seem  tliat  the  very  gradual  nature  of  the  rhang*-,  i 
the  stnicture  time  for  aecommor luting  itself'  to  it.     This  in 
be  noticed  in  all  diseases  of  the  Eucephalon.      A  niddfii  Iceiiiii.  i 
be  ao  trilling  as  to  esoipe  ol*sei-vation,  unless  ibis  t*  very  osrvTu 
ducteil,  will  uccaston  very  severe  symptoms;  whilst  a  chronic  di> 
gradually  extend  itself,  without    any  external  mtuiife>«tatit>iv. 
usually  be  found  that  sudden  jmralysia,  of  which  the  eeat  It  in  the 
results  ft-om  some  slight  effusion  of  blood  in  the  suhotanoe  or  ia ' 
neighbourhood  of  the  Corpora  Striata;  wlulst,  if  it  follow  disorder  of  I 
standing,  a  mucli   greater  amount  of   lesion  commonly  prna^U  i 
In  either  aiae,  tlie  paralysis  occurs  iu  the  opposite  side  of  tins  Wj( 
should  expect  from  the  decussation  of  the  Pyi'amiils;  but  it  : 
either  on  the  same,  or  on   the  opi'osite   aide  of  the  fitf*. — th»  i 
which  is  not  very  apparent.     If  convidsion.i  »ecf.n»riaiiy  the  [wralj 
may  infer  that  the  Corpoi-a  Qiiadrigemina,or  the  parts  Vdow,  arei 
iu  the  injui'y;  and  iu  this  cane  it  is  usually  fouud   that  tlii>  cant 
are  on  the  paralysed  side  of  the  body, — the  effect  of  the  losiuo,  I 
the  Cei'ebrum  and  of  the  Cor[)ora  Qttadrigemina.  heinji  prupBgktau 
opposite  iiide,  by  the  deciiaaatiou  of  the  Pyraniida      Where,  as  not  I 
queutly  hiipiiens,  there  is  paralysis  of  one  side,  accomjukriyiiig  coomb 
on  the  other,  it  is  commonly  the  result  of  d  lesiou  alleirting  th«i  bi*4 
the  Brain  and  Medulla  Oblongata,  on  the  side  ou  which  the  coBmb 
take  place :  here  the  efl'ect  of  the   lesion  lias  to  rrviiui  from  lUe 
whilst  its  iiiHuenue  on  the  Medulla  Oblongata  is  shown  on  Uiei 
Many  anomaiics  pi-esent  themselves,  however,  which  arohy  doi 
of  explanation,  in  the  present  state  of  our  kuowludj;^ — The  disln 
of  the  Cerebral  functions,  occasioned   by  those  changm  in   its  ai 
which  are  comnionly   included   under  the  general   t«rm    In 
presents  a  marked  diversity  of  character,  according  to  the  pari  it  I 
Thus  it  is  well  known  that  the  Delirium  of  excitement  is  usually  A I 
torn  of  inflammation  of  the  cortical  substance,  or  of  the  mcmbniMin 
the  Henu8pherc«.     This  is  exactly  what  might  be  anticip&tiAl  frtitn  I 
foregoing  premises,  since  this  condition  is  a  iicrvcrsion  of  thi" 
mental  operations,  which  are  depeiiilent  upon  the  instrumentuliljr  1 
vesicular  matter;  and  it  is  evidently  iinp'js.^ible  for  the  Dii-mtii 
affected  with  inilammation,  without  the  nutriUoa  of  this  substi 
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urod,  snc«  it  derivcsall  ita  vesaels  ilinwtly  from  them.     On  the  otWr 

rinflMumutiuii   of  the  filiroiis  portion  of  tho  Cerobruni  is  usimllv 

^  mllier  with  a  state  of  tiTfwr,  thiin  with  eioitpuieiit;  huiI  with 

lieil  power  of  the  wriU   ovfli-  the  iiiuBclea.      It  is  stated   by  Foville, 

ID  iiinit«  eaAes  of  Inaiinity,  he  ]ia,s  uaiuillj  found  the  cortical  siih- 

bM  lut^nselj'  tvii,  liiit  without  udhi-sinn  to  the  luoDibranea;  whilst  in 

ate  raw(4,  it  is  inihmit«i|  ncid   atlhi^rtnt :   but  where  the  iuaitnjty  hiic 

R  iTinipHcntril  with  Faralyaia,  he   has  nau&lly  found  the  tnedullftrr 

[tii>n  indurMtisl  nnd  cougeBted. 

riT.  Tho  gpiifml  re-^nlt  of  atjch  inviati  gat  ions  ia.  tliiit  theCorebmin  is 
jtniiririit  of  all  thiise  /uii/cliirnl  oportitions,  which  we  incliidt^  imdcr 
rinil   U-mi  Intelifeturd,  whilst   it  also  affords,  in  ]«rt  iit  luast,  thu 
IbJ  oonilitionR  ot'  Emotiuiuil  stAtie ;  ami  that  all  thone  mustMilar 
whiah  maiilt  froni  nAnnlJiry  di-tfrmi nations,  or  which  are 
'eOBswuicnt  ujviu  fiwttioiuil  fxcitmnent.  hiiVB  tlu'ir  origin  iu  its 
rsiihutniKvi,  though  the  motor  imjiulBe  is  immediately  fiirnishL-d  \<v 
I  Onuiiiv^jiinitt  iij>p«nitiis.  mion  whieh  the  Cerebrum  [ikys  {§  550).      It 
mot  heiieofolli.iw,  however,  that  theCerebnimhassiichaiUrectrelutioo 
(ind,  th:\t  theediim-iciugnesH  is  inimediaU'ly  nnd  necK'sriftrilynflect'il 
I  tjiki!it;-p!nee  in  it.'  own  sitbstiinee ;  and,  however  atiirtlinj,'  the 
•tiou  lOiiy  at  first  sight  appear,  that  the  organ  of  the  intellectual 
una  is  not  itself  endowed  with  coiiaciou8neBa,acarefulconaidpmlLon 
ittiuiLS   of  the   Cerebrum   to  the  Sensory  Gonfrl'a  will    tend  to 
kt  there  is  no  A  prum  ahsni'dity  in  aneh  a  notion.     For  if  the 
tion  of  the  vesicular  matter  of  tho  Cei-ebrni  Horaisjilieroa  with  the 
orial  Ct'iitree.  !je  anntomienlly  the  same  as  that  which  exists  l>etween 
i  centres  and  the  Retina  or  any  other  peripheral  exjiausion  of  vesi- 
'  matter  in  an  organ  of  sense,  which  wc  have  seen  that  it  is  (§  5fiC), 
if  the  same  kind  of  change  nuiy  l>e  eicited  in  the  Sensorial  Centn-s 
impreKKion  trom  each  aoui'Ce,  which  ha*  been  shown  to  be  a  mattei' 
oon  oocwrrence  (§  54!)), — it  can  scarcely  be  deemed  unlikely  that 
orial  Centres  should  be  the  seat  of  conscionaness,  not  nieiidy  for 
[impressioRH  transmitted  to  them  by  the  nerves  of  the  external  senses, 
»Ibo  for  the  impressions  brought  to  them  by  the' "  nerves  of  the 
Hi  woses,'  as  we  iDay  designate  (after  ReO)  tho  mdiatijig  fibres  of 
lOen-bml  Hcmisjiheres  (§  5G(l).      And  there  is  on  the  other  liaiid  an 
n"  iinprobabiiitv  that  there  shoiild  be  two  seats  of  consciousness,  bo 
moved  fi-om  one  another  as  the  Sensory  Gan;^lia  and  the  vesicular 
of  the  Hemi»])hereB  (for  to  Iheir  TiieduUary  sulistance  no  such 
ilbute    can    be    assigned    ii-ith     the    least     probability)  ;     an     idea 
,  is  (juite  at  variance   with   that  very  sLiniile  and  funiiliiir  class  of 
iia,  which  consists  in  the  recoUvctiun  iif  seitxiUitynn  (5  3£H).      For 
embered   sensation   is   bo  completely  the   reproduction  of  the 
5r%itiitl,  that  we  can  hardly  suppose  the  seat  of  the  two  to  be  difl'erent; 

Kibe  act  of  recollection  is  clearly  Intellectual,  and  therefore  Cerebral ; 
wjnently,  if  we  admit  that  the  Sensory  Ganglia  are  the  seat  of  the 
inal  sensation,  we  can  scarcely  bat  admit  that  they  are  also  the  seat 
if  that  whir-h   is  reproduced   by  a  Cerebral  act, — a  view  which  is  fully 
Brined  by  the  oceuiTenee  of  automatic  niovenienta  as  conseiinences  of 
(§  .149),     But  further,  we  shall  hereafter  find  evidence  to  the 
elfecti,  iQ  mir  experience  of  the  oceosioual  evolution  of  reeults,  such 
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B9  ordinarily  proceed  fiwin  intellectual  action,  without  any  conscionanesa 
on  our  own  parts  of  the  steps  whereby  these  are  attained  (§§  fiS^-Go-l). 
578.  Without  presuming,  then,  to  affirm  positively  what  ciinuot  bo 
proved,  it  may  be  stated  as  a  probable  inference  from  the  Physiological  facta 
already  referred-to,  and  from  the  PByohological  evidence  hereafter  to  be 
adduced,  that  the  Sensory  Ganglia  constitute  the  seat  of  coosciousccss,  not 
merely  for  improaaions  on  the  Organs  of  Sense,  hut  also  for  changes  in  tbo 
cortical  substance  of  the  Cerebrum ;  bo  that,  wntil  the  latter  have  reacted 
downwards  uiKin  the  Sensoriuio,  we  have  no  cimsciousnoaa  either  of  the 
formation  of  ideas,  or  of  any  intellectual  proceaa  of  which  those  may  be 
the  flubjects. — Ideatt.  Emotioua,  Intellectual  operations,  Ac  have  of  lat«  i 
been  frequently  designated  aa  'atates  of  cousciousness;'  and  thia  psycho- 
logical description  of  them  is  in  full  harmony  with  the  phyaiological 
account  here  given  of  the  material  conditions  undur  which  they  respec- 
tively occur.      For  as  a  Sensation  is  a  state   of  consciousness  exdted  | 
through  the  instnimeutality  of  the  Sensorium,  by  a  certain  change  {f-g.)  in  i 
the  oondititiu  of  the  Retina,  it  is  not  difficult  to  uurlerstand  how  a  change  ■ 
in  the  condition  of  the  Cerebmm  may  excit«,  through  the  same  inatni-  ' 
mentality,  that  state  of  cousciousnesa  which  may  be  termed  Ideational,* 
or  that  another  change  may  produce  the  EmotiouiJ  coujiciousnesa,  another 
the  Intuitional  consciouHiicga,  another  the  Logical  consciouKn^s.     And^ 
although  it  may  be  thought  at  lirat  sight  to  be  a  departure  from  the  aim* 
plicity  of  Nature,  to  suppose  that  the  Cerebrum  should  require  another 
organ  to  give  us  a  consciousness  of  its  operations,  yet  we  ha^'e  the  know- 
ledge that  the  Eye  does  not  give  us  viaual  consciousness,  nor  the  Earl 
auditory  coasciouaness,  unless  they  be  connected  with  the  Sensory  CJan- 
glia;  and  in  the  end(theAnthor  feels  a  strong  assurance)  it  will  be  found 
much  simpler  to  accept  the  doctrine  of  a  common  centre  for  ierunitional 
and  for  what  may  bo    distil i^ishe<l  na  nietUal    coiisciouaness,  than  to 
regard  the  two  centres  as  distinct. t — Wo  ahall  now  proceed  with  a  brief 
analysis  of  the  Ment.il  phenomena,  of  which  the  Sensory  Ganglia  and  the 
Cerebrum  afford  tlio  material  instruments ;  looking  at  these.  how«vor, 
rather  from  their  p/tyaiological  than  from  their  psychologiaU  aide. 

6.    0/the  Mind,  andiU  OpuraCionn. 

579.  Correlation  of  Physiological  and  Psychical  Action. — It  is  wuA 
versally  admitted  that,  notwitltstandiug  all  the  diversities  of  Human] 
character  and  Mental  action,  there  are  certain  fiiudamental  unijormitia^ 
which  may  he  traced  throughout  the  whole  of  this  series;  and  it  is  on  ' 

*  The  Anthor  rentnres  to  ase  tliia  term,  th«  niMDing  of  which  rojaira  no  ciplaiutiun, 
on  the  mthority  of  Mr.  Jnniea  Mill,  who  remiirks,  —  "  As  we  «ar  Sensitton,  wo  might  •!» 
ra;  lileatiiid  ;  it  wuuld  he  a  Tory  aeeful  wunl ;  and  there  ia  bq  ohjection  to  it.  eiccpt  tlit 
pRlnntii^  habit  of  dtviyiag  u  Dfw  [xna.  Beamtiun  is  tha  geaerst  dudc  Fir  ouc  put  of 
our  oontititutioD  [or  rftth*?r,  for  one  ■tBt«  of  our  oauiicioasneHB],  lJ<.'?itit>n  fur  uiDtber-* 
("  iiuily»ie  uf  the  Hnm»n  Mind,"  va\.  i.  p.  42.)— If  the  tan  of  the  suhblantiTo  Idcalja 
be  idmirtoili  there  can  be  no  nui«0Dttble  ohjection  lo  the  adJMtive  ideational. 

■(■  [t  mij  serru  t<i  tpye  HdditioDal  confidence  in  the  liewa  nboTe  pruponndod,  if  lk« 
Author  man tif)n3  thut  he  wag  led  by  them  lo/ircdirt  tbepfychologiciil  phenomsmrefared- 
to  at  the  end  of  %  577.  of  which  he  wiur  not  »t  the  time  •ware  u  fnota,  bat  of  whieb  be 
ifterwiuvlii  becHsiu  SMiircd  hy  the  lUiAljiiiB  of  hia  own  consdODBnesB,  and  by  tfa«  amuninri-j 
oited  eiperlonnf  of  olhcn  ta  whom  he  fllat«d  the  ^nt^Blion. 
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the  basis  affonled  hy  these,  that  the  Science  of  Paychologj-  ia  erected,  to 
which  may  W  iijiplieil,  with  a  mere  alteration  of  fi>riii,  the  detinitioii 
elBcwhero  given  of  Physiology  (Pri.nc.  of  (.Sen.  Phys.,  p.  l),^"Thi?i 
object  of  the  scieuce  of  rsijchohgi/  ia  to  hriug  together,  in  a  systematic 
form,  the  pht^uomeun  which  iinriually  present  themselves  during  the 
e.sisleTiceoitlunkinijm.in'is;  and  to  classify  aurl  compare  these  in  sucti  n 
manner,  as  to  dediici;  from  them  those  general  I-aws  or  Princijiles  which 
express  the  conditions  of  their  occuritince,  ami  to  determine  the  cans™ 
to  which  they  are  attrihn table."  As  our  present  object,  howt'ver,  is  nut 
so  much  to  investigate  the  ojjerations  of  the  Mind  itself,  ns  to  consider 
their  relations  to  those  of  the  bodily  Organiani,  we  shaJl  here  enter  into  the 
examination  of  the  nature  and  laws  of  psychical  phenomena,  only  so  iiir 
as  may  be  requisit*'  for  the  elucidation  of  that  luutiial  action  and  reaction, 
which  is  coiitiuuftliy  taking- pi  nee  Itt'tweeu  these  two  pai-ta  of  oiu'  nature, 
the  prevalent  neglect  of  this  dcpHrtinent  of  study,  may  Ite  traced 
many  of  the  tallacies  discernible  in  the  arguments  adiiuoed  on  fsvah  side, 
in  the  oft-repeated  eimtroversies  between  the  advocates  of  the  MftlvridliM 
and  the  Spiril-iutljit  hypotheses ; — controversiea  in  themselves  almost  as 
ftbeunl  as  that  mortal  contest  which  (fable  tells  us)  was  once  carried-on 
ly  two  knightrt  reapectlng  the  iiialeiial  of  a  shield  which  they  saw  from 
'Opposite  Bides,  the  one  maintaining  it  to  be  made  of  gold,  the  otLiT  of 
silver,  and  estch  (iroving  to  he  in  the  right  as  r^arded  the  hiiU"  seen  by 
himself.  Now  the  moral  of  this  fable,  as  regards  our  [iresent  enquiiy,  ia, 
that  aa  the  entire  shield  was  rcnily  miule-up  of  u  golil-half  and  a  xijver- 
half  (oAi'c/i  jollied  each  other  midwni/,  ao  the  Mind  and  the  Brain,  not- 
withstaiiiling  those  differences  in  jtriiperties  which  place  them  in  different 
phUosophical  categories,  are  ao  intimately  blended  in  their  acliviis,  that 
more  valuable  information  ia  to  be  gained  by  seeking  for  it  at  the  points 
of  contact,  than  can  be  obtained  by  the  prosecution  of  those  older  methods 
of  resean;h,  in  which  Mind  has  been  studied  by  Meta[iliy»ician8  altogether 
without  reference  to  its  material  instrumeuta,  whilst  the  Brain  has  been 
disseet^il  by  Anatoniists  and  analyzed  by  Chemists,  as  if  they  expected 
to  mnp-out  the  course  of  Though^  or  to  weigh  or  measure  the  inU'naity 
of  Emotion." 

580.   Although  few  (if  any)  PhiloHOphera  would  be  dispoacd  t.i  i;[Uestion 
tliat  the  Cerebrum  is  the  instrument  of  our  higher  [laychical  [lowera,  the 

*  Thiv  inqnirf  Jju  bwa  Btarteil  omTe  tbaa  oace^  bat  has  not  uotiL  reotDLly  l>e«D  syh- 
EDBiioallf  proHecqtO'l.  "Tbtsrc  iri  uuii  view  of  the  coaneiition  bfltwuea  Mind  aad  Mutter,^* 
ijt  Prof.  Dugald  SleKart,  "wliipli  if  periootly  SBreoiibli!  lo  the  just  rnlea  of  |Thil(JSii|iliy, 
le  ahjecl  if  (hid  is,  (o  lucvrUuu  the  Inwi  which  rcguktp  th«tr  uiiiiiD,  without  nttviuptinii 
eipljtin  in  what  rajuiuer  Ihvy  ■'^re  uniljKl.  Lord  Bacon  wui,  1  believe,  the  firxt  whi> 
Te  >  diitiQi;t  iile*  nf  titia  kind  of  <|it-cu latino ;  uid  1  da  not  know  that  much  iirogreas 
I*  jet  bean  aimde  in  it." — Cuoaiiicrin;!  hi«  oini  province,  huwcvtr,  lo  ho  purely  UetO- 
pE^BdOK],  the  eminenl  Frof^as^ir  juMt  qnaled  gnvK  nn  Furthi^r  fiCtontion  to  the  suhjent  thus 
•dTerlBd-lo ;  sod  tbime  wbo  bn»«  niorB  recently  taken  it  np,  having  leen  Physiologist* 
*iid  Phydoians,  rather  than  prufaasi>d  Piydi^logiHtg,  Lava  been  lonked-upon  by  the  latter 
M  op|ioneDl4  rather  than  bs  slliea.  It  [a  amth  to  be  desired  tliat  a  eyatematir  nndy 
abiiuid  be  mode,  by  liiooe  wboAe  mental  training  and  habits  of  ooieatific  research  qnalily 
them  for  the  tank,  of  that  wido  antl  alnifiiil  ane]iplure<l  i^jiDUiu,  wbiL.-h  ctUDpTt^hftide  tlie 
■  hole  range,  nut  only  of  what  inny  he  tfirtncl  }tr«t<il  Phiiiinlogy,  bat  nl»i  of  Hcntid 
PtUhflirgij,  and,  in  addition,  the  CoMpnniiirc  Pascltoloffn  of  the  lower  Animaliii  and 
tbo  UUlfiry  of  Devditfnneia  of  the  Hnman  Mind,  from  the  eofliest  numifeetntioa  uf  its 
powtra. 
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iJeaa  whicli  axe  eutevtaiaed  of  the  nutnre  nf  this  instmmieiiteljtfj 
bi?en  selJnm  ciewly  or  coiisL=LeDtly  ilefineiL     Some,  who  hkvc 
excliisivelj  to  the  close  relntiouKliip  which  induhitahly  existabrt* 
poreiil  BD(1  menial  slates,  tuivo  thought  that  aU  the  ojiemtiotta  nf  Uwl 
are  but  manifoilJitioTis  or  espressicins  of  material  cluuigee  in  th*  F 
that  thus  Man  is  hut  a  lAin^iii^  tnacAine,  bis  oonduct  being 
detarniinnl  hj  his  original  c>)ustitutioD,  modified  by  Mubuniwa 
ditiona  over  which  he  bas  no  coutrol,  ajid  his  ^ncied  poww  ' 
direction  being  ult^^igether  a  delusion;  and  hence  that  nocioiut  oft 
reKpoiuibilili/  have  no  real  foundation,  Man's  chumcter  beiiifc  tor 
him,  and  not  &y  him,  and  his  mode  of  action  in  each  individa 
b(Hng  simply  the  consequence  of  the  rawtion  of  his  Ceruliruin 
impressions  wliich  aUJod  it  into  play.     On  this  creed,  what  ia  i 
tcnned  Criminulity  is  but  one  fcnu  of  Iiisnnity,  und  ought  lo  iv  I 
oa   such ;   Insanity  itself  ia  nothing  else  than  a  disi>rd<!re>d  ACtim  i 
Brftin;    and  the  highest  elevation    of   Man's    piyeluftJ   aalarr 
be  attiuned  by  duo  attention  to  all  the  conditloiij  whiah  &*a 
phtf^eal  development.* — ^Now  this  boueatly-cxprefsed  J/>>/-rruil 
trine  reeognides  certain   great  facts,  on  which  thi*  uiiprrjudii 
observant  Physiologist  can  scarcely  entertain  a  doubt,  nutwitlu 
that  their  validity  niay  be  denied  hy  those  who  have  hftd  ciinifii 
little  opportunity  of  studying  them,  or  who  have  so  nuub-  u|i 
minds  to  o.  foregone  conclusion,  aa  to  he  rcaily  to  admit  notliiu^  «k 
is  nut  in  uccorduuce  with  tt.      The  whole  scries  of  pheo'imoiin  wliirh.  i 
plainly  mai'k  the  iufluenei.'  of  the  Body  on  the  Mind,  of  pAyiio 
psychical  stateB. — the  obvious  dependence  of  the  nonnal  activicf  | 
Mind  upon  the  healthful  nutrition  of  the  Brain,  uid  iijxin  its  diM  1 
of  oxygenated   blood, — the  extraordinary   influence   of   local 
of  th«  Cerebrum  uj>on  the  normal  succession  of  TnUiIItvtiial 
as  is  espocialiy  seen  iu  the  sti-ange  disturbances  or  '  dislocation* 
memory  consequent  upon  blows  on  the  head, — the  large  ahkra  j 
certain  states  of  bodily  disorder  on  the  part  of  parents,  ur 
tending  to  induce  defective  nutrition  during  the  |>eriods  of  in 
childhood,  have  been  proved  to  posaess  in  the  induction  of  Idio 

*  For  Ihe  lateat  and  moot  thomngk-pjing  eipreBiioa  of  thU  doctrine,  m  lk> 
CD  the  Lava  uf  Mon'i  Nsture  and  DeTslopnieut,"  bjr  Uenr;  O.  Atkiiuca  ■ 
ManiDcBu.  A  few  eitnicU  nill  BQ9ic«  to  iboir  the  bnrinps  of  litis  ajitem  •( 
"  Instinct,  pit^on,  tbotrght.  kf.  sre  eSorts  of  orguiiied  aDbBtanots."  "  AU 
material  atuB(«."  "  In  material  wnJilion!  I  find  the  origin  of  all  tdjpanii,  ll 
phie*,  all  (ipiniiina,  all  virtae*.  and  'tpiritual  caaditiona  and  inSaairaL'  ia 
manner  tbat  I  Rad  Ibc  origin  of  alt  dUeaasiaDd  of  all  innnitie*  in  miAttiil 
caitB«H."  *'  1  am  what  I  am  ;  a  creatore  ornecenitj;  1  claim  Qotthtr  Cdcvil 
"  I  feel  that  I  am  at)  cumplelel;  tbe  result  of  mj  tujean,  and  impaHed  la  da 
the  needle  to  point  lo  tbe  uurlli,  or  the  puppet  to  moTe  aKordiag  «•  tiw  Mri>|  b 
"  I  (TUiniit  altir  In;  HJIl.  or  be  other  than  whit  I  am,  and  isuDot  deacrre  trUi«  f 
puniahment." — it  aeemH  to  thrf  Author,  that  everj  fljrtem  of  Phl]<aD|ihf  vUdi 
the  mwcesaioii  of  Menliil  Phcnomenfl  a«  detcmiincl  juWy  hj  the  "r-linart  lain  *f 
Uon,  and  whicti  ivj'MU  thu  ttlf-iirrtrminin-j  power  of  the  Will  (or,  whifh  ii  Ifea 
thing,  re^rde  tlie  Will  as  onl;  another  expreasioo  for  the  J>rrj>nn4franrt  *f 
Tirtnallf  leada  to  the  same  resull.  On  this  account,  he  eannul  adnut  that  Mr.  J>Ab 
'Logic  of  tbe  Mural  Sciences'  (Book  »i.  of  his  "Syateni  of  Logic") — oiularH 
he.  as  on  eipositii.m  of  tbe  method  of  investigating  that  jjan  of  our  |KiirtihMd 
which  can  be  brought  a-ithin  the  domuD  of  Law.— ia  applicable  bi  the  Homan  JIM 
vAolc. 
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Cretinism, — the  comjilete  perversion  of  all  the  montjil  powers  hii<J  mowil 
feelinga,  aiQouiitiiig  to  a,  f«niporary  inRanity,  which  is  produced  hy 
Intoxieiitiiig  agents, — these  find  niiDieroua  cthcT  phenomena  might  ho 
citeil  in  support  of  the  Matcriftliist  doetrine;  lui'I  must  be  atcoimted-for 
by  any  one  who  iiiidertnkcs  the  solution  of  this  mystery. 

581.  But  these  phenomena  are  not  to  be  looked-at,  to  the  exclusion 
of  tlie  facta  of  our  own  internal  consciousness.  In  reducing  the  Thinking 
Mbii  to  the  level  of  "a  puppet  that  moves  according  as  its  strings  are 
pulled,"  the  Materialist  Philosopher  places  himself  in  complete  uppoHition 
to  the  luidoul'ting  conviction  whith  almost  eveiy  one  feels,  who  does 
not  trouble  himself  hy  sjieculating  upon  the  matter,  that  he  really  jjos- 
aesses  n.  gelf-dfttrmining  powrr,  which  can  rise  above  all  the  promptings 
of  external  suggestion,  and  can,  to  a  eertiviii  extent,  mould  external  eir- 
cumstAnces  to  its  own  re(|uirement8,  instead  of  being  conifiletely  sub- 
jugiited  by  thein.  We  can  scarcely  desire  a  iHsttor  proof  tlmt  our  possea- 
wou  of  thin  power  is  a  reality  and  not  a  self-delusion,  thuu  that  which 
is  afforded  by  the  comparison  of  the  normal  condition  of  the  mind,  with 
that  in  which  the  dire-cting  power  of  the  Will  ia  in  abeyance.  This  Inst 
coudition  ia  seen  in  certain  states  of  Somnambulism,  both  uatund  and  ai'ti* 
licial  (55  6U3-61I5),  in  the  '  Biologized'  state  (§  C72),  and  in  some  other 
abnormal  conditions;  the  subjects  of  which  may  really  he  considered  (so 
long  as  those  conditions  are  allowed  to  last)  as  mere  thinking  automata, 
puppets  pulled  by  directing -strings ;  their  whole  course  of  thought  an<l 
Jof  action  being  determined  by  KUggoations  conveyed  fi-om  without,  and 
their  own  Will  having  no  power  to  modify  or  direct  this,  owing  to  thi; 
temporary  suspension  of  its  influence. — To  whatever  extent,  then,  we 
may  be  ready  to  admit  the  dependence  of  our  mental  o[)eratious  upon 
the  organization  and  functional  activity  of  our  Nervous  System,  we 
cannot  but  feel  that  there  is  m)mflhiiig  hfyond  and  above  all  this,  to 
which,  in  the  fully-developed  and  8clf-rfg\il*ting  mind,  that  activity  is 
subifrdiuated ;  whilst,  in  rudely  trampling  on  the  iiohlest  conceptions 
of  our  nature  as  mere  delusions,  the  Materialist  hy]>othesis  is  so 
.tliorotigiily  repugnant  to  the  almost  intuitive  convictions  which  we 
dmw  from  the  simplest  application  of  our  Intelligence  to  our  own 
Moral  Si'iise,  tliat  tliOKo  who  have  reiilly  exjierienced  thew,  are  made 
to  feel  its  ussentiid  fallacies  with  a  certiiiiity  that  renders  logical  proof 
[nite  unnecesdary. 

dS2.  Let  us  turn  now  to  the  opposite  doctrine  held  by  the  SpirUualiglt, 
in  r^ard  to  the  nature  and  source  of  meutol  phenomena;  and  consider 
thin  in  its  Physiological  relations.  To  them  the  Mind  appears  in  the 
light  of  a  separate  immalerial  existence,  mysteriously  connected,  indeed, 
with  a  bodily  instrument,  but  not  dependent  u[ion  tliis  in  any  other  way 
for  the  conditions  of  its  ojieratiou,  than  as  deriving  its  knowledge  of 
eitenial  things  through  its  agency,  and  as  making  use  of  it  to  execute 
its  determinations,  so  far  as  these  relate  to  material  objects.  On  this 
hypi>thesis,  the  operations  of  the  Mind  itself,  having  no  relation  wliat^ 
ever  t<i  those  of  JIatler,  are  never  themselves  affected  by  conditions  of 
the  corporeal  organism,  whose  irregiilaritii's  or  defects  of  activity  only 
pervert  or  obscure  the  outward  mn.uifestutioiia  of  the  Mind,  just  aa  the 
light  of  the  brightis.1  lamp  may  be  dimmcil  or  distorted  by  passing 
through  a  bod  medium ;  and,  further,  an  the  Mind  is  thus  iudepeudeul 


tSSQ 


FVtKTTlOVS  OF  THE  CEREBRO-BFTNJLL  NEEVOra   BYSTHl. 


of  Ita  niflteriftl   teuoaieiit,  will  of  the  ("irciimBtainres  in  vliich  tfau  ; 
chanoe  to  be  pliuMtd.  but  is  endowed  with  u  c>rniplete   ]!■•«'?    it 
guvenuueat,  it   is   respoQsible   fur  all   its  own   actinus,  wlii' 
jiiilgeil-of  by  ccjrt&in  fixed  Btaudard&    Now  tliia  doctrine  full)  i..^_^ 
all  tlint  is  ignored  in  the  prectKllng;  but,  on  tlie  otJior  baud,  it  ig 
aU  that  It  recognizod  uuil  served  to  accoiiut-furi  aud  is  not  loi  off 
to  ioiCtA  of  niOHt  fiiniiliHr  experience.     For  in  placing  the  Btind 
of  the   body  (so  to  speak),  and  in  denying  thut  the  iiction   of  tk  MiaJ 
itself   is   ever   disordered    by    corporeal    conditions,    it    puW  oa  at 
dilemma  of  either  rejecting  tlio  jilainu^  evidi'ncw,  i>r  of  lulmittiBj  I 
after  all,  we  know  nothing  whatever  aliout  the  Mind  itsi-lf ,  all  that ' 
(^1  know,  being  that  lower  part  of  our  uicuUil  nAtuiv  which  optnUij 
the  body,  and  is  in  its  turn  affected  through  it. — Those  who 
and  cousiateutly  carry-out  this  ductiiue,  are  ready  to  tnaititiuii  tliotl 
in  the  state  of  Intojtication  there  is  no  truly  iiieatal  jervrsidu* ;  i 
that,  in  spit«  of  appearances,  the  viind  of  the  Lunatic  (Jiviiut ; 
aurrt)  is  pui-fectly  eonnd,  its  bodily  intitnuupnt  being  iuodc  di 
But  it  cannot  lie  overlooked,  that  ill  the  ileliriouB  rayiags  t4  Ittli 
tion  or  of  Fever,  or  iu  the  conversatioii  and  uctioue  of  the  Liinkti^j 
have  precisely  the  same  evidence   ol'  nienlal  operation,  tJuit  wr  hanl 
tbo  sayings  iind  doings  of  the  same  individuids  iu  a  statu  of  ' 
ample   tistimony   to   this  effect   is  borne  by  those,  who  hn 
their  own  menial  state  during  the  access  of  these   cnuditiiitui,  biju 
have  described  the  alteration  which  takes  place  in   the   oonrw  of  f 
thoughts,  when  as  yet  neither  the  sensorial  nor  the  liiotur 
waa  in  the   least  perturbed.*      Nothing,  we  ihiiife,  can  be  more  [ 
the  unprejudiced  obsei-ver,  than   tliat  the  introduction  of  lutoi 
agents  into  the  cii-eulatiiig  aystem  really  perverts  the  actipn  uf  ibei 
disordering  the  usual  se(|ueace  of  phenomena  moat  jiurely 
and  ocoisioning  new  and  stnmgc  results  wiuch  ar« altogether  nt ' 
with   thoHti   of  its  normal   action.     And  when  once  the  reAlily  U  I 
influence  of  phyHical  conditiomt  upon  purely-mental  states  ii  fcrcol  i 
the   Phyaioiogist,  he   can  swurely  refradn  from  atlribuliog  (■>  ital 
wide  range  of  action;  and  thus  he  is  led  to  the  conviction,  that! 
true  it  may  be,  that  there  is  something  in  our  mental 
beyond  and  above  any  agency  which  can  be  attributed  to 
operations  of  the  Mind  are  in  a  great  degree  detcrmint^  (in  OMT  ] 
state  of  being)  by  the  material  conditions  with  which  they  are 
mately  associated. 

583.  The  whole  theory  and  practice  of  Bkluciitioii,  indci-d,  i»» 
the  distinct  recognition  of  external  inilueuues,  as  linviug  n  motf 
portnnt  share  Iu  the  foriuation  of  the  character;  whilst  it  i«  thr< 
of  every  enlightened  Eilucator  to  foster  the  develnpnuint,  and  to  i 
the  right  exercLve,  of  that  ]>owei'  by  which  each  individual   beonwal 
ilirector  of  his  own  conduct,  the  arbiter  of  his  owji   destiiiiea.     Il 
be  conitidered  us  a  legitimate  deduction  from  ezperieuce^  that  DUfl 
self-directing  power  has  been  acquired,  the  diantcter  u  the  ; 
original  constitution,  and  of  the  circumstanoeiB  in  whicli  tbe  ind 

•  «ep  Mijwinlly  Ihv  work  of  M,  Mrinjiiii,  "  D«  UvhTsiJi  ct  Ju  I'AlifinMiM  ! 
of  »hipli  n  tritiml  (inHlvBis  will  bs  rnnnd  in  Hie  "  Brit,  miil  fit.  Utd.  Ec«.,"  ni  : 
p.  217  -.  alwi  tliv  wtll-knnwu  "CnDfisBioiui  of  an  Gngliih  l>|iluiii.iiMi>r.'' 


COBRKLATION   OP   PHTSIOI/OOICAL  ABD  PSYCHICAL  ACTIOX 


551 


■Jias 


placed;  and  that  so  long  as  the  circumi^taacea  ore  uniavuurable  to  the 

Telc^ment  of  tho  self-directing  power,  and  to  the  operation  of  those 
luglit;r  tendencies  which  tihould  furnish  the  btst  motives  to  its  exerciso, 
so  long  the  charat'terof  the  individual  is  formed^r  him  and  not  In/  liiin. 
Thereid  «c//'yi'rf/(a/io?iconimeuoc3  with  his  coiiaciousneas  of  the  posaeeaion 
of  that  power  wliich  enables  him  to  determine  Ids  own  eourse  of  thought 
and  action ;  a  power  which  is  esercistd  by  the  Wiil,  in  virtue  of  its 
domination  over  what  may  be  designated  as  the  iiutonuUie  operation 
of  tho  Mind.  A  being  entiiply  governed  by  the  lower  passions  and 
instincts,  whose  higher  moral  sense  haa  been  repmsaed  from  its  earliest 
dawn  by  the  degrading  influence  of  tho  conditions  in  which  lie  is  placed, 
■who  has  never  learned  to  exercise  any  kind  of  aelf-restraint  (or,  if  lie 
learned  it,  has  only  boen  trained  to  use  it  for  the  lowest  purposes), 
■who  has  never  heard  of  a  God,  of  Immortality,  or  of  the  worth  of  his 
8oul, — such  a  being,  one  of  those  heathen  outcasts  of  whom  all  our 
great  towns  are  unhappily  but  too  productive,  can  surely  ho  no  more 
morally  rcspouaible  for  his  actions,  tlian  the  lunatic  who  has  lost  what- 
ever seif-control  he  once  possessed,  and  whose  moral  sense  has  been 
altogether  perverted  by  bodily  disorder.  But  let  the  former  be  sub- 
jected to  the  training  of  one  of  those  Iwnevolent  individuals  who  know 
how  to  find  out  "  the  holy  sjwt  in  every  child's  heart:"  lot  patient  kind- 
ness, contintiully  appealing  to  the  liighest  motives  which  the  child  can 
uudcratauJ,  prt^ressively  raise  his  moral  standard,  and  awaken  within 
him  the  dormant  susceptibilities  which  enable  him  to  feel  that  he  has  a 
conscience  and  a  duty,  that  there  is  a  Father  who  made  him,  and  who 
watches  over  his  welfare,  that  there  is  a  hereafter  of  rewards  and 
punishuiente,  that  he  has  a  power  within  himsulf  of  controlling  and 
directing  his  thought8  and  actions; — then,  and  not  till  then,  in  our 
belief,  does  he  become  truly  responsible  for  his  actions,  either  morally 
or  religiously, — then  only  does  he  rise  from  the  level  of  the  brote,  and 
b^in  to  show  tliat  he  is  indeed  made  in  the  imago  of  his  Maker. 

584.  Thus,  then,  we  see  that  the  Materialist  and  the  Spiritualist 
doctrines  alike  recognize,  and  alike  ignore,  certain  gi'eat  truths  of 
Humun  Natiu'e;  and  the  question  returns  upon  us,  whether  any  general 
expression  can  be  framed,  which  may  be  in  harmony  alike  with  the 
■■esults  of  scientific  imjuiry  into  the  facts  of  the  case,  and  with  those 
simple  teachings  of  our  own  eonaciousneas,  which  must,  after  all,  be 
reeognia.'d  ae  alTording  the  idtimate  test  of  the  truth  of  all  Psycholo- 
jcal  doctrines.      Such  an  expression  may  be  framed,  as  it  a|>pears  to  the 

uthor,  in  strict  accordance  with  true  philosophy,  by  withdrawing  our- 
selves entirely  from  tlio  futile  attempt  to  bring  Matter  and  Mind  into  the 
same  category,  and  by  fixing  our  attention  exclusively  on  the  relation 
between  Mirui  and  Finre.  Although  tar  from  thinking  that  tJie  views 
here  offered  express  the  whole  truth,  or  solve  tiU  tho  difficulties  of  the 
sabject,  he  considers  that  they  express  so  much  jnore  than  any  scheme 
he  has  ever  heard-of,  that  ho  ventures  to  re'|Uest  for  them  a  thoughtful 
consideration  on  the  part  of  those  who  feel,  with  him,  the  importance 
of  attaining  some  definite  conceptions  on  this  head. — In  tho  first  place  it 
may  Ije  remarked,  that  the  whole  tendency  of  Philoaopliicul  Investiga- 
tion at  tlie  present  day,  is  to  show  the  utter  futility  of  all  tho  contro- 
versies wliich  have  been  carried-ou  with  regard  to  tlic  rehition  of  Afiiul 
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aiiil  Matter.  The  esaentiiil  ntttiu-e  of  tbeoe  two  entities  b  each,  tlat  i 
relation  of  iilcutity  can  exist  between  thf-m.  Matter  pooMSBa  vxtnuuM^ 
or  occupies  space;  whilst  Mind  bas  do  such  pr«j>eTtj.  On  thv  utliar 
baud,  we  are  cogniaint  of  Matter  only  through  its  oocupatioii  it  »['*», 
of  which  we  are  iiifonuetl  through  our  senaes;  we  are  co^iMut  ufiit 
existeDce  of  Hind  by  our  direct  (MUBUousness  of  feelinga  uid  idru,  nLfi 
vxe  to  ua  the  most  ceii^  of  all  realitice.  But,  what  is  p>-rh«{ia  ■  I 
important  distinction,  the  existence  of  Matt«r  ia  essentially  piutir*; 
to  itself  it  always  impresses  our  ciiDBi^ioiisuess  in  one  Mid  Utal 
niode^  and  uny  change  in  its  condition  is  the  conseqaeDcv  of  «> 
agency.  Wliat  have  beou  termed  the  actiTe  stat«a  of  toattor,  atv  i 
the  mnnifesULtions  of/urees,  of  which  we  can  conceiTe  as  httving  u  i 
eucc  iudojiendent  of  matter,  and  as  liaring  no  other  reUtion  to  itj 
that  which  consists  in  their  capability  of  changing  its  statn. 
Water  continues  unchanged  so  long  as  its  temperature 
some;  but  the  dynamical  agency  of  Heat  occasions  that  mutwd 
aiou  between  itd  particles,  which  transforms  it  trum  b  aao-t 
liquid  into  an  elastic  vapour;  and  all  this  heat  ia  giTen-fiirlli 
again,  when  the  aqu<K>UB  vapour  is  tninHfurmed  back  to  the  liifuid  I 
Oil  the  other  hnnil,  the  existence  of  Mind  is  eaaantially  aetier: 
states  are  states  ut  change,  and  we  know  nothing  whatever  of  it  i 
its  obaugea.  Sensation,  Pei-ccptiou,  Idea,  Emotion,  Beasouing 
ic.,  ia  fact  every  term  which  esprcssea  a  Mental  atnt«,  is  a  i 
of  a  phase  of  mental  exiBtence  that  intervenes  between  otlicr 
in  the  cinithiv/il  Buccation  of  which  our  idea  of  Mind  oonsiatK, 

5H.1  But  wliilat  between  Mtitt^rand  Alinditis  utterly  vain  tu  all 
to  establish  a  rebitiou  of  identity  or  aualogy,  a  very  close  rcktiuBj 
l>e  aboWTi  to  exist  between  Mind  and  Forc^     For,  in  the  first  pUoe,  I 
like  Mind,  can  be  conceived-of  only  as  in  a  atate  of  activity; 
idea  of  it  essentially  eonsbte  in  the  aucoession  of  dilferent  statA,! 
which  its  mauifeatationa  present  themselves  to  our  coDciousn<9M 
secondly,  our  ci:>nsciousncBS  of  Force  ia  really  as  direct,  aa  is  thatof  out 
mental  stat^tt;*  our  notion  of  it  being  based  npon  onr  tiiti?ni^| 
of  the  ejxrtiaa  which  we  determinately  moke  to  develope  on# 
Force,  which  may  be  taken  as  the  type  of  all  the  rest, — that,  namely,i 
produce-s  or  which  resists  motion.     When  we  attempt  to  lift  a  «u 
to  turn  a  windlass,  or  to  atop  a  horse  that  is  ranning-awny,  we  an-  < 
conscious  of  a  mental  exertion,  ua  the  immediate  and  invarinhlc  i 
dent  of  the  development  of  motor  power  through  the  contiwiiiia  iif ' 
muscles;  and  the  connection  of  the  two  \f  further  established  l?t^l 
'  sense  of  effort'  which  we  intvdtively  refer  to  the  muscles  then*!"* 
arising  aa  it  docs  from  their  own  coriditiou  (§  SW)  ;  uid  thns  w«  anVJ 
to  feel  tliat,  in  this  particular  case,  Force  must  be  regarded  as  the  iir^ 
expression  or  manifestation  of  that  Mental  state  which  we  call  Wi!' 
The  analogy  becomes  stronger,  when  we  trace  it  into  the  relaiiuna  ' ' 
these  two  agencies  rea|>eotively  beid'  to  Matter.      Fur  in  theplutut'ii: 
of  Voluntary  movement,  we  can  scarcely  avoid  seeing  that  J^liiid 
of  the  dynamical  aj;encies  which  is  capable  of  actius-cin  Matti-r;  tttA  '■'■ 
like  other  such  agenuiea,  the  mode  of  its  uianifestiil.ion  is  nffuclnl  Ij;  ' 

•  This  wo*  lonj;  aino!  hitile.l-(it  bj  Leslie,  in  the  Clwpler  'O/  Power'  In  bk  "SW* 
Iks  iluouui  rndervtwiiliug,"  Book  II.  (>'hap.  xxi. 
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I  of  the  iniit«riftl  subxtratum  tLroiigh  which  its  influenoe  is  exerted. 

tlin  Plijsioloj,'ist  knows  fiiU  well,  that  the  iminediate  operation  of 
the  Will  is  not  upon  the  Muaole  but  upni  the  Brain,  wherein  it  exeites 
that  active  state  of  Nervous  inattflr,  which  he  deaiguat^s  na  the  operation 
of  Nerve-ft)rei3 ;  and  that  the  proptigation  of  tliis  force  aloug  the  Nei've- 
trunks  is  the  determiuiug  cause  of  the  MuaciiltLr  contractioD,  which  is 
the  itumediato  aource  of  the  motor  power.  He  knows,  too,  that  this 
(lyunniical  metamorphoais  ia  eflected  (like  evei-y  other  analogous  change) 
by  the  intermedintiitn  of  a  |ieculiar  material  sulmlratun,  which  itaelf  un- 
dergoes ft  change  of  condition  ;  the  components  both  of  the  Nervous  and 
Muscular  substances  ceasiDg  to  exist  under  their  previous  forms,  und 
entering  into  now  combinations. — Thus,  then,  we  have  evidence,  in  what 
we  know  of  the  physiolog^eal  conditions  under  which  Mind  produces 
Mutioa,  that  certain  fornis  of  Vital  Force  constitute  the  connecting  link 
between  the  two;  and  it  is  difticult  to  see  that  the  dynaniiciLl  agency 
wliich  we  temi  Will  is  more  removed  from  Xerve-force,  on  the  one  hand, 
Uum  Nerve-force  is  removed  from  Motor  force  on  the  other.  Each,  in 
giving  origin  to  the  next,  is  itself  eipeuded,  or  ceases  to  usLst  aamich; 
Bud  each  beai«,  in  its  otvu  intensity,  a  precise  relation  to  that  of  its  au- 
tticedent  and  ils  consequent. 

5Sfi.  But  we  have  not  only  evidence  of  the  excitement  of  Nerve- 
foi-ce  by  Mental  agency ;  the  converse  is  cfiually  true,  Mental  activity 
Wng  exeiti'd  by  Nerve-force.  For  this  is  the  case  in  every  act  in  which 
our  Consciouaneas  is  exciteil  through  the  instrumentality  of  the  Seiiso- 
rium,  whether  ita  condition  be  affected  by  imprBssious  made  upon  Organs 
of  yense,  or  by  clmngea  in  the  state  of  the  Cerebrum  itself;  a  certain 
active  conilition  of  the  nervous  matter  of  the  Seusorium,  being  (we  have 
every  reason  to  believe)  the  immediate  auteccdent  of  aU  coneciousnesa, 
whether  sensational  or  ideational  And  thus  we  are  led  to  perceive, 
that,  lut  the  power  of  the  Will  can  develope  Nervous  activity,  and  aa 
Nerve-force  can  develope  Mental  activity,  there  must  be  a  CoTrelalimi, 
lietween  these  tw-o  modes  of  dynamical  agency,  which  is  not  leas  intimate 
and  complete  than  that  which  exists  between  Nerve-force  on  the  one 
hand  and  Electricity  or  Heat  on  the  ntlicr.     (Pkinc,  ok  Gkn.  Phvs.) 

587.  Tliis  idea  i.if  Correlation  of  Forces  will  be  found  cunipletely  to 
harmonize  with  thinte  phenomena  already  referred- to. which unm is lidteiibly 
indicate  the  influence  of  physical  conditions  in  the  detennination  of 
mental  stateis  {§  560) ;  whilst,  on  the  other  hand,  it  exjilains  that  relation 
lietwecii  Ejuotional  excitement  anil  bodily  change,  which  is  manifested 
in  the  subsidence  of  the  former,  when  it  has  expended  itself  in  the  pro- 
duction of  the  latter  (§  024).  And  further,  it  will  Im!  foiuid  no  leas  a|i- 
pUcable  to  the  ex]>lauatiou  of  all  that  au^/iuitic  action  of  the  Mind,  which 
consists  in  the  succession  of  ideas,  according  to  certain  '  laws  of  thought,' 
without  the  exercise  of  any  control  or  direction  on  the  part  of  the  indi- 
vidual to  whose  consciousness  they  present  themselves,  and  which 
oianifestA  it«elf  in  the  action  of  those  ideas  upon  the  oentres  of  move- 
ment. For  this  succession  must  be  regained  as  the  exponent  of  a  series 
of  cluuiges  taking  place  in  the  Cerebrum  itself,  in  reapondence  to  impi'es- 
nons  made  upon  it ;  wlijist  the  movements  which  prociicd  from  thete  must 
be  eowitiilered  as  being  no  kia  the  results  of  its  '  reflex"  or  'ideo-mutor' 
upemttou,  tiuiu  are  the  '  conseusuul'  of  the  reflex  action  of  the  Sensory 
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Guigliu,  and  tlie  '  excito-motur'  uf  tliut  of  the  Spitud  UoriL*     For  i 
Physiologicul  purlMjaes,  tbi'n,  we  maj  cunsider  Uie  nervous  uwtM'ad 
Cerebmm  as  the  WM/srio^  *Ki»(/'u(((iii  through  which  the  iiii.'t 
of  Nervft-force  into  Miiid-foi'ce,  aud  of  Mind-foroc  into  Ncrvi.'-lvci^  i 
efTucted ;  and  aa  eveiy  such  metunioriihosis  involves,  like  other  i 
tranafonuatioiu,  »  cliunge  in  the  stute  of  the  matter  through  wL 
effected,  so  should  we  expect  thiit  Mental  activity  would  iovt^vol 
iutegratiou  of  the  Nervous  Buhstasce  which  thus  uiinist«ra  t»  ii 
euch  appears,  from  a  I'ariety  of  evidence,  lo  be  really  tba 
FniNC.  OF  Gen.  Phvs.) 

588.  It  is  obvious  that  the  view  here  taken  does  uot  in  the  I 
tale  uo;tunst  the  idea,  that  Mind  may  have  an  existence  ftltogvUMFJ 
pejideut  uf  tile  Material  bcdy  through  which  it  thus  muiifaii  [ 
All  which  has  been  contended  for  b,  that  the  ooDnootion 
Mind  and  Body  b  such,  that  ench  has,  in  virtue  of  ite  ounstitotiaa,) 
tcrmiuato  relation  to  the  other,  in  this  prusent  statu  of  «xuitancu  {4 
bull  of  which  IScieuce  cim  legitimately  take  cognizauce);  and 
actions  of  oar  IVliuds,  in  so  far  a»  tlifi  ar(.  rarrieU-on  inHmitt  oajr  i 
/errenee/rom  orir  Wiil,  may  be  considered  (in  the  limited  hoiuf 
expliuned,  §  4S  twU)  as  '  functions  of  the  Cerchrum.' — On  tb«  uliivt 
ill  the  control  and  direction  which  the  Will  has  the  power  of  i 
over  the  courae  of  the  thongbts,  we  have  the  evideniM  of  «  tie*  i 
independent  power,  which  is  entirely  opposed  in  it«  very  nature  toi 
automatic  tendencies,  und  which,  according  as  it  is  habitunlly  < 
tends  to  render  the  individual  a  free  agent.     And,  truly,  in  the  < 
of  tliis  Power,  which  is  capable  of  domiimting  over  the  very 
those  operations  that  we  know'-of  aa  counectcd  with  corporeal 
find  a  better  evidence  than  we  gain  &om  the  study  of  any  other 
our  psychiuil  mttiire,  tliat  tfiere  is  im  entity  wherein  Stan's  nobiUtyi 
tially  consists,  which  does  not  dej)eud  for  ita  existence  on  any 
physical  or  i-itid  forces,  but  which  makes  these  subservient  to  ilsd* 
nations.  It  is,  in  fact,  the  vii'tue  of  the  Will,  that  we  at«  not  men  I 
ing  automata,  mei-u  pup]>ets  to  be  ]>ulled  by  suggest  iug-striitga.  csptUl'l 
being  phiycd-ujxm  by  every  one  who  ahull  have  made   hiiniwlf  i 
our  springs  of  action.     It  m.iy  be  freely  admitted  that  such 
oi:tomata  do  exist;  for  tliere  ai'e  many  individuals  whose  AVilt  hui 
been  called  into  due  exercise,  and  who  gn^uiUIy  or  almost  entirdj 
the  power  of  exerting  it,  becoming  the  mere  creatures  uf  liabit  ud) 
pidse;  and  there  are  others  in  whom  (as  we  shall  hereafter aoc) I 
states  are  of  Oticu^ion^  occurrence;  whilst  in  others,  again,  thefl 

*  The  Bpplitation  of  the  doctrine  of  '  reflex  action'  to  the  Bnuu,  wiw  Cnl  (a&j  d*idai  j 
bj  Dr.  Lajcuck  uf  York,  in  a  papur  '  On  the  Rtfiei  Puut-licni  of  ihr  tinla, '  rml  MM  | 
the  Ucilicil  S«;tli>u  of  the  Brilisb  Aisucuttiun  at  jls  Diiiotiii^  in  York.  SopL,  ISlt,  Ml  j 
ftfterwxla  publi^ed  in  the  *'  Bnt.  &nd  For  Med.  K«t.,"  vol.  lix^  —  ftot  btrial  i>^  ^ 
gniceJ  wliat  appenra  to  tht  Authur  the  esentinl  distiiicUen,  loth  in  Uidr  ■uwUsklls'  ' 
pbjBiolDgic&l  relstiims,  Wtwei^n  the  Sen!i'>ry  Onnglin  anil   the  (!«n:linil  oi  IImJi)ibiii 
Qsnglia,  Dr.  l^jcuck  did  nut  inark-not  tlie  dirtluiHjeu   b«twwn   the  '  inuori-auu' < 
'oouHeDSDal'  aetionH,  wiiich  are  the  manlfeHtAtioDa  uf  the  Tv&ux  jiomfT  ttihe  fnmtf,  w 
the  '  idto-mator'  aiOiuns  which  dejjeud  iipfio  tlip  rullei  »rti"U  of  the  iBttfC.     Bui  in  jJn* 
ing  Uint  \inri  n!  it  wfaioli  is  atrirtl}'  apptica)>Ia  U>  the  t'ureliruoi,  and  in  apiitiins  il  u  th« 
wiona  >>U>t«H  vhii-h  »i:rti>-  in  the  i^uiniaou  FhnrHct«rJ«lif^  uf  the  eiiiteiwe  of  UtBUd  A')''''!  ; 
vitboQl  Volitional  ciintruU  the  Authi>T  ouiiHlUerH  Ihnl  he  ii  toerel;  flnDf  jnatrr  ' 
neM  sod  a  wider  ijiiiliiMiliuu  lu  Dt.  LajLiB-k's  iluclrine. 


^ 
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srtificiully  iiidnci.-il.  And  it  is  by  the  stiiJy  uf  thoHe  atatos  in  which  the 
Will  is  ooin|ili;li'l)'  ill  libeyiiiice,— thi?  coiii'sc  of  thought  being  mlirrJg 
determined  by  the  inHuence  of  suggestions  upon  the  Miud,  whose  mode 
of  reuctiou  upon  tliein  dejieiids  upou  its  ori^iuaJ  jieculiuritiea  a.ud  subse- 
quently-acquired hnbita,— and  by  the  curufwrisonof  such  states  with  that 
in  which  au  iudividiuil,  in  full  possession  uf  all  his  fuculUes,  and  accus- 
tomed to  the  huhituol  control  and  direction  of  Ills  thoughts,  dctormi- 
nutely  applies  his  jud|piii-nt  to  the  fonuatiou  of  a  decision  between 
various  plans  uf  action,  involving  the  appreciation  of  opposing  motives, 
— that  we  shall  obtain  tlie  most  Batisfactoty  ideas  of  what  share  the  Will 
really  tnkus  in  the  openitious  i)f  our  minds  and  in  the  direction  of  our 
conduct,  and  uf  what  must  be  set  down  to  that  Autotnatiu  operation  of 
our  psychical  Datiire  which  is  correlated  to  Cvrebral  action.* 

oS'J.  This  view,  moreover,  apjeai's  to  the  Author  to  be  civ])alilt'  of 
legitimate  extension,  from  the  constitution  of  the  Human  mind,  and  its 
relation  to  our  bodily  organiBm,  to  the  notion  which  we  form  of  the 
relation  of  the  Mind  of  the  Deity  to  that  Univei-ae,  whose  phenomena, 
rightly  iutoqireteJ,  are  but  a  continual  revelation  of  His  ceaseless 
and  universal  jiresence.  And  it  aeeiuif  desirable  here  to  advert  to  tliis 
subject  (foreigu  though  it  may  seem  to  the  proper  object  of  tliis  Treatise), 
not  merely  for  the  sake  of  showing  that  the  doctrine  here  propounded  is 
strictly  conformable  to  the  highest  teachings  of  religion,  but  because  it 
seems  to  atlbrd  some  gui<lauce  towards  the  solution  of  difficulties  which 
have  peri)le3ed  many  deep-thinking  men,  and  which  have  especially 
t«ndcd  to  keep  Science  and  Religion  ajwirt  from  one  another,  rendering 
the  physical  phUosopher  either  an  avowed  sceptic  or  a  mere  specidativo 
religionist,  and  inspiring  the  religionist  with  s  bij^otted  horror  of  science. 
—The  conception  wiiicli  eacli  individual  forms  of  the  Divine  Nature 
{{  61l>),  depends  in  groat  degree  ujiou  liia  own  habits  of  thought;  but 
there  are  two  extreuiea,  towiirds  one  or  other  of  which  most  of  the  cur- 
rent notions  on  this  subject  may  be  ^«i  to  tend,  and  between  which 
thi-y  sv^ein  to  have  oscillaloii  in  all  periods  of  the  histiiry  of  "Monotheiaiu. 
These  are,  PaiUheigin,  ami  .1  iUhri/}>iim»rpkiiim. — Towards  the  Pauthelstio 
Mpect  of  Deity,  we  are  especially  led  by  the  philosophic  contemplation  of 
His  agency  in  exttnial  Nature;  for  in  projxirtion  as  we  fix  our  attention 
t'sclusivt'ly  u[M»n  the  'laws'  which  express  the  orderly  sequence  of  its 
pheuinueno,  and  upon  the  '  forces '  whose  agency  we  recognize  as  their 
imnicdiutv  cuuscs,  do  we  come  to  think  of  the  Divine  fk-iiig  as  the  mere 
t'irit  I'l-iTutipU  of  the  Universe,  as  an  all-comjireliensive  "  li«w '  to  which 
all  other  laws  are  subordinate,  as  that  most  geneml  '  Cause'  of  which  all 
the  physical  forces  are  but  manifestations.  This  conception  embodies  u 
great  truth,  and  a  hiudiinientaJ  error.  Its  truth  ia  the  rec<^iition  of  the 
universal  anil  all-coiitn-lling  agency  of  the  Deity,  and  of  UJa  ])reBence  kt 
("rfution  rather  than  on  the  outside  of  it.  Its  error  lies  in  the  alisencc  of 
anv  distinct  recognition  of  that  cotucious  rofilu>tuil  agency,  which  is  the 

*  Tbi>  Author  ban  Imd  tbe  nlisTsctiun  of  Gndinj;  that  Mr.  J.  D.  Monll,  «ho  hiM 
iciiuireJ  fill  himself  %  hi^h  place  unong  Britiih  Pnycb^lggistK,  bmi  i^nHiiliMrvd  his  views 
OD  Um  CannUtioD  U.'l»«:n  Mi^iiUit  and  Nurvoiu  nctioD  to  bo  worthy  uf  luloption  into 
bis  rewnilj-pohlinheJ  "  Kleim^iitj  "f  Tsyi-boiiiej ;"  iu  which  tLey  iirt  tuDBL'Cteil  witli  8 
»aij ingonioiiB  Jiwlrino  uf  Ibe  liuul,  whirrli  Mr.  M,  regnnln  (with  niouy^if  Iho  uldar  PhiKuui- 
plian)  lu  Htiiig  sufuiueitiiitiy  m  the  dcviJii|Miiv»t  unit  i-uiisurvatJuii  of  the  Body,  in  well 
u  luiuiiftiiling  it«ujr  coiurioiuli/  id  tbo  i<hciiouieiui  uf  Mioil. 
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eHSeutinl  attribut«of  Personality ;  for  withont  tlu!.  die  fuivfTMUl 
eLte  tVinn  a  greitt  self-acting  maehiae,  its  Laws  Hre  bat  Uie  «•» 
'surd   necessity,'  H,ud  dl   the   higher  teudcucies  &ii<l   a^ir«tiin*  i 
Human  Sou]  are  but  a  '  mockery,  u  delusion,  nnd  a  snM<e.' — Tb"  t 
pomorphic  coiice[>t!au   of^eity,  on  the   other  baud,  nrian  6i»d  < 
exclusive  coutflmplation.  of  our  oien  nature  us  the  tT]«  rf  tbe 
aad  although  in  tho  highest  form  in  which  it  mny  be  held,  it 
the  Deity  as  a  being  in  whom  all  the  noblest  attributes  of  Miw**  i 
essenoeare  expanded  to  infinity,  yet  it  is  practically  limited  «nil  i 
by  the  im|>ossibility  of  fully  realizing  such  on  existence  Ui  intri 
the   faiiiugB  and    imperfections   incident   to  our    Huiuan  lulim 
ttttvibuted  to  the  Divine,  in  proportion  as  the  low  stundiird  «f  it 
and  moral  development  in  each  individiml  kecj»-down  his  iilivof ) 
excellence.     Even  the  lowest  form  of  any  audi  conoe[>tioa, 
embodies  (like  the  Pantheistic)  a  great  truth,  though  luingM 
large  amount  of  error.     It  rejircseuta  tbo  Deity  us  a  Fertoti; 
pOEises«ed  of  that  lutelligeut  Volition,  vhich  we  recognixe  in  ' 
as  the  itource  of  the  power  we  det^miinately  exert,  tlirough  oar  1 
organit^m,  upon  the  world  around;  and  it  invests  Uitn  oUo  witkl 
Moral  uttribiitta,  which  j>liice    him  in  syni|.«tlictic  relation 
sentient  creatures.     But  thb  conception  b  erroneous,  in  so  &r  . 
presents  the   Divine  Nature  as  re»tr»ined  in  its  operations  \jj 
these  limltutious  which  are  iuherenl  in  the  veiy  constitutioo  ud'  I 
and  in  particular,  because  it  leads  those  who  accept  it,  to  thildt  i 
Creator  as  "  a  remote  and  retired  medmnicion,  inspecting  from  ' 
tho  engiiie  of  creatiun  to  see  how  it  performs,"  and  aa  oitlipr  1m* 
entirely  to  itacU'when  once  it  baa  Iteen  brought  into  full  activity,  I 
Dtily  interfering  at  intervals  to  change  the  mode  of  its  operatioti. 

590.  Now  the  truths  which  these  views  separately  contain,  are  ii)  | 
feet  harmony  with  each  other;  and  tho  very  act  of  biiiiginj;  then 
combination,  efi'ecta  the  eliuiualion  of  the  errors  with  which  they  ' 
previously  associated.      Tor  the  idea  of  the  universal  and  oil-conl 
agency  of  the  Deity,  and  of  His  immediate  presence  throughout  C'r 
is  not  fonud  to  be  in  the  least  degree  inconaisti^nt  with  th<:  icli«  i 
[»ereonaiity.  when  that  idea  is  detach(<d  from  the  limtUktions  wbidLl 
to  it  in  the  minds  of  those,  who  hiwe  not  expanded  thi^ir  luithrop 
conceptioD  by  the  scientific  couteuiplation  of  Nature.     Ou  the  eimtnxfl 
when  wo  have  once  arrived  at  that  conception  of  Foree  as  on  ijj 
of  Will,  which  wo  derive  from  our  own  experience  of  its  producUqn,) 
universal  and  constantly-sustaining  agency  of  the  Deity  is  rccogtiiMd  I 
every  phenomeuon  of  the  external  Universe;  and  weai'B  tbns  l«l  lof 
that  in  the  Material  Creation  itself,  we  have  the  same  distinct  ' 
of  Ujs  |>ersonal  existence  and  ceaseless  activity,  as  we  have  of  Umi  i 
of  intelligent  minrls  in  the  creations  of  artistic  Genius,  or  in  tlie  i 
contrivances  of  Mechanical  skill,  or  in  those  written  reconla  of! 
which  ai-ouso  oui'  ••wu  ]>sychical  natuiv  into  kindi-ed  activity. 

591.  0/ SentKUlojiul  Cunncioumiesii. — The  origin  of  all  Mtmtjd  aeti<il] 
lies  in  nffitctions  o/the  ContdffiuiiKiis,  proiluced  by  impre^mu  mode  ■ 
some  part  of  our  bt^dily  organism  tliut  is  MippiJed  with  afferent  nin-rHhl 
and  transmitted  through  them  to  the  Sensorium  ;  and  affections  of  tl»| 
couiiciouaness  thus  ilij-ectly  occasioned  by  impi-oaiioiia  extern*]  to  it,  anl 
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'.  fieniialions* — If  it  wuru  [wssible  for  a  Hituian  being  to  couie  into 
toi'ld,  witli  a  Braiii  perfectly  jiveiMireii  to  Ite  ihu  iiistniuieiit  of 
psychical  opemtiotiH,  but  with  all  the  iiilet^  to  scnsatiou  closed,  we  hnve 
every  reASou  to  boliove  that  the  Miud  would  remain  dormant,  like  il  seed 
buried  deep  in  the  enrtli.  The  attentive  ntiidy  of  Cftses  in  which  there 
is  congenital  deficiency  of  one  or  more  wns«tions,  makes  it  evident  that 
the  JUiud  is  utterly  incHpuble  of  forming  any  definite  ideas  in  regard  to 
thoso  properties  of  objects,  of  which  those  particular  sennations  are 
adapted  to  take  cognizance.  Thus  the  man  who  is  bom  blind  can  form 
BO  conception  of  colour;  nor  the  congenital) ynloaf.  of  muaieul  touea. 
And  in  those,  lanK'ntahle  cases,  in  which  the  sense  of  Touch  ia  the  only 
one  through  whieh  ideas  can  be  ealled-forth,  the  mental  operations 
neceasnriJy  remain  of  the  stiupleat  and  most  limited  character,  uuie.ss  the 
utmnat  attention  be  given  by  a  judicious  instructor,  to  the  ilevii!o|imont 
of  the  intellectual  faculties,  and  the  cultivntiou  of  the  moi'al  feelings, 
tlirough  that  rcatiicted  ciaas  of  ideas  which  thei-e  m  a  possiliility  of 
csciting.-t— Tlie  activity  of  the  Mind,  then,  is  just  as  much  the  i-esult  of 
its  conseiouaneaa  of  external  impressions,  by  which  its  faculties  are  called 
into  play,  an  tliu  Life  of  the  body  ia  dependent  upon  the  appropriation 
of  Dutncnt  materials,  and  the  constant  influence  of  external  forces.  But 
there  is  this  difierence  between  the  two  cases,~-that  whilut  the  Body 
continually  requires  Tieiv  iimterialB  and  a  continued  action  of  extei'nal 
agencies,  the  Mind,  when  it  has  been  ouce  cnUed  into  activity,  and  has 
become  stored  with  ideas,  may  remain  active,  and  may  develojM!  new 
relations  and  combirnitions  amongst  these,  afler  the  complete  closni'c  of 
the  sensorial  inlets  by  which  new  ideas  can  be  excited  nb  exierito.  Such, 
in  fact,  19  what  Ls  continually  going-on  in  the  state  of  Dreaming ;  but 
examples  yet  more  remarkable  are  ftirnished  in  the  vivid  conceptions 
which  may  be  formed  of  a  landscape  or  a  picture,  from  oral  description, 
by  those  who  liave  once  enjoyed  sight ;  or  in  the  comjioMition  of  music, 
evKn  such  as  involves  new  combinations  of  soundst,  by  those  who  have 
become  deaf,  iLs  in  the  well-known  case  of  Beethoven.  Themiiul  thus  feeds, 
aa  it  were,  upon  tlie  store  of  idout  which  it  has  laid-up  during  the 
activity  of  its  sensory  organs ;  and  not  only  are  those  inipi-easions  which 
it  wtMCWiiali/  retains,  woiked-up  into  a  never-ending  variety  of  combina- 
tions Mid  auccessious  of  ideas,  thus  continuing  to  afford  new  sources  of 
mental  activity  even  to  the  very  end  of  life;  but  those  impressions  of 
which  the  mind,  though  once  eonsclous  of  them,  seems  even  to  itself  to 
have  entirely  lost  tlie  traces,  may  recur  spontaneously  and  influence  Its 
trains  of  thought,  at  periods  long  subsiMiuent  to  their  reception.  Hence 
we  seem  justified  in  aftimiing  that  some  change  must  be  elTected  in  tlie 
condition  of  the  Nervous  Centres,  by  every  impression  of  which  we  become 
oousciona,  whereby  that  impression  is  organically  pci-petuated,  in  sucli  a 
manner  as  to  allow  of  its  presenting  itself  anew  to  the  cognizance  of  the 
akind  at  any  future  time  when   it  may  be  excited  &om  a  [lasaive  to  on 

f  *  Some  FhjnolagtslH,  it  it  true,  fasTe  apokeii  of  n  itnialiim  aithiml  nmteioiMnew .-  but 
it  mms  Tcrj  <leidrHbli±,  for  tlie  sukc  of  eleameaa  anil  accufAi:;,  to  limit  the  iiiiplk'ntii>a 
of  the  word  to  tliemfr^o/  cIiaq):^,  tBjieci&lJj  fince  the  term  *  imprUHaion^  Hemw  t<r  ilcQ<ignat« 
ibM  ehjiDge  ia  th«  eWe  of  tfie  N'vrviruK  ajatcm,  whii^h  m  ite  imioeiliikt^  uit^uedcDL 

t  Of  the  ellent  lu  which    tbi?   ma;i  he  ivam\i\ia\ied,  the  well-kmiwn  rose  of  Lsiir» 
Bridgraoui  affotil*  ■  moit  remuksble  exeniplification. 
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acUw  couiliticin.     Bxaiaples  of  this  kind  &n>  oocmtinnnlly  fnri 

the  delirium  of  fever  or   (jhrenitia;   fftr   aHlioilgli  it  tf>ri>t '• 

that  iffois  are  thus  recalled,  iu  the  first  iiistanco.  rather  ■ 
yet  there  are  some  very  strikiDg  cases,  in  which  the  wrtiM 
of  such  u  kind  that  no  definite  idea  could  well  have  been  -.• 
by  the  iudividti&L      A  very  extraordinary  atec  of  Uib   i:jiit|  m 
recorded,*  iii  which  a  womitn,  dnriilg  the  delirioni   nf  fc»vr,  i 
rqieaU^   aentences  io   lan^mgL's   luiknown  to  those  aroutul   har,l 
wei-e   fouml  to  be  Latin.  Greek,  and    Hebrew,  chiefly  of  tJw 
dialect.     Of  these  slie  stated  ht-rsi-lt  ou  her  recovery,   to  In'  ]m 
ignoi-ant ;  but  on  tracing  her  foriuir  history,  it  was  oiwvrtwtinl  i 
early  life  she  had  lived  .is  scrvuat  with  a  clergyman,  wlio 
ftcuiutonied  to  walk  sp  and  down  liia  jiasauf^  repcatiiix  or  reMB^[  I 
•entencea  in  tiiese languages,  which  sheuiuKt  have  r>'t;uuryl  in  hiiri 
unconscioii9.1y  to  herself.  ^ — -Of  the  iwture  of  the  cliiuige  by  whii'h  urn 
imjiressiuns  ai-c  thuii  registered,  it  seenw  in  vain  to  spet-iilat)' ;  thtni 
be  little  question,  however,  that  it  is  in  some  way  depetidriit  ap 
UDtrition  of  the  Euccphalon,  since  we  see  that  altf-mtione  in  tholf 
have  a  markeil  etfeot  upon  the  Memory.     Thus,  io  the  cjwe  jiM  i 
can  scarcely  doubt  that  some  altei^tiou   either  ill   thu  cimilalina  ( 
blood,  or  in  the  quality  nf  the  fluid,  was  the  cause  of  chaiiffM,  i 
operating   in   the  substance  of  the   Sonsorium,  reprodacnd   tkl* 
»]naationa ;  just  aa  a  disturWnce  of  the  circulation  in  the  n-tina  < 
the  Ht^naiitioD  of  flushes  of  light  or  other  viswd  phiritonieiia  ()  J9T 

5;)2.  The  acuteness   with   which    particular    Senwl  ii.n*    an-   fiJ 
influenced  in  a  remarkahlo  degree  by  the  Attenl'iun  thoy  receiri-  fmoil 
mind.     If  the  mind  he  entirely  inactive,  as  in  profound  sleep,  no  , 
tion  whatever  is  produceil  by  onlinary  imprcasions;  and  the  luiiiwl 
case  when  the  attention  is  so  completely  concentrated  upon  sonxil 
of  thought  or  contemplation,  that  impressions  altogether  UDivin 
with  it  fail  to  make  any  iitipression  on  the  seiisatioual  criiu^iuuia 
On  the  other  hand,  when  the  attention  is  from  any  cause  stronglv  i)[F 
towards  them,  impressiDns  that  are  very  feeble  in  themaelveii  r-n<'lim  < 
fiationa  of  even  painful  acuteness;  thus  eveiy  one  knows  bow  murh  a  i 
itching  of  some  part  of  the  xur&oe  may  be  magnified  by  the  dirrditA  i 
the  thoughts  to  it,  whilst,  as  soon  a.s  they  are  forced  by  aoimr 
impression  into  another  channel,  the  irritation  is  no  longer  felt;  m,l 
it  must  be  within  the  exjierience  of  most  persons,  how  %"iTi<l]y( 
perceived  when  they  break-in  u[>on  the  etillneas  of  the  night, 
creased  in  strength,  not  only  by  the  contrast,  hot  byalmorbinglhe' 
attention.      An  interesting  eKperimont  is  mentioueii   by  MiilW, ' 
shows  how  completely  titc  mind  may  be  nnconscionn  of  impntttooW  i 
miinicateil  to  it  by  one  organ  of  sense,  whnu  owufiied,  even  witfaitjl 
distinct  cHort  of  the  will,  by  those  receiveil  tlii'ou^h  another.      If  i 
at  a  sheet  of  white  pajiei'  through  two  difforeutly-cohiured  gin 
same  time  (one  being  placed  before  each  eye),  the  resulting 
is  seldom  that  of  a  mixture  of  the  colours;  if  the  experiincJit  ti« 
with  blue  and  yellow  glasses,  for  e.iample,  we  do  uot  see.  the  ]>^icr  rfl 
uniform  groon;  but  the  blue  is  predominant  at  ono  moment,  anid  i' 

■  Coieridge'i  "BiugnphU  Lit«nkri>,"  Tot,  l  p.  113. 
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yellow  nt  another;  or  bluo  nebulous  spots  may  present  tliemaelTes  uu  a 
yellow  field,  or  yellow  spota  on  a  bluo  field.  We  iiercoivu  from  tliis  ex- 
peiimeut,  that  the  Attention  cuiiy  not  only  bo  djreoted  to  the  Impres- 
sions niade  on  either  retina,  to  the  complete  exclusion  of  tliose  of  the 
other,  but  it  may  be  directed  to  those  made  on  pnitioular  spota  of  either. 
This  may  be  noticed,  agiiin,  in  the  process  by  which  we  mate  ouraelves 
ncquftintid  with  a  landscape  or  a  picture ;  if  our  Attention  be  dii-eeted  to 
ilie  whole  field  of  vision  at  once,  we  see  nothing  distinctly ;  and  it  is  only 
by  abatractiiig  ourselves  from  the  eontemplation  of  the  greater  jiart  of  it, 
and  by  directing  our  attention  to  smaller  portiona  in  succeBsion,  that  we 
can  obtain  a  definite  conception  of  the  details.  The  same  is  the  case  in 
regard  to  ftuditory  impreHsiousj  and  here  the  power  of  Attention,  in 
cauidng  one  sensation  or  scries  of  sensations  to  predominate  over  others 
which  are  rwtlly  more  intense,  is  often  most  remitrkably  manifesteil. 
When  we  are  listening  to  a  piece  of  mnsic  played  by  a  large  orchestra, 
for  example,  we  may  either  attend  to  the  combined  eflect  of  all  the  in- 
strumenta,  or  we  may  single-out  any  one  part  in  the  hjirmony,  and  follow 
this  through  all  its  mazes ;  and  a,  person  with  a  practised  ear  (as  it  is  com- 
monly but  erroneously  termed,  it  being  not  the  ear  bnt  the  mind  that  is 
practised,)  can  even  distinguish  the  sound  of  the  weakest  instrument  in 
the  whole  band,  and  can  follow  its  strain  through  the  entire  perfonnance. 
This  attention  to  a  single  element  can  only  be  given,  however,  by  with- 
drawing the  mind  from  the  perception  of  the  remainder;  and  amusidau 
who  thus  listens,  will  have  very  little  idea  of  the  rest  of  the  hamionio 
port^  or  of  tie  general  effect.  In  fact,  when  the  mind  is  thus  directed, 
by  a  strong  effitrt  of  the  Will,  int<)  a  particular  channel,  it  may  be  almost 
coiuidered  as  unconscious  quoail  any  other  impressions ;  and  in  those 
coriona  states  (§§  672,  694)  in  which  it  can  be  entirely  governed  by  ox- 
temat  suggestion,  \ta  attention  may  be  so  completely  concentrated  upon 
some  other  objeeta,  that  even  the  most  painful  improssious  do  not  affect 
the  consciousness. 

693.  The  effects  of  Attention  are  manifested,  not  only  in  regard  to  the 
ations  which  are  e.xcited  by  external  impressions,  but  also  in  respect 

I  tliose  which  originate  within  the  system.  Every  one  is  aware  how 
difficult  it  is  to  keep  the  bmly  perfectly  (juieacent,*  eapeoially  when  there 
is  a  particular  motive  for  doing  so,  and  when  the  attention  is  strongly 
directed  to  the  object.  This  is  esperience<l  even  whilst  u  photogenic  like- 
ness b  being  taken,  when  the  position  is  chosen  by  the  individual,  and  a 
enpport  is  adapted  to  assist  him  in  retaining  it;  and  it  is  still  more 
strongly  felt  by  the  performers  in  the  '  tableaux  vivans,'  who  cannot  keep 
up  the  effort  for  more  than  three  or  four  minutes.  Now  it  b  well  known 
that,  when  the  attention  b  strongly  dii-ected  to  an  entiruly  different 
object  (when  we  are  list«uing,  for  example,  to  an  eloquent  sermon  or  an 
interesting  lectnre),  the  body  may  remain  perfectly  motionless  for  a  much 
longer  period;  the  uneasy  sensations,  which  would  otherwise  have  in- 
dnoed  the  individual  t<)  change  hb  position,  not  being  perceived:  but  no 
sooner  b  the  discourse  ended,  than  a  simultaneous  movement  of  the 
whole  audience  takes  place,  every  one  then  becoming  conscious  of  some 
discomfort,  which  he  seeks  to  relieve.     This  is  the  case  also  in  regard  to 

*  Of  coone  Uie  maTemeaka  of  respintion  uid  ninUng  taa  Ifift  oat  of  the  i^aeatiaii. 
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the    reapirtitory  scusation ;  for  it  may  gcnera,tty  l>^  olwrrvnl  iimi  dMl 
usual  reilcx.  inovsments  do  not  Biiffit'i*  foi'  tlie  ]H.<rt'«.'t  aeration  of  the  t 
juid  tliat  a.  more  prolnnged  inspimtion,  proniptPil  by  an  iiuewr 
takea  place  at  intervaU;  but  uniler  such  ciroumslanoes  aa  tka 
alluded -to,  this  feeliug  b  not  experienceil  until  the  utt*atioii 
engaged  by  a  more  powerful  stimulus,  and  then  it  mnnU'eeU  iMi-Jf  I 
deep  iuBpirations,  wiiich  accompnny,  iii  almost   every   indi* 
geoeral  movement  of  the  body. 

694.  It  is  a  general  rule,  with  regnid  to  nil  seiuationa,  thai  | 
inteiisity  is  much  affected  by  Sahii;  being  greatly  diniinished  by  fci 
and  continual  ropetilion.     This  is  not  the  case,  however,  vritli 
those  sensations  to  which  the  attention  is  peculiarly  directed  i  (or J 
lose  none  of  their  auuteneaa  by  frequent  repetition :  on  the  oontr 
become  much  more  readily  cognizable  by  tlio  mind  (5  738).      Wr  I 
good  example  of  both  facts,  in  the  effects  of  sounds  upon  nltiepiu;;] 
(§5  GtiG,  CST).     Tho  general  law,  theo,  poemB  to  be,  that  Scusatioa 
attejtdtd-fo,  are  blunted  by  frequent  repetition ;  and  this  may  )■ 
coanected  with  certain  other  general  fncCs,  which  lie  nmler  the  oil 
tion  of  every  one. — It  is  well  known  that  the  vividness  of  nea 
depends  rather  on  the  degree  of  ^fcmju  which  ihoy  produM'  id  thoi 
than  on  the  abaoliUe  anwuiii  of  the  impressing  force;  and  this  is  i 
with  regard  alike  to  the  special  and  to  the  ordinary  ^tn-mtiuiM 
our  sensntiouB  of  heat  and  cold  are  entirely  guTeriied   by   (lut 
condition  of  the  parts  affected  ;  as  is  shown  by  the   well-fcimwii  r.n 
ment  of  imttiug  one  hand  into  hot  water,    the  other  into  ciJ'i, 
then  tranaferrlng  both   into  tepid   water,   which  will  seem  owl  to  i 
hand,  and  warm  to  the  other.     Every  one  knows,  too,  how  much 
we  are  affected  by  a  warm  day  at  the  commencement  of  simioier.  ihtn  1 
an  equally  hot  day  later  in  the  season.     The  same  is  the  case  iu  \ 
to  tight  and  sound,  smell  and  taste.     A  person  going  out  nf  a, 
dark  room  into  one  moderately  liright,  is  for  the  tiniepaiufiilly  inif 
by  the  light,  but  soon  becomes  habituated  to  it;  wliibt  aiiother,  «li 
enters  it  from  a  room  brilliantly  illuminated,  will  conHJcler  it  dark 
gloomy.     Those  who  are  constantly  exposeil  t^i  very  loud  noisic*. 
almost  uncou.scious  of  them,  an<)  are  even  undisturbed  by  them  in  ilh 
and  tho  meiliual  student  well  knows,  that  even  the  effluvin  of  tbri 
secting-room  are  not  jierceived,  when  the  organ  of  smell  is  Iialiitnattdl 
them ;  although  an  intcrraissioit  of  sufficient  leugth   would,    in   fit' 
instance,  occasion  a  renewal  of  the  first  onpliaaiiut  fillings,  whi-u  the  i> 
dividual  is  again  subjected  to  the  impression.— Thua  there  suitiub  tvumA 
to   believe    that   sensorial    changes   of  frenuent  occurri'noe.  pruduM  . 
modification    in   the  nuti-ition  of  the  Sensoriuiu  itself,   whicli 
them,  na  it  were,  just  as  other  Nervous  Centiva  may  be  considered 
growing-to  the  mode  in  which  they  are  habitually  es:ercised({  Sl-^);  fi* 
not  only  would  the  pi-oduction  of  such  a  modification  be  quite  in 
dance  with  the  general  phenomena  of  Nutrition,*  but  we  cui 

*  We  have  a,  reiuArkslilc  oxxoipUliiAUoii  of  tluB,  in  the  tolfmia  *h!ch  tahj  be 
dniilly  «itAbliahi?il  in  tho  syrttvin  fur  vaHudb  \,ih\\:  agpD^  fspcHoUj  for  such  a*  | 
Ifirly  affect  Ihe  NervouH  Bulwtanoe,  midi  a*  Opium  or  Alcohal.  It  bmbi*  1iui»« 
explain  thii  U'lcnuici^  un  snj  other  hyiHithcsin,  tlmn  that  of  the  tilti-istiun  of  tba  ( 
of  Ihfl  tissue  bj>  re|>eal«d  ilosea,  ea  that  do  fnrthor  chuige  c*U  Iw  iJirwIiKnl  bf  tb*  i 
originid];  btkcD- 
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kthorwise  exrilain  the  progreaaive  formation  of  that  connection  between 

nenaoria]  ctianges  and  motor  actious,  which  givea  rise  to  the  '  secondarily 

butomatic'  moveiuiiuts  (§  540). — Heuoe  it  seems  reasounblf  to  attriliute 

lUiat  diminution  in  the  force  of  Seusationa  which  is  the  consequents  of 

their  hubitoal  reoarrence,  to  the  want  of  such  a  diamje  in   the  condition 

of  the  Senfioriuin  or  is  needtul  to  produce  hu  impression  on  the  conscioitH- 

neaa,  the  effects  which  they  at  first  induced  In-ing  no  longer  ex|jerieiiced 

in  the  aame  degree,  when  the  structure  of  the  |>art  has  aocouunodated 

itself  to  tliem. 

595,  Feelings  of  Pain  or  Fleoauro  are  connected  with  particular  aen- 
sations,  which  cannot  (for  the  most  part  at  least)  be  explained  upon  any 
other  principle,  than  that  of  the  necessary  association  of  these  feelings, 
by  an  original  law  of  our  nature,  witli  the  sensations  in  question.  Aa 
.■  genonil  rule,  it  may  be  stated,  that  the  cioleiil  exciUtnieiit  of  ani/ 
ation  is  disagreeable,  even  when  the  same  sensation  iu  a  luoderate 
rdi^^nie  may  be  a  source  of  ertrenie  pleasure.  Tliis  is  tlie  case  alike  with 
those  impressions,  which  are  communicated  through  the  organs  of  sight, 
^Blieuing,  flrnell,  &ud  taste,  as  with  those  that  are  received  tlu-ough  the 
^Kierves  of  common  sensation ;  and  there  can  be  no  doubt  that  tLo  fiiud 
^^ause,  or  purpose,  of  the  uasociation  of  painfiil  fecliugs  with  such  violent 
excitement,  is  to  stiinuluto  the  indiridtial  to  remove  himself  from  what 
would  be  injurious  in  its  effects  upon  the  system.  Thus,  the  fiaJn 
resulting  from  violent  pressure  on  the  cutaneous  surface,  or  from  the 
proximity  of  a  heated  body,  gives  warning  of  the  danger  of  injury,  mid 
vxcites  mental  ojierations  destined  to  remove  the  part  from  the  in- 
fluence of  the  injurious  cause :  and  this  ia  shown  by  the  fact,  that  loss 
of  sensibility  is  frequently  the  indirect  occasion  of  severe  lesions, — ^the 
indivi(iual  not  receiving  the  customary  intimation  tliat  an  injurious 
process  is  taking-place.*  Instances  have  occurred,  iu  which  violent  inflam- 
mation of  the  membrane  lining  the  air-pnssages,  has  rettulted  from  the 
effects  of  ammoiuacal  vapours  introduced  into  them  during  a  state  of 
syncope, — the  (latient  not  receiving  that  notice  of  the  irritation,  which,  in 
an  active  condition  of  his  nervous  system,  would  have  prevented  him 
from  inhaling  the  noxious  agent. 

*  The  folIoTipg  ea^e,  r»orded  in  the  '^  JouniHl  of  &  Nnturulist,"  affords  a  ronijirkablr? 
iDsUjice  of  thin  geuemi  fuet.  Ttp  porreiitness  of  the  itatement  hnving  Iwen  nillnl  in 
qnaaticm.  it  wu  full;  contirm&l  hj  Hr.  Kichniil  -Smitli,  tlie  Inte  accjor  Sur^eun  uf  the 
Bristol  InSnTmrr,  under  vboiie  care  tbe  siitTurHr  hall  bcvu.  "  A  travelling  man,  use 
wint^T^i  ereiuag,  bud  bimBelf  down  apoD  tbe  (tliitfonn  of  a  Ijme-kiln,  placing  bia  feet, 
probkbl;  dnmbed  witb  cold,  apOD  ibe  beap  of  8tun«a,  newly  pat  nn  bi  born  tbrongh  tbe 
night.  Sleep  oTercame  lilm  in  tbi>  nitusUno ;  the  tire  gmdoallj  rising  and  iurrenxioK. 
until  it  ignilaj  the  atonei  upon  which  liig  feet  were  plaosd.  LiilW  t-y  tiie  warmth,  thr^ 
man  ilept  OQ  i  the  fire  incToaaBd  antil  it  burned  one  foot  («bLi.'h  proliuhly  wuj*  ox14^ndfHi 
over  a  sent-bolel  and  jjart  of  the  1^  nbore  Ibo  ankle  entirely  off,  consiuning  that  part  bo 
effeetnally,  that  a  cinder-Uke  fniKment  wai  alone  remaining, — and  etill  tbe  wretch  slept 
on  !  and  in  tbia  atate  was  fuunil  iiy  the  kiln-man  in  tbe  morning.  loBenulile  to  nnj  poJD, 
and  ignorant  of  bia  mixfortuue.  be  atlvupted  to  rise  and  pnnnie  hia  joumeif,  liat  missinji 
biB  shoe,  requealed  to  bate  it  found ;  and  when  lie  waa  raised,  pattiag  hie  Kiimt  limb  t4i 
tlie  ground  to  (Qppart  hit  body,  tbe  citremitj  uf  liie  1ei;-i>vnu,  the  Liliio.  crumbled  iutu 
ba4i;Dienl«,  bavin;  been  calcined  into  lime.  Still  he  ciprUE.eed  uu  avnac  d(  pain,  and 
prubablj  eiperieneed  none ;  from  the  gradual  oparalion  of  tbe  fire,  ami  bis  own  liirpidity 
dnring  tbe  buura  hU  fx>t  waa  Fon&aming.  Thia  poor  drover  Eurvivcd  hia  nuBfortunes  in 
Ibe  hoapital  alnnt  a  rortoight ;  bat  the  fire  having  extended  to  other  parta  of  hia  body, 
ncovery  «a«  liopalen." 
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fi96.  The  fet'lingB  of  Poiii  or  Fleasui^  which  unaccustometl  sensatio 
excite,  art"  often  excliaujied  for  each  other,  ■wlii-ii  the  syat^in  is  fiaJrituaieJ 
tu  tlii^ni ;  this  ifl  eapeciiiliy  the  case  in  regard  to  im{ire!<sionM  commuiii- 
cated  through  the  orgima  of  Smell  and  Taste.  There  are  many  articles 
ill  coniinrin  use  among  mankind, — such  as  tobatco,  fermented  lii^uors, 
&c,,  the  use  of  which  cannot  he  said  to  proiluce  a  natural  eiijoymeiit, 
since  they  are  at  fii-st  unpleasant  to  most  (lersons;  and  yet  they  first 
becuaie  tolerable,  then  agreeahle;  and  iit  last  the  want  of  them  is  felt 
BS  a  painfiil  privation,  and  the  stimulus  must  be  nppUed  in  an  iucrcaaiug 
degree  in  order  to  jiroduce  the  usual  effect. 

597.  It  is  through  the  medium  of  Beosation,  that  we  acquire  a  know-, 
ledge  of  the  material  world  around  us,  by  the  psychical  operations  whi 
its  cliangea  excite  in  ourselvea  Tlie  various  kinds  or  modes  of  Sensatioa 
excite  in  us  various  ideas  regaiviing  the  properties  of  matter;  and  these 
properties  are  known  to  us,  only  tlirougli  the  changes  which  they 
produce  in  the  several  organs  that  constitute  the  Sensoriuin  (§  591), 
But  with  regai-d  to  nil  kinds  of  Sensation  it  is  to  ho  renieuihered,  that 
BS  the  change  of  wliich  the  Mind  i.s  iiiforme<l,  is  not  the  ohiuige  at  the 
peripheral  extremities  of  the  nerviw,  but  the  change  eommum'cated  ta 
the  Sensorium,  it  hence  rasulta,  thnt  extt^maJ  agencies  can  give  rise  to 
no  kind  of  sensation,  which  may  not  also  he  produced  by  internal  oauscs 
exciting  changes  in  the  condition  of  the  nerves  in  their  couj-se,  or  in  the 
Sensorium  itself.  This  very  freijueutly  Ikappcns  in  regard  to  the  soiisea 
of  wglit  and  hearing;  flashes  of  light  being  seen,  and  ringing  sounds  ia 
the  ears  being  lieard,  when  no  external  stimulus  has  pro<luceil  such  ijn-] 
pressions.  The  production  of  odorous  and  gustittive  sensations  &oi 
interna!  causes,  is  perhaps  less  common ;  but  the  sense  of  nanaea  ia  mo 
frequently  excited  in  this  manner,  than  by  the  direct  contact  of  * 
nauseating  substance  with  the  t^mgue  or  fauces.  The  variouM  phases 
common  seuaibility  often  originate  thus;  and  the  sense  of  tem^ierature 
is  freijuently  aii'ucted  without  any  corresiMJiiding  affection  of  the  tactile 
Btjnsationa,  a  person  being  sensible  of  heat  or  of  chilhness  in  some  jiart 
of  liit  body,  without  any  real  alteration  of  its  temperature.  The  most 
common  of  the  internal  caiises  of  these  mihjfcliw  sensations  (as  they 
have  been  termed,  in  contradistinction  to  the  iibjective.  which  result 
from  a  real  material  object),  is  congestion  or  inflammation  ;  and  it  is 
interesting  to  remark  that  this  cause,  ojierating  through  each  ucrvt^ 
produces  in  the  sensorium  the  changes  to  which  that  neri'o  usually 
ministers.  Thus,  congestion  in  the  nerves  of  common  sensation  gira 
rise  to  feelings  of  [)ain  or  uneasiness ;  but  when  occurring  in  the  retina 
or  optic  nerve,  it  produces  flnshea  of  light;  and  in  the  auditory  norre,  it 
occasions  'a  noise  in  the  ears.' — But  furtlier,  the  phenomena  of  sv^eetir* 
sensation  often  originate  iu  peculiar  conditions  of  the  Encephalon  itself 
and  not  in  the  organs  of  sense  or  the  nervous  trunks ;  thus,  in  Drauuing, 
we  frequently  have  very  vivid  pictures  of  external  ohjocte  pi-escuted  to 
our  minds;  and  we  sometimes  distinctly  hear  vijices  and  murdcal  toDM, 
or  have  |"ereeptions  (though  this  is  less  common)  of  tastes  and  odours 
The  phenomena  of  Spectnd  llluaioiiH  arc  very  nearly  connected  with 
those  of  dreaming;  both  may  be  in  some  degree  influenced  by  exIuTud 
causes,  acting  upon  tlie  organs  of  sen-sation,  which  arc  misinterpreted 
(a»  it  were)  by  the  mind,  owing  to  ita  state  of  imperfect  oper»Uon; 
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Tmt  liotli  also  mny  entirely  origiimtti  in  the  centrftl  organs.  There 
BPems  to  be  no  difl'ei'cnce,  iu  tlie  feeliiiga  of  the  iinlividiiiO,  between 
the  aeiisatiuna  thus  oi'iginating,  anil  tlioae  which  are  produced  in  the 
uauaj  manner;  lor  we  tiiid  tliiit,  unless  convinced  to  the  ciiutmry  by 
their  reason,  persona  who  witiiuss  syieutrul  illusions  believe  aa  tirmly 
in  the  reality  of  the  objects  that  come  bofoi-e  their  minda,  aa  if  the 
images    of  those  objects  were  actually  formed   ou  their   retinie.      Thia 

»ia  another  proof,  if  any  were  wiintiiig,  thnt  the  orgiin  of  sense,  with 
the  nerve  belonging  to  it,  ia  but  the  inatrument  by  which  certain 
ohunges  ure  prodncod  in  the  Sensorium ;  by  which  changes,  and  not 
by  the  immediate  inipresaions  of  the  objects,  our  Couaciousiieas  ia  really 

^H  598.  There  is  yet  another  mode,  however,  in  wliich  Subjective  sen- 
Bationa  may  be  excited;  namely  by  sensations  originating  in  objectiTe 
im|ireaaiou»  on  ol/ier  jsu-ts.  Thus  the  irritation  of  a  eiilculus  in  the 
bliulder  gives-rise  to  pain  at  the  end  of  the  penia;  diaeaae  of  the  hiii- 
joint  ia  often  first  indicated  by  [Hiin  in  the  knee ;  irritation  of  the  ovary 
wiU  wmae  jiaiii  under  the  mamma;  various  diaordera  of  the  livt^r  occa- 
eioD  pain  under  the  lel\  .scapula;  attoutiou  is  often  drawn  to  diaeaaes  of 
the  Iieurt  by  shooting  pains  along  the  arms ;  stimulation  of  the  nipple, 
whether  iu  the  male  or  female,  givea-me  to  peculiar  aensiitions  referred 
to  the  genital  organ*;  the  sudden  inti-oduetion  of  ice  into  the  stomach 
will  cause  intense  [Miiii  in  the  supra-orbital  region,  and  the  same  pain  ia 
frequently  occiisioned  by  the  pi-escnce  of  acid    in  the   stomach,   and 

■may  be  very  quickly  relieved  by  its  neutralization  with  an  alkali.  It 
Iriri  be  seen  tliat  in  moat  of  these  cases,  it  is  impossible  to  refer  the 
tousiations  to  any  direct  nervous  connection  with  the  parts  on  which 
the  iwpressioiia  are  luade;  and  they  can  scarcely  be  otherwise  ac- 
uounted-for,  than  liy  supposing  that  these  impresaiona  produce  sensorial 
changes,  which  are  i-eferi-ed  to  other  parts,  in  virtue  of  scimo  ceitlml 
track  of  communication  with  them,  analogous  to  that  through  which 
retles  movements  are  excited.  Tliere  ai'o  circumalancea,  indeed,  wliicL 
seem  to  render  it  not  improbable,  that  juat  as  the  impression  brought 
by  tlie  afierent  neiTea  to  the  central  orgaiia,  excites  a  retiex  movement 
by  disturbing  the  jjolarity  of  a  motor  nerve,  it  may  excite  a  '  reflex 
seDSBtion"  by  diaturbing  the  polarity  of  a  sensory  nerve.  Certain  it 
ia  that,  alter  the  long  continuance  of  some  of  these  reflex  sensations, 
the  orgiins  to  which  they  are  refeiTcd  themselves  become  diseased, 
although  previously  quite  healthy;  thus,  jutin  in  the  testicles  is  fre- 
((Ucntly  induced  bv  irritation  having  its  seat  iu  the  lower  part  of  the 
spine,  on  which  if  it  continue,  some  morbid  afiection  of  the  testicle 
itself  is  likely  to  supervene;  and  Sir  B.  Brodie*  liaa  recorded  several 
cases,  in  widch  '  nervous'  pains  in  various  jwirts,  apparently  of  a  purely 
subjective  character,  have  been  followed  by  pain  and  swelling  of  the 
iiitegumenla.  These  phenomena  are  perhaps  due  to  that  habitual 
dii-ection  of  the  consciousness  to  the  part,  which  ia  promjited  by  the 
habitual  sensation;  this  condition,  as  we  shall  see  hereafter  (chap.  XV.), 
bi^itig  itself  adequate  to  the  production  of  changes  in  ita  ordinary 
nutritive  action. 

5^0.  It  lUiemB  to  be  by  an  innate  law  of  our  constitution,  that  tbeM 
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subjective)  Henaationti,  wh(!thor  originating  at  the  central  Uinninatidiis 
of   uwvtia,   or  in  the  coutsb   of  their  trunks,  should  be   referreil  by  th» 
mind  to  tho  ordinnry  Hitimtiona  of  their  [loripheral  eitremitiea  (§474  I,); 
even   thougli  tlieite  elioiild   not  exist,  or   should   bo   destitute  of  tha 
power  of  receivinjj  impressions.     Thus  after  ainpututions,  the  ]>aticnts: 
are   for  aome  time  affected   with   sensations  ([irobably   excited  by  irri- 
tation at  the  cut  ends  of  the  nerves),  which  they  refer  to  the   removed 
ejctremities;  the  Hume  has  been  notiwd  in  regard  to  the  eye,  as  welt 
when  it  has  been  completely  extirjiated,  iis  when  its  powers  have  l>ecn 
destroyed  by  disease.     The  effects  of  the  Taliacotiau  operation  afford  a 
CurioHaly-illustrative  example  of  this  principle;  for  until  the  flap  of 
from  which  the  new  nose  is  formed,  obtains  vascular  and  tiervons 
nections  in  its  new  situation,  the  seuRation  produced  by  touching  it  is 
referral   to  the   forehead.      Another   iutereeting   illustnition   of  it   may 
be  obtaintvl  by  the  following  very  simple  exjwriniwit : — if  the  middle 
finger  of  either  hand    be   crosswl   behind  the  foi-e-tinger,  so    tliat    its 
extremity  is  ou   the  radial  side  of  the  latter,  and  the  ends  of  the  f 
fingers  thus  disiHWcil  be  rolled  over  »  marble,  ]>ea,  or  other  round  body, 
a  sensation  will  be  produced,  which,   if  uncorrected  by  reason,  would 
cause  the  mind  to  believe  in  the  existence  of  two  distinct  IkmUcs;  this 
ia  due  to  the  impression  being  made  at  the  same  time  u]x>u  the  radial 
side  of  the  forefinger,  and  the  ulnar  side  of  tho  middle  finger, — two 
spots  which,   in   the   natural    position,   ore  at   a   cansiderablc  dist&nce. 
—Sensations  of  a   purely   Subjective   nature  may  excite   ]>rccisely  ihi 
same   muscular    movements,   or   other   changes    iu    the    bodily  systei 
as   do  similar  sensations  produced  by   objective   realities.      Of  this 
have  abundant  evidence  in  the  effects  of  sensations  cm.lled-up  by  ideaa 
(55  fl-tO,  602);  the  following  example,  however,  Ls  ]ieculiarly  valuable, 
OS  showing  that  the  seus-ition  still  operates  in  dii-ecting  movement,  even 
though  tliere  bo  an  intellectual  consciousness  that  tliere  is  no  objectiv 
cause  for  it,  and  that  the  movement  is  ccu-soquently  inappropriate- 
lady  nearly  connected  with  the  Author,  having  lieen  frightened  in  child^ 
hood  by  a   black  cat,  which  sprang-up  from  beneath  her  pillow  juat  aS 
she  wiw  laying  her  head  upon  it,  was  accustomed  for  many  years  afle; 
wards,  whenever  she  was  at  all   indisposed,  to   see  a  black   cat  on  tbti 
ground  before  her;  and  although  jierfeotly  aware  of  the  spectral  character 
of  the  appearance,  yet  she  conld  never  avoid  lifting  her  foot  as  if  to 
over  the  cat,  when  it  seemed  to  be  lying  iu  her  path. 

COO.  It  ia  remarkable  that  not  merely  are  Subjective  sensations,  like 
all  others,  rendered  more  intense  by  the  direction  of  the  attention  to 
them,  but  they  may  be  actually  called  into  existence  by  the  fixation 
the  attention  on  certain  parts  of  the  body;  and,  with  yet  greater  ft 
by  the  belief  in  tho   existence  of  objective  causes  for  such   sensatioi 
The  '  effects  of  mental  attention  on  bodily  organs'  have  been  specially. 
pointed-out  by  Sir  H.  Holland  ;*  from  whose  examples  the  following  may 
be  cited  in  proof  of  tho  foregoing  position.     "  The  attention  oonoai- 
tratod,  for  so  by  an  effort  of  will  it  may  be,  on  the  bend  or  eensorini%J 
gives  certain  feelings  of  tension  and  uneasincBS,  caused  possibly  by  giiinft' 
uhniige  in  the  circulation  of  the  part ;  though  it  may  be  an  effect,  how- 

*  Sou  hi*  Tilukblo  Eiua;  on  Uul  labjcc t  \a  his  "  Medic&l  Notes  and  BcflMtioU,"  i 
in  hii  X  CliBptcra  on  MuHtal  Plijuiolugj." 
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ever  difficult  to  be  conceived,  on  the  nervous  Hyatem  itself.  Pereisteuci! 
in  this  effoi't,  which  is  seldom  indeed  iiosailile  lieyoud  a  short  time  with- 
out uoutuHJon,  produces  reaulta  of  muuh  more  wtrnples  uftture,  luid 
scarcely  to  bi>  delinud  by  any  common  turms  of  iHiiguage."  "  Stimulated 
attentiou  will  fniqueutly  give  a  locid  Bense  of  arterial  pulsation  where 
not  frequently  felt,  and  create  or  augment  those  singing  noises  in  the 
ears,  which  probably  depend  on  the  circulation  through  tha  capillary 
vessels."  A  similar  dii-eetion  of  consciousness  to  the  region  of  the 
etomach,  "  creates  in  this  port  a  sense  of  weight,  oppression,  or  other  less 
definite  uaeasiueas;  and,  when  the  stomai^h  is  full,  appears  greatly  to 
disturb  the  due  digestion  of  the  food.  The  state  and  action  of  the 
bowels  are  much  inflaenced  by  the  same  cause."  A  peculiar  sense  of 
weight  and  restlesaneas  ai>proaching  to  cramp,  is  felt  in  a,  limb,  to 
which  the  attention  is  particularly  directed.  So,  again,  if  the  attention 
be  steadily  directed  to  alnioat  any  part  of  the  surface  of  the  liody, 
soniy  feeling  of  itching,  creeping,  or  tickling  wiD  soon  be  experiencocL — 
The  fact  tliat  seiiwitions  may  be  iimdijial  by  ]>revioua  beliefs,  which  must 
be  within  the  esjierience  of  every  one,  is  remarfcahly  illustrated  by  the 
well-known  exchiiuation  of  Dr.  Peaiiion,  "  Bless  me,  how  heavy  it  is," 
when  he  tirst  poised  upon  his  linger  the  globule  of  potsssiiun  produced 
by  the  Imttery  of  Davy;  his  preconception  of  the  coincidence  between 
luetidlic  lustre  and  high  specific  graWty,  ca-using  him  to  feel  l/uU  as 
cnderous,  which  the  unerring  test  of  the  balance  determined  to  be 
ghter  than  water. 

601.  Of  the  aljsolute  productum  of  Subjective  sensations  by  the  con- 
viction of  the  existence   of  their  objective   causes,  the   two   following 
related  by  Prof.  Bennett,*   are   very   satisfactory   examplea;  the 
effect  of  the  idea  not  being  limited  to  the  production  of  the  sensations, 
but  extending  itaelf  to  the  consequences  which  would  have  followed 
thooe  sensations  if  their  supposed  cause  had  been  real.     "  A  clergyman 
^^^Id  lue,  that  some  time  ago  suspicious  were  eut^rtftinud  in  his  parish, 
^^■f  a  woman  who  wa»  supposed  to  have  poisoned  her  newly-born  infant. 
^^Rhe  coflin  woa  exhumed,  and   the  prociuator-tiacal,  who  attended  with 
^^^e   medical   men  to   examine  the   body,  declared  that  he  already  per- 
P  '  WHSd  the  odour  of  decomposition,  which  uuide  him   feel   faint,  and  in 
I       MBUnquence  he  withdi'cw.      But,  on  opening  the  eofiin,  it  was  fouud  to 
be  1 1111)1^^  And  it   was  afterwards  ascertained  that  no  child  had  been 
boRi,  sad  Oonseiiucntly  no  miuiler  committed." — The  second  case  is  yet 
JpBCb  remarkable.      "  A  butcher  was  brought  into  the  ahoj)  of  Mr,  IVIac- 
tt^lttt,  the  druggist,  from  the  market-place  opposite,  labouring  under  a 
fitfSrible  accident.     The  man,  on  trying  to  hook-up  a  heavy  piece  of  meat 
\  his  head,  slipped,  and  the  sharp  hook  penetrated  his  arm,  so  that 
himself  was  Eus[)eniled.     On  being  examined,  he  was  pale,  almost 
^yulselcas,  and  expi'essetl    himself  as  suffering  acute  agony.     The  arm 
could  not  bo  moved  without  causing  excessive  jiain;  and  in  cutting-off 
the  sleeve,  he  frequently  cried  out;  yet  when  the  arm  was  eiposed,  it 
was  found  to  be  quite  uninjured,  the  hook  having  only  traversed  the 
sleeve  of  his  coatl" — Inthisand  similar  cases,  tlie  sensation  woa  perfectly 
Ttal  to  the  individual  who  experienced  it ;  but  it  ortginateil  in  a  Cerebral 
/ideational)  change,  which  produced  its  impression  through  the  neryea 

*  "The  Hoaueric  HuiU  of  ISSl."     Bdinborgh,  ISGl. 
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oSiiUemaf.  sensation  (§566),  instead  of  in  nn  impression  upon  the 
of  the  external  senses  to  which  it  was  refpri-etL  Of  this  kind  of  action 
we  shall  see  other  examples,  in  the  production  of  sensutiuna  by  '  aug- 
giTStion'  in  the  state  of  wtificial  Reverie  (§  672).  And  the  excitement 
of  the  peculiar  sensation  of  tickling  in  a  '  tiekliBh'  jwrson  by  say 
movement  that  suggests  the  idea,  and  of  that  of  creeping  or  itching  by 
the  mention  of  bed-infesting  insects  to  those  who  are  peculiarly  liable 
to  their  attacks,  are  familiar  instances  of  the  same  fiict;  which  strongly 
conlinntt  the  general  doctrines  heretofore  advanced,  respecting  the 
analofjry  lietwetn  the  jwripheral  surface  of  the  Cerebrum  and  the  peri- 
phenil  exjianHions  of  the  Sensory  nerves,  ua  regards  their  mutual  relations 
to  the  Sensoriiun  (§  .577). 

603.  On  the  siima  level  with  the  simple  feelings  of  pleasure  and  [min 
which  ai-e  associated  with  our  Sensational  consciousness,  biit  distinct 
from  these  in  the  manner  in  which  they  affect  us,  are  those  general 
feelings  of  [leraoual  laeti-imnij,  or  of  its  rev^erse  nuiJaise,  which,  whilst  w 
intimately  connected  with  states  of  the  bodily  system  aa  to  be  producible 
by  them  alone,  arc  also  the  rudimentary  forma  of  those  higher  psyohi 
states  which  we  terra  Emotions.  These  feelini.'s,  in  their  lowi 
stage  of  development,  are  purely  subjective;  the  iudjvidnal  being  ainipl 
conscious  of  them,  and  not  referring  tlieni  to  any  external  source.  Them 
are  many  persona  who  are  so  keenly  susceptible  of  botli,  that  they 
puns  their  whole  lives  in  an  alternation  between  ehefrfjilneaa  and  dtpre*- 
sion;  the  former  state  being  favoured  by  fri:edom  from  anxiety,  by  the 
healthful  activity  of  all  the  organic  fiinctions,  hy  a  bright  sun  and  a  dry 
bracing  atmosphere;  wliilat  the  latter  is  immediately  induced  by  meuul 
dis(|uietude,  by  a  slight  disorder  of  digestion  or  excretion,  or  by  a  dull 
oppresfiivc  day.  And  a  couciirreiice  of  (avonmble  conditions  may  even 
exalt  this  CatuTstlienis  (or  self-feeling)  into  ejJiilarntion  or  alisolulejoy." 
whilst  the  combined  influence  of  those  of  the  opposite  kind  may  proiluw 
glf'cnn  which  may  he  exaggerated  almost  to  tlefjt/iir.  The  eondilion  of '  tho 
spirita '  (as  theses  mental  aifccticins  are  commonly  designated)  niost  to  bo 
desired,  however,  is  th«t  of  tntntuil  errmfurl ;  for  this  is  far  more  fjvour- 
able  than  the  alt*'mation  of  extremes,  to  healthful  activity  and  to  sns- 
tained  energy,  both  of  body  and  <A  mind  And  this  may  I*  cherished 
by  cultivating  the  habit  of  Volitionid  self-restraint  (§  462).  wliereby  auv 
tendency  to  undue  exhilaration  is  moderated,  and  ej^cessive  depression  in 
resisted  by  a  determinate  effort  not  to  yield  to  it.^The  same  states  of 
couBciousness  may  be  excited  by  causes  purely  Psychical ;  nud  although 
we  are  then  accustomed  to  designate  them  as  Eniotiona,  yet  their  nature 
and  their  seat  are  probably  the  same  in  the  one  case  aa  the  other.  For 
i^  like  the  Sonsationa  with  which  they  are  so  closely  as-sociated,  tliey  an 
impressed  on  our  coiiaciousui'sa  hy  the  in  strum  en  tali  ty  of  the  Sen.'airy 
GaJiglia,  it  is  easy  to  see,  on  the  principles  already  explained,  how  the? 
may  be  called  into  activity  by  impi-essions  conveyed  ihithor  by  tliii 
'  nerves  of  the  internal  senses,'  as  well  as  hy  those  which  arrive  there 
thrtiugh  the  '  nerves  of  common  sensation  '  which  are  distributed  throo^ 
the  iKMly.  It  ofti;n  hapjiens,  moreover,  that  the  impression  thils  HUkd* 
upon  tho  'Emotional  sensibility'  is  more  persistent  than  the  mental  stale 
which  gave  rise  to  it ;  for  after  some  disagreeiible  occurrence,  or 
receipt  of  ill-tidings,  we  feel  an  abiding  consciousness  of  i^Acomfort 


nie 


OP  PEROEFTtTE  ADD  INTUITIOWAL  OONSCIOUBNEBB. 


567 


^m    and* 
^^  refer 

^^  monl 


distress,  although  we  ileterminately  keep  from  our  mental  view  the 
recoUe<'tioii  of  the  unpleasant  idea,  in  order  thiit  we  may  not  be  diaturlied 
by  dwelliug  too  jiainfiilly  on  it.  It  may  often  be  observed,  moreover,  that 
when  the  piwsious  have  been  excited  in  atates  of  SomDambuliam,  Hvpno- 
tism,  Ac,  a  disturbed  Comiiesl/ieniii  ia  carried-on  into  the  ordinary  8tat«, 
although  the  '  subject '  is  altogether  unconscious  of  the  nature  or  caunea 
of  the  Emotional  parosysra.'— There  art!  few  other  forms  of  Emotional 
HeiuiikiUty,  wliich  are  no  completely  sulijectivc  as  the  foregoing;  moat  of 
them  hoving  refereueo  to  some  object  wliich  is  I'elt  to  be  external  to  sel^ 
and  therefoi-e  belonging  to  the  next  category.  But  we  seem  justirteci  in 
referring  to  this  group,  ax  being  nearly  allied  to  the  foregoing,  thcmgh 
'oely  capable  of  being  grouped  together  with  them,  lfi«  neiisf  of  unjoy- 
in  actlvUy,  and  its  converse  llu^  setiae  of  laiiiim  I'w  iiiatticiti/  (com- 
monly known  as  ei'iiui);  both  of  which  are  purely  subjective  statcH,  and 
are  obviously  manifested  by  the  lower  animals,  chiefly,  however,  in  con- 
nection with  their  bodily  functions,  whilut  in  Man  it  is  the  want  of 
mentid  occupation  that  is  the  chief  source  of  Ennui, 

603.  Pi^Teeptiee.  and  IiUuid'j/uilCoiuiciiiiijtit/'iia. — Neither  the  operations 
of  the  lnt«llectual  Powers,  nor  the  higher  Emotional  states,  are  immedialcly 
called-forth  by  the  Sensational  conBciousnesa;  for  if  we  do  not  adviinc* 
beyond  this,  we  merely  recogniKo  the  tact  that  certain  changes  have 
occurred  in  our  own  '  subjective "  state,  and  do  not  refer  these  changes  to 
any  external  or  '  objective '  Hource.  Of  .■such  a  limitation,  we  occaiionaliy 
meet  with  example-i  amoug  the  phenomena  of  Dreaming,  and  in  some  of 
the  conditions  resulting  fi*oni  the  use  of  Anxathetic  agents;  for  if  we 
&11  asleep  whilst  Buflcring  from  bodily  pain,  we  may  entirely  lose  all 
percejttion  of  tlie  eau«e  of  that  jiain  as  having  its  seat  in  our  own  bodily 
&bric,  and  yet  remain  conscious  of  a  |)erturbed  state  of  feeling ;  and  when 
a  sui^cal  operation  ia  jierformed  in  a  state  of  incomplete  Anaesthesia,  it 
is  obvioua  that  jiain  is  felt  without  any  distinct  conscioiu^ness  of  ita 
source,  and  the  patient  may  subsequently  describe  his  state  ss  an  uueHKy 
dream.  Much,  it  is  probable,  is  the  condition  of  the  Infant  at  the 
commencement  of  its  jiaychical  life,  "  If."  as  has  been  well  remarked  by 
Mr.  Morell,+  "  we  could  by  any  means  transport  ourselves  bito  the  mind 
of  an  inlitnt  liefore  the  pei-ceptivu  con.icionsnees  ia  awakened,  we  shoiiid 
find  it  in  a  state  of  alisolute  iaohitiou  trom  everything  else  in  the  world 
around  it.  Whatever  objects  may  be  preaented  to  the  eye,  the  ear,  or 
the  touch,  they  are  treated  simply  as  subjective  feelings,  without  the 
mind's  poa.-iessing  any  consciousness  of  them  us  objects  at  all.  To  it,  the 
inward  world  is  everything,  the  outward  world  ia  noCltinij." — However 
difficult  it  may  be,  under  the  inSuence  of  our  life-long  expei-ienee.  to 
dissociate  any  sensation  of  which  we  are  cognizant,  from  the  notion  of  its 
external  cause — since,  the  moment  the  feeling  is  experienced,  and  the 
mind  is  directed  to  it,  the  object  from  which  it  arises  is  immediately 
BUgKeated, — yet  nothing  ia  more  certain  than  that  all  of  which  we  are 
ourselves  conscious,  in  any  cot«(  whatever,  is  a  cei-taiu  internal  or  buI>- 
jective  state,  a  change  in  our  previous  consciousness;  and  that  the  mental 
recognition  of  the  object  to  which  that  change  is  due,  is  dependent  upon 

•  Par  n  rsDiaikshJe  on  or  tbis,  nee  tfae  Antliar*ii  Art.  Sleep,  in  Iho  "  Cjolup.  of  Aust, 
ud  Phye.,"  Tul,  W.  p,  893. 

t  "  Pbilomphj  of  BeligiDii,"  p.  7. 
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s  higbtf  mental  iimcess,  to  wbicli   l.lie  iinm<i  of  Pension  or  tmttfiml 
Consaougnesa  in  now  gtintirally  iicconleiL      W(<  may  reooKnizp  Ui«  : 
featation  of  tliis  procosa  in  tlie  child,  ob  it  advauces  W^dad  the  dm  I 
incmths  of  ita  lielpU'ssDcss.      "  A  si^lit  or  a  sonud,"  remarks  Mr.  H- 
(Op.  cit.),  "  wliich   lit   first   produced  aimpty  on  iuvoluutjuy  sUiIt,  : 
awakeus  a   sraiie   or  a  look  of  recognition.     Tbe   miud    is  iii 
struggling  oiU  of  lUdf:  it  btigina  to  throw  itaelf  into  tlic  olypcU  i 
and  to  live  in  thu  world  of  outward  realities."     A  similar 
more  rapidly  effected,  may  he  didtiufpiished  in  oareelvts,  dur 
paraage  from   sleep,  or  from  the  insensibility  of  a  swooii,   to  tbc  i 
Oomiplet«  walcefidnes.s ;   when  we  lU-e  nt  first  ocinsciuiia  only   of  ourJ 
aensiitious,  and  gradually  come  to  the  knowledge  of  our  couiUtion  i 
rehites  to  the  world  around,  and  of  the  jiosit.ion  and  circuuistanov*.  I 
and  strange  as  they  may  he,  in  which  we  find  ourselves. 

604.  Now  the  itpprvhmimoii,  or  formation  of  an  elementary  notion,  t 
the  o'UiicM  or  extenmlUy*  of  the  cauoe  of  a  Bensational  ohhuiiii,  iii 
O]jenition  whioli  tho  Mind  aeems  necessarily  to  perform,  win  n  i;  U 
nttiiined  a  certmn  atage  of  development;  instinctively  or  i 
mnking  K  definite  distinction  hetween  the  fclj  and  the  i-' 
giifiject  and  the  object.  We  do  not  infer  the  exiatence  of  obj«FtiTp  i 
by  any  act  of  the  Reason ;  in  fact,  the  stiict  application  of  lu 
cesses  tends  rather  to  shake  than  to  confirm  the  belief  in  the 
world ;  but  the  qualities  of  matter  are  directly  and  imme 
gnized  by  our  miudii,  and  we  gradually  learn  to  intorprrt  and « 
iuipi'essious  they  umke  uj>ud  uur  cuiisciousneaB,  so  as  to  derive  I 
a  more  or  1c»s  detiviite  notion  of  the  object.  86D)e  6f  these 
BO  simple,  and  so  constJintly  excited  by  certain  sensations,  that  wfi* 
scarcely  do  otherwise  than  attribut*!  their  formation  to  origiiuJ 
fundamental  properties  of  the  mind,  culled  into  activity  by  the  i 
in  queation  ;  thus,  the  notion  of  /larJiiees  seems  to  connect  ilself 
the  first  with  the  sense  of  absolute  resistance,  the  notion  of  dir- 
the  consciousness  of  diversity  of  parts  in  the  visual  picture. 
ceptioiis  are  said  to  be  hUw'tive  or  original.  In  other  catNM, 
the  notions  are  eonne<:ted  with  the  senstktions  by  habit  alone; 
entirely  due  to  the  association  which  gradually  establishes  itaelf  bctve 
them,  that  the  one  calls-u|i  the  other.  This  is  certjiiuly  the  case  < 
regard  to  those  pei-eeptions  of  the  relative  distaneea  of  reiruAt  ohjo 
which  are  based  upon  our  apprehension  of  their  sizes,  the  diitin 
with  which  they  are  seen,  ttc.  (§  704) ;  but  with  regard  to  our  vibiul  | 
ception  of  solidity  or  projection  (§  7C1),  which  depends  upon  an 
eiiition  of  the  i-elutive  distances  of  the  several  parts  of  a  itiKtr  obji'L-t  ({  7ii3| 
it  will  be  shown  to  be  (juestio liable  whether  this  is  intuitive,  or  win' 
it  is  acqairfid  by  the  early  combination  of  the  visjiol  and  tactile  ; 
perceptions.  Curtain  it  is,  that  during  the  period  of  iniancy,  a 
rapid  and  energetic  jiixwess  of  self-education  is  going  on ;  the  ir-Ao^  i 
so  tar  as  it  is  yet  develojied,  being  concentrate*!  u|)ou  its  ]■ 
activity.     And  the  judicious  parent  or  nurse  will  tavour  this  prooci^  I 

■  This  term  ii  to  be  nudeTBtoad  in  the  preneiit  inqnirj,  u  impljing  vb*t  u  mMmI  I 
the  mind.     ^Ivweil  in  that  iiafiect,  the  boililj  cirEiuiisin  eliiatlB  in  Uit  lUDEkiiidof  t 
to  it,  as  iLofm  llib  w;>rlcM>cyuuJ;  Hriit  Lliv  oJinji^'o^  iu  Uie  former  which  f^vb  riv  to 
tioDS,  ire  u  much  alirjrtlift  u  ui^  Ihuw  uf  Uie  lulter. 


OF  PBIWEPTirK  AN1>  IffTniTIOIIAI.  OONBOIOUBHEtn. 


nm 


^^^^Bjiiig  B.  RuiGcit'ut  viirietf  of  objuctA  mi  wliicli  it  inuy  be  advau- 
^^^^■Msly  exorci^i^d. — Wheu  ohqo  a  cotiijili^te  intei'iirutation  Iiah  thus  lietD 
Sttained,  of  any  jiarticuJar  grouji  of  seiisatinns,  it  so  immediately  Ducuni  to 
the  oonsciou^nesa  wlieuever  tliose  seii»itions  may  ho  renewui],  as  to  have 
all  the  directness  of  au  original  ptreeptioD ;  and  thus  it  is  very  iliflicult, 
at  later  periods  of  lite,  to  diacriniijiatia  the  perceptions  which  are  really 
iiitailiEe,  from  those  which  have  been  acquired  during  infajicy.  Tt  would 
be  wrong  to  draw  iuferences  on  this  point  from  the  actions  of  the  lower 
aiiimaJa ;  for  in  those  casea  in  which  the  young  ai-e  dependent  from  the 
fiirt  on  the  esertion  of  their  own  |«3werB,  it  is  obvious  that  they  have  a 
lu^r  niugp  of  intuitive  perceptions,  than  is  ponseMBed  by  those  which 

■  derive  their  early  susteuance  from  tlieir  i)arenta.  Many  of  them,  for 
example,  uiaiiifest  u  guiding  apprecitition  of  direction  and  distance,  which 
Man  can  only  gaJTi  by  long  eximrience.  Thus,  a  fly-catcher  just  come 
out  of  its  shell,  may  be  seen  to  iwuk-at  and  capture  on  insect,  with  an 

Iftim  as  ]>ei'fect  as  if  it  had  been  all  itti  lite  engaged  iu  learning  the  art. 
Still  more  remarkable  is  the  pei'ception  that  guides  the  actions  of  a  little 
fish,  the  C/urtodtin.  rostratua,  wliich  shoota-out  drojis  of  fluid  froiu  it« 
prolonged!  snout,  so  as  to  strike  insects  that  hapj>en  to  bo  near  the  sur- 
face of  the  water,  thus  causing  them  to  fall  into  it,  so  as  to  come  within 
its  own  reach.  Now  by  the  laws  of  refraction  of  light,  the  real  plaue  of 
the  luBPCt  in  the  air  will  not  be  that  at  which  it  apjKMira  to  Uie  Fish 
iu  the  water;  but  it  will  be  a  little  below  it«  apparent  place,  and  to  thia 

P  point  the  aim  must  be  directed.      But   the  difference  Ixjtween   tlie   real 
iind  the  apparent  place  will  not  be  constant;  for  the  more  peipeudicularly 
the  rays  enter  the  water,  the  leas  will  he  the  variation ;  and,  on  the  other 
huuil,  the  more  obliijue  the  direction,  the  greater  will  be  the  dilference- 
Now  it  is  impos,iible  to  imagine  but  that,  by  an  intuitive  perception,  the 
^m  Kul  place  of  the   Insect  is  made  known  to  the  Fish  in  every  instance,  as 
^H  perfectly  as  it  could  be  tu  the  most  sagacious  Human  mntljematiciau  wha 
•  might  determine  it  in  each  case  by  a  jiroeeaa  of  calculation,  or  to  a  clever 
marksman  who  had  learned  it  jiractically  by  a  long  experience.     The 
Fish,    however,    simply    nelii   vpnii   .■luch    knowledge,    prompted    by    an 
iostinclive  impulse  to  do  so ;  whilst  Man,  even  iu  the  lowest  stage  of  hist 
culture  (as  when  in  the  condition  of  the  child  or  the  savage),  etmsciously 
Bepanttes  his  own  personality  from   the  object  which  excites  his  uu^utal 
activity ;  and  thna  only  chji   he  lay  the   fomidation   for  exercising  that 
I        higher   Intelligence,  which   nuijersedes  in  him  the  Instinct  of  the  lower 

i«nimahi. 
00.5.  Tlie  formation  of  acipdred  perceptions,  and  their  gradual 
juauuiptioD  of  the  inuneiljate  clwractcr  of  those  which  belong  to  our 
original  couatitutiou  (thus  deserving  the  designation  of  tccotultirili/- 
iiUuilic],  bear  a  striking  analogy  to  the  process  by  which  habitual 
movement«  come  to  be  linked-on  to  the  sensations  that  prompt 
I  them,  so  as  at  hut  to  be  automatically  performed,  although  originally 
guided  by  the  Will  (§  540),  And  it  can  scarcely  be  itgarded  as  impro- 
bable, tikat,  in  the  one  case  as  in  the  other,  the  nervous  meclianism 
i/riing-lo  jHirticular  modes  of  activity  (§  515) ;  so  that  succeasions  of  action 
I  are  uniformly  escited  by  particular  stimuli,  which  were  ni)t  provided-for 
in  its  original  oonstnictioii.  Such  a  view  harmonises  well  with  the  fact, 
that  audi  asBuciatious,  lioth  between  seosations  and  respoudeut  fitoveiiteiiU, 
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and  between  sensations  and  retipondeiit  uleoK,  are  formed  mucli  more 
readily  during  the  period  of  childliood  aud  adoleBceupc,  than  they  are 
aft«r  tlie  full  measure  of  developmeut  hus  been  attained ;  and  that  they 
are  much  mure  dtirahle  in  the  formor  cane  than  in  the  latter.  For 
tliat  wliieh  has  been  already  pointed-out  with  regiird  to  the  nutrition  of 
other  tifisues  (§  34li),  may  not  nm^asonably  be  ap])lied  to  the  Nei-vous 
systeru;  tluit,  wheu  oncu  a  certain  mode  of  nutrition  has  been  fully 
eabihlirthe*!,  it  teuda  to  jiei-pettiate  itself,  proviiled  that  it  be  not  altogether 
unco  n  form  able  to  the  origiunJ  type.  Throughout  the  whole  coniititutioa 
of  Man,  physical  and  mental,  we  witness  tills  cajiacity  of  adapt»tion  to  a 
great  variety  of  pircnmstancuB ;  and  it  seems  to  be  purposely  left  to  Man 
to  cduuiito  liicufkilf  in  accordance  with  those  circumstaucea,  so  that  he 
gmduidly  acipiireM  thiwo  modes  of  action,  which  in  other  animals  are 
directly  prompted  by  iustjuetiveor  intuitive  teudenciea.  Hence  aJibough 
placed  at  a  disadvantage  in  comparison  with  them,  dui-ing  the  earlier 
periods  of  his  life,  he  is  enabled  iiltiiuatuly  to  attain  to  a  far  wider  range 
of  pei'ceptive  appreciation,  than  that  to  which  they  arc  limited;  theru 
being,  in  fact,  no  class  of  sensory  impressions,  from  which,  by  habitual 
attention  to  them,  he  may  not  di'aw  infoi-mation  of  a  for  iiinri'  precise 
and  varied  natuixj  than  they  seemed  at  first  to  be  capable  of  affording. 

GHO.  We  have  seen  that,  for  the  production  of  a  Senaation,  a  eontcwuM 
statu  of  mind  is  all  that  is  required;  whilst,  on  the  other  liand,  for  th<i 
csercise  of  the  Pi^i'ceptive  power,  a  certain  degree  of  altention  is  rerjuisite; 
or,  in  other  words,  Uic  Mind  must  be  directed  (mimrtU  the  sensation. 
Aud  thus  it  hujijiens  that,  when  the  mind  is  fithcr  uioctive,  or  is  com- 
pletely engrossed  by  some  other  subject  of  thought,  the  sensation  may 
neither  be  perceived  nor  remembered,  notwithstauiliug  that  we  have 
evidence  derived  from  the  respondent  movements  of  the  txiily,  that  it  Iiha 
been  felt.  Thus  a  person  ui  u  stat*'  (jf  iiujiei'leet  sleep  may  start  at  a  loud 
sound,  or  mny  tuni-JiWiiy  from  a  light  shining  on  his  face ;  being  con- 
scious of  the  sensation  and  acting  automatically  upon  it,  but  fomiing  no 
kind  of  appi'ecialion  of  the  eitoniality  of  its  source.  And.  in  like 
manner,  a  person  in  a  state  of  profound  Ahatruetion  (J  G71)  may  perform 
many  automatic  movements,  which  cannot  (so  fur  as  we  know)  be 
escited  except  through  the  medium  of  sensation;  and  yet  the  esoiting 
sensations  are  neither  ijereeivcd  by  him  at  the  time,  nor  are  they  after- 
wards rememberi-d ;  so  that  when  he  is  aroused  from  liis  reverie,  he  may 
be  iLstouisfied  to  find  himself  in  eircumstances  altogether  ditlereut  froiu 
thiise  under  which  lie  passed  into  it.  Sometimes,  however,  the  sensorial 
imprtaaion  may  excite  a  sort  of  imperfect  pei-ceptiou,  which  is  subse- 
quently remembered  and  CJjinpleted.  For  example,  the  student  who 
docs  not  hear  the  repeated  strokes  of  the  clock  when  his  mind  ia  entirely 
given-up  to  his  object  of  pursuit,  may  have  a  sort,  of  vague  conseiousucsB 
of  them  if  his  attention  be  less  completely  engrossed  by  bis  studits; 
and  although  the  nouiids  .may  not  suggest  at  the  moment  any  distinct 
idea  of  the  pa.ssage  of  time,  yet,  when  he  subsequently  gives  hb  attention 
to  the  sensorial  iiiipi-esaion,  he  may  remember  to  have  heard  the  clock 
fltrike,  and  mny  even  bo  able  to  retrace  the  number  of  strokes.*     When 

*  It  u  iiuriuus  Ihnt  in  go  retrncing  a  nttmW,  no  are  oflcii  Uiiited  by  mcnUll;  repn- 
Jaoirig  (be  sat'^cBsion  of  Eitroke^,  iiiifi^i-nin^  tbi^ir  reourruD^e.  hdU]  ve  feuj  that  we  hi^w 
«ouutod-up  to  tlifl  iiapreb^iun  thnt  wua  Jcft  upon  our  seDBurinm.     In  ihe  wo vviti, if  ft^cd 
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Atteution  is  directed,  however,  to  the  Bonoroua  impressiona  (aa  when 
I  -we  are  listening  for  the  atriliing  of  the  clock),  or  when  it  is  not  so  closely 
fixed  on  any  other  object  as  tii  prevent  it  from  being  attracted  by  the  sen-- 
Rations,  the  sounda  are  not  only  rccogiiizeil  as  [irocctxliiig  from  nil  external 
Bouree,  wbicit  is  a  simplt)  act  of  Perce [itiun,  but  the  seuautiomi  which  we 
perra^ivc  are  diacrimiiiated  from  all  others  of  like  tiature ;  and  it  is  by  tliis 
kind  of  mental  intenaificatioD  of  the  perceptive  change  to  which  they  give 
rise,  that  the  sensations  themselves  are  impressed  with  so  much  adiUtional 
force  on.  our  consciousness,  as  to  seem  estraoi-dinarily  increased  in  acuto- 
nesa.  Although  we  are  accustomed  to  see  this  chiefly  in  cases  where 
Bome  particular  kind  of  perceptive  acutenesa  has  be«n  acquired  by  /labU, 
yet  we  may  loam  from  certain  phentimena  of  Somnambulisni  (both  M[)on- 
taneous  and  artiiictal)  that  nothing  more  is  needed,  than  that  ciiiiceutra- 
tion  of  thew/iuU  m(*fi(/uj>on  the  sensorial  indicutions,  which  is  the  natural 
■tate  of  the  Infant  (§  Glt4). 

"607.  The  attainment  of  that  grailo  of  Mental  development  which 
lies  iia  to  apprelioiid  the  objective  reality  of  external  thjugs,  seeuiaio 
give  us  alHO  certain  cletiicntary  intuitions  In  regard  to  them,  wliich  ai-e 
nearly  nkio  to  the  /eclinijii  immediately  uasociatcd  with  Sensations 
(5  602),  hut  which  constitute  the  germs  (m  to  BpeiJt)  of  higher  forms  of 
consciousness.  Thus  the  -Eat/mlic  sense  of  the  beautiful,  of  the  subliioe, 
of  the  hannonioua,  itc.  seems  in  its  most  elementary  form  to  connect 
itself  immediatc-ly  with  the  perceptions  which  arise  out  of  the  contact  of 
OUT  Miuda  with  external  Natui'e.  '"  All  those"  says  Mr.  Murell,  "  who 
tiave  shown  a  remarkable  appreciation  of  form  and  beauty,  date  their 
first  impressions  firjm  a  jieriod  lying  far  behind  the  existence  of  definite 
ideas  or  verbal  instruction.  The  germs  of  all  their  jlistheticimi)re8aioiia 
mwufest^d  themselves,  first  of  all,  as  a  spontaneous  feeling  or  inHtinct, 
which,  from  the  earliest  ilawn  of  reason,  wua  awakened  by  the  presents^ 
tion  of  the  jihenoiiiena  which  coiTcsjiond  objectively  with  it  in  tlie  uni- 
verse." Tlii'se  intuitional  feelings  esist  lu  very  different  inteusity  in 
different  inilividiuila ;  and  it  ia  where  they  have  most  strongly  moiii' 
fested  ihemaolves  at  a  very  early  period  of  life  (the  sense  of  harmony,  for 
example,  in  the  ijifant  Mozart),  that  we  can  see  how  fundamental  a  part 
of  our  nature  they  constitute,  although  they  may  be  but  faintly  shade  wed- 
forth  in  a  large  part  of  mankind.  They  are  peculiarly  susceptible  of 
development,  however,  hy  appropriate  culture;  under  the  influence  of 
which  they  not  meii'ly  grow-up  in  the  individual,  but  manilest  them- 
Belves  with  im^reosed  vigour  and  more  extended  range  iu  suoiessivu 
generations  of  mankind. 

608.  8o,  too,  there  seems  to  lie  in  this  part  of  our  psychical  nature,  the 
germ  which,  in  a  higher  phase  of  development,  is  evolved  into  the  Mimil 
Sense.  Es[>erience  shows,  a,s  Mr.  Morell  justly  remarks,  "that  an  in- 
stinctive apprehrntion  of  right  and  wrciiig,  a»  attached  to  certiun  actions, 
precedes  in  the  child  any  distinct  coinprdmnsion  of  the  language  by 
■which  we  convey  moml  ti'uths.  Moreover,  the  power  and  the  purity  of 
uoral  feeling  not  unfrequently  exist  even  to  the  highest  degree,  amongst 

boT  numy  itairs  tbere  kre  in  a,  itwr-oue  irhicb  we  ire  in  tbe  lubit  DTnung,  we  may  nut 
be  bLI«  to  DBm?  tbe  uumW;  ;ct,  w)ieu  aMuallf  unnding  or  descending,  we  are  couniona 
thftl  ire  havL-  urivvd  at  the  top  or  ttie  bottom,  by  the  completion  of  thnt  Heiiofl  of  MUiMgiiftl 
changea  vMi^h  hftve  bceome  habituiU  to  lu. 
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those  wlio  never  made  the  quoBtitiii  of  morals  io  any  wny  Ule  (Aijtct  fli 
dii'ect  thought,  anil  niuy  perehunc«  be  UQConscious  of  th«  Ucasorr  Hmj 
possess  iu  their  boaoms."      And  it  tn  only  inao  &r  as  the  d(i(triDna(  | 
Ethical  science  are  based  npon  these  fundatnental  intuitions  of  ouxuBinn, 
that  tliey  posaeaa  a  tirm  hold  upon  our  convictions  a«  neoesBary  trollA—  I 
"  Olu&ely  uoniiect«(l  with  the  Moral  are  the   Religious   istuitioii*  of  tktl 
soul ;   whiuh  ai-e  develojieJ,  more  or  lesa  distinctly  tUDon^  llio  Du£al| 
of  our  Human  Seutimeuts.    iu    that    form    of   Bwe,  veni-mlion.  ui\ 
reverence,  which  is  inspired  hy  objects  of  sublimity,  graDilciir,  vi 
and  mystery." — (Morell.)     It  ia  hy  their  njjpeal  U>  these  inliiiti' 
of  reverence,   and  to  the  Moral  sentiment  of  goodtii^sa.   tlm' 
teacLingiJ  make  their  first  im|iresaion  on  the  understandiug,  ami  luj  UnJ 
foundutiou  for  those  more  ijetiuite  i*lea^  of  the  Diinue  Bring,  t4>«ii4j 
which,  iu  a  higher  phase  of  religiou^t  development,  we  dirvct  "iir  ow-l 
Hciousness   of  ile|ji:D deuce,  and  our  desire  of  self-elevntlon i  ami  «hiA| 
we  invest  intellectually  with  those  attributes  which  repreaeut  out  I 
ideal  of  Power,  Wiadoio,  and  Goodness  (§  61G). 

ti09.  The  Moral  and  Reli^ous  intuitioiis  are  cloaely  Tvbhil  Vi  iham] 
forma  of  our  Kmu(iiiii/:tl  sensibility,  wliicli,  being  no  longer  piin'It  tal-  f 
jective,  require  as  a  comlition  of  their  existence  that  they  rhall  rrlii*'  t»  I 
au  extern^  object.  This  is  pre-eminently  the  ca£c  with  all  tbtiK  wtu^j 
ui-e  termed  'emotiouB  of  aympnthy;'  thus,  the  (lerceptioii  of  lli<i  Jialni 
dittti'ess  of  another  instinctively  eicitea  (eJLcept  in  individuals  of  ■ 
liarly  unsyiiipathetio  temperament)  n  eorrcapoiiding  affection  id  ihr  p«-l 
cipieut  miud,  just  as  the  sight  of  certain  botlily  movements  {to.  nmila^l 
tends  to  call  tbrth  the  same  movements  in  ourselves;  and  tile  uppAStel 
state  of  cheerfidnesa  or  mirth  has  a  like  tendency  to  a<l<<ct  thoije  »Li>  m  ] 
brought  into  contact  with  it,  provided  that  there  be  nothing  |K»iti'djl 
antagonistic  iu  their  own  coudition.  But  further,  the  iicn-vjrtion  ofl 
eujoyment  ealls-furth  a  respoudeut  gMnea;  whilat  the  [vrvej^iuu  ofl 
BufTi^ring  tends  to  excite  in  oursclveN  that  feeling  of  sorrow  wliiri  w*| 
term  piVy,  and  cither  of  these  feelings  may  be  experipnceii,  pvoi ' 
we  do  not  ourselves  share  in  the  state  of  elevation  or  depreMion 
excited  them. — More  closely  connected  with  the  fore^ing  tJian  i«  > 
monJy  conceived,  is  that  seuse  of  the  liuiminm*,  which  attaches  it*rlf  ta| 
certain  manifestations  of  character  ]iresent«^  tu  us  in  the  actiona  v(  iAhatf 
that  tifinjuUhy  ipifA  Hwnw,n  nature  in  which  the  former  have  their  siniri 
beting  the  foundation  of  the  latt«r  also  ;  and  thus  it  hajipened  that 
writers  who  have  the  strongest  power  of  exciting  our  be&ae  of  hun 
are  usually  distinguished  also  by  their  mastery  of  the  pathetic.  To  i 
sense  of  the  humorous,  that  of  the  huiicrmu  is  obviously  roUled; 
tliia,  when  excited  by  ojteratioiiB  of  the  intellect,  instead  of  bjr 
objects,  belongs  to  a  diHerent  categoty  (§  t)l9}.  The  same  may  be  ■>!< 
the  sense  of  wonder;  which  in  its  simplest  form  may  be  conuortod ' 
our  sense-perceptions,  hut  which  is  more  commonly  experienced  ui  I 
to  the  ideas  wliich  they  excite. ^ — Another  group  of  Kmotional  fei 
belonging  to  the  some  category,  isthat  which  may  receive  the  geueralc 
nation  of  JMcoRitoiiii  anil  R^pulgums,  These  aiv  the  elemeutAtys 
of  those  Emotions  which  involve  a  diatuict  iiUa  of  the  objoci  "hid 
attracts  or  repels,  and  which  then  assume  the  forms  of  lUmrtt  ut 
avonuma  (§  619);  but  it  is  in  this  form  that  they  seem  to  net  in  tlte  i 
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aiiimala  and  in  young  children,  whoso  minila  ave  not  yet  fully  developed 
into  the  stage  i>l'  ideational  conacioiiauesa.  The  various  tenns  lite  and 
dUlike,  jMvrt'ialihj  and  dista»te,  hve  and  halral,  which  we  uae  to  signify 
the  modes  in  which  we  ourselves  fuel  aU'ected  by  estcniftl  objocts,  indi- 
cate the  existence  of  this  element&ry  form  of  emotional  tienaibility  in 
on  with  the  jwrceptive  consciouaneas. — There  ai-e  other  emotioniil 
some  of  them  riaing  to  the  intensity  of  pasnunit.  which  seem  to 
ilong  to  thin  category;  but  the  e5ain|i!«i  already  cited  are  sufficient  to 
iUuMrate  the  doctrine  here  conteiided-for. 

610.  It  is  a  chanu-'teriatic  jieculiarity  of  all  the  modes  of  affection  of 
Hie  consciousness  which  bflve  been  now  described,  that,  being  the  imme- 
diate eiciteriences  of  the  percipient  mind,  they  cannot  he  expressed  in 
language,  or  conveyed  by  any  system  of  purjiosive  signs  to  other  minds ; 
although  the  spontaneous  expressions  to  which  they  prom.pt,  may  be 
apprehended  by  other  minds  in  a  coircslionding  state  of  activity.  "  If," 
says  Mr.  Morell,  "  we  look  along  the  whole  range  of  our  intuitions,  we 
find  them  all  alike  nntitterahh.  Thoy  may,  indeed,  be  intensely  yW? / 
their  inward  existence,  too,  may  be  manifested  by  a  thousand  significant 
indications;  nay,  they  can  create  an  impul.se  and  a  sympathy  in  others, 
by  the  very  light  they  kindle  in  the  features,  and  the  power  they  infuse 
into  the  actions  of  those  who  intensely  realize  them ;  but  they  cannot  lie 
articulately  expressed."  It  is  only  when  they  are  evolved  into  those 
repreieiUatice  fornin  y.'\Ac]\  are  termed  Ideas  {^  (ilS),  that  tliey  are  capable 
of  being  expressed  by  a  laugiiage  eitlier  of  tvjng  or  of  aoirnitlg.  Aid  it 
may  be  noticed  that  long  befire  children  have  attained  to  any  compre- 
hension of  these,  they  intuitively  interpret  the  expressions  of  Emotion, 
and  arn  sympathetically  affected  by  them ;  as  seems  the  case,  too,  with 
regard  to  such  of  the  lower  animals  as  habitually  a&iociate  with  Man,  and 
have  acquired  that  sympathy  with  his  emotional  nature,  which  enables 
them  to  recognize  its  manifestations. 

Gil.  Tlie  Intuitional  consciousness  is  not  solely  exercised,  however, 
upon  the  iiuiinswions  transmitted  to  it  through  the  external  senses.  For 
it  appears  to  be  by  a  like  (Uroct  action  of  the  mind  iipju  the  j)n>diicts  of 
our  higher  Psychical  operations,  which  come  to  the  Sensorium  through 
the  '  nerves  of  the  internal  senses'  (5  577),  that  wo  apprehend  these  as 
reaiities  or  necenjinri/  Imlits.  Thus  when,  by  those  Intellectual  processes 
of  which  the  Cerebrum  is  the  iuatnmient,  we  have  evolved  the  abstract 
idea  that  "  things  which  are  equal  to  the  same  thing,  are  eqiuil  to  one 
ftnother,"  we  feel  intuitively  compelled  to  recognize  that  idea  as  a  Bict; 
and  whilst  no  accumulation  of  appeab  to  experience  would  increase  our 
confidence  in  ita  validity,  so  the  assertion  that  exjierience  ever  leads  to  a 
contrary  result,  would  only  call-forth  the  reply  that  such  experience 
■niwil  be  fallacious,  i^o,  again,  all  logical  reiuoning  is  bused  upon  the 
assumption  of  the  truth  of  its  methods,  the  only  guarantee  for  which  lies 
in  an  appeal  to  tUe  intuitional  conaciouaiiesa ;  and  the  concluai<)n  can 
only  be  eertamiy  retied-on,  when  {as  in  Mathematical  proof)  the  basis  of 
the  whole  is  an  axiom  or  necessary  truth,  and  at  every  step  of  the  ail- 
ment the  most  indubitable  certainty  can  be  felt  as  to  the  correetnesH 
of  the  inference. — And  thus,  in  all  depurtmimtn  of  human  knowledge, 
the  vitlma  ratio  is  afibrded  by  our  Intuitional  consciousness;  which, 
within  the  range  of  ite  development,  ia  the  most  certun  and  direct  of  all 
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OUT  means  of  apprehending  trutli ;  nml  wliioli  is  the  fuciilty  tW  ( 
moat  lo  liak  its  to  tiaX  Divine  IiitelligOQOC.  wbuse  all-con) giralHSHif 
thought  takes-in  the  Universe,  with  all  its  jiast,  present,  uul  futim,  I 
but  a  poiot  in  its  Infinite  couceptiou.* 

Gl'2.   Of  Idealid-ii'il  Vonaciouanfsg. — InoaoMiding  the  scaleof  Pbti 
actirity.  we  tind  the  operations  of  the  Mind  beeoming  luorv  niiii 
detached  from  tlie  Aenaatiouol  ohanges  wliicb  first  cxcitvd  thi-m. 
have   seen   that   in   the   first  or  SeuaatioDol   sUgo,  tlie   oanain»aMMB  I 
engrossed  vrith  ad/,  not  being  as  yet   uwake  to   tiie   cxbtmov  of  I 
external   cniiEe   for  the  mh/ceiive  fhange  it  experienoos;    »I, 
second  or  Perceptive  stage,  in  which   thut  tJjje-ctice  cause  is  a; 
ns  somethiiig  not-adf,  the  mind  ia  entirely  given-tip  to  the  fiiii'iulj 
of  it;  and  recogniTcs  its  properties  as  tlie  sources  nf  the  variwis  afT 
it  experiences.      Some  of  those  affections  rckto  to  kwm'ifii'jt, 
others  pai-talte  moi-e  cf  the  nature  of  /eeli/ui :  hut  in  all  nf  iheiu  ' 
cipient  miud  is  brought  l^ice  to  foee,  as  it  were,  n-itb  the  object  ]■ 
and  the  intuitive  knowledge  which  arises  icota  this  dii-ect  rrUtiua,! 
certuinty  to  which  no  other  kind  of  knowleiige  can  \av  cluiiii.      Bol  il  I 
not  untiJ  the  Mind  attains  a  still  liiglier  kind  of  activity,  tji&t  it 
that  distinct  menial  rrpresentalioH,  or  ldai,i  of  the  object,  whiHi  . 
altogether  apart  fi'om  our  immediate  experienoe,  aud  ■kbiirii«  iho 
racter  of  an  indejteudeut  intellectual  reality.     In  funning  tliii 
representation,  the  mind  in  determined   by  the  natniT!  nnd  iiit^'i) 
the  various  affections  of  its  consciousness  which  have-  Ii«mi  ex 
the  object;  and  aa  these  will  depend  in  part  u|)on  it«  urigiiuil 
tion,  and  in  jiart  upon  the  mode  in  which  it  has  been   liAbitatillj 
cised,  it  follows  that  the  ideas  or   mental  represeututions   r>f  thtl 
object  or  occurrence,  which  are  formed  by  different  iuiIiviJu^,  i 
widely  discrepant.      Tliis,  indeed,  continually  prores  to  be  tbe 
we  cannot  have  a  better  example  of  the  &ct,  than  is  aHurded 
variety  in  the  modes  in  which  the  »ame  landscape  bUoII  be  de 
diSercnt  Artists,  each  expressing  in  tm  peculiar 'manner'  thei 

*  On  all  thftt  raUtBa  to  th«  Ptrrctiptive  :tQd  iDtnitinruiJ  CouMiMUiuii^  : 
Mr.  J.  D,  Mi'reirfi  '*  Elementa  of  Psyuhdlitgy,"  Fnrl  j,  chap,  ir, 

■f  The  Authiir  thtakii  it  uidcu  tu  ealsr  luUi  thv  cnriuirj  vhidi  hu  been  iIm  i 
uf  n>  many  ubKtru»e  iui4  luhgnred  MctApliyBiral  diBriiiiBiont,  aa  to  vhelbvt  iiatttt^lti 
iJrui  ori|^ijiat«  alt^gL'th^.T  mit/iout,  or  altogether  within^  the  MinrI ;  itr  lartlf  Tilhrtll 
partly  within.  It  vill  Le  HuffiL^ient  fur  bim  to  fipres»  hia  .tvu  ciinTirtioa,  tlul  tk  II 
iB  the  onlj  t^onsislent  moiU  ft  viemrg  the  BiilijorU  ami  in  Ihnt  at  »hii-h  anj  n^virai 
arriyu,  whii  i!i(u'iiB*e»  all  the  fsets  uf  the  («ae  ai-cuniini;  t.i  Xbv  Imp  rottbixl  .f  S^ 
reaoonhii;.  An  JdL-a  raa  (lO  mk>re  crirrectly  l>e  <lef<i;;nai«J  a  '  tnuMfunacd  ■■■^tfc'q^' 
a  sflDsatioD  coald  be  iJL'«igDat«d  a  Lraaafitnutd  imprcaiKm.  Th?  "tm  is  tmUvt^a^i  I 
othtar  is  uooBeqntiat.  Aad  juat  aa  aa  eiectrli^l  or  cbemii:al  tFtimulao,  applied  la  i  Mtt 
calk  it  iuto  rontiactioD,  iwdods  the  Beoaitiuual  i^litnulut,  oc^ng  on  the  (icrdp^alL 
meiK  an  idea  of  the  object  which  gave  <vi3uiiuD  to  the  MuuatiaD.  On  tlic  i-lfcfr  I 
aftinu  tliat  ideaa  are  either  '  iiiuate,'  or  arc  ia  anj  wa;  pitiduceil  I7  tb(  UM  I 
without  orlglual  ejicilemeat  bj  Bcobationa  ab  crfm,  ia  a  po^tioa  ho  vnLinjT  naivii 
with  eiporionce,  aa  not  to  bear  auj  careful  ncratiny.  The  rurmsliun  uf  li!.«^  thm,  mal 
couaidered  ai  the  reaction  belweea  the  Kiterual  World  aud  ih(<  latcUijinit  HU;  I 
latter  posseaiing  witbic  itself  ccrlAiu  {iropertiea,  which  the  impceauona  made  nia  it  1 
tiie  farmer  are  adapted  to  call  inlo  active  exercise.  — For  a  oattoiac  view  af  Im  ly*" 
doctrinGa  which  have  been  propounded  on  thib  subject,  ami  their  bearing  on  tb*  "Ca 
idea"  which  reals  on  "  the  prituarj'  hartnonj  lietwecn  the  Soul  and  tli»  rninea,*! 
Mr.  J.  D.  Murell'B  "  Klementa  of  pBycholog},"  pp.  2QS,  <t  kj. 
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tion  ■wliich  liis  Mind  has  fbruit'd  of  that  napect  of  Nature  ivbieh  it  has 
contompliited. — The  influeniM!  of  jirecoiiceived  nnliims,  or  of  the  j'edinga 
by  which  the  mind  is  hnhitiially  |ioBseaaeil,  miiy  be  eoiitinuidly  recognized 
by  the  obaervaiit,  as  modifying  the  iileaa  wlijch  eveiy  one  focms  of  what 
h  preiiented  to  Lis  obwrvatiou  ;  and  it  is  hy  an  exaggeration  of  such 
influencea  that  those  miVrepresetitations  an?  made,  which  in  oortain 
fiitiiia  of  Insanity.  poRsess  the  mind  of  tlie  subject  of  them  with  coavic- 
uon^  that,  to  every  one  else,  are  palpalily  inconsiatent  with  reality 
{j  711). — This  want  of  conformity  between  the  ideal  and  the  actual  is 
peeuliarly  apt  to  arise  iti  the  minds  of  those,  who  Hve  too  mucli  in  the 
former  and  too  little  in  tlie  latter;  for  in  projiortion  as  t!ie  niind  dwells 
too  eicliiaivcly  upon  its  own  conceptions,  and  refniina  from  bringing 
theBe  into  contact  with  the  realities  of  every-diiy  life,  do  abervatioiis, 
wliich  wouJd  speedily  be  cheeked  by  experience,  pitigressively  ac<[uire  a 
pre[>on derating  iuflueuce,  until  at  last  they  may  acquire  the  character  of 
settled  debisions,  and  may  altogether  upset  the  balance  of  the  intellect. 

613.  The  whole  tendency  of  the  ideational  activity  of  the  Mind,  is 
thiLs  to  separate  the  representation  which  it  forms  from  the  restraints  of 
outward  cxr»erieiiee,  as  completely  as  poasibie  ;  so  as  to  make  it  a  distinct 
and  intelligible  object  of  contemplation,  which  can  be  pluced,  at  plea- 
enre,  either  within  or  beyond  the  gra*p  of  the  conBciou.^mess  at  the 
nionieut.  Now  for  the  perfection  of  this  iibjtHilifiitg  process,  it  ia 
mjoisite  that  we  shonld  poRsesa  some  mode  of  rij/ii^itiff  our  ideas,  ho 
lloit  they  may  at  the  Game  time  be  made  clear  and  diatinct  to  onrselvrai, 

be   rendered  intelligible  to  other  minds.      This  may  bt!  uccom- 
.  by  Diean.s  of  glffnt  riaible  to  the  eye,  or  tmnsmissible  throit^h  the 

L ;  or  by  nieaus  of  spoken  lantpiiuif,,  in  which  certjiin  combinations 
of  sounds  are  m.Mle  to  symbolize  ideas.  Now  the  neai-er  the  signs  em- 
ployed are  to  the  n/itiirrd  expi-easions  of  the  ideas  for  which  they  are  to 
EiAiiil,  the  more  rejuHly  are  they  comprehended  by  those  to  whom  they  are 
■ddrieesed  ;*  but  their  ran;^e  is  iieceaHirily  very  limited,  and  evf-ry  fiimily 
of  Mankind  has  xubstitut^^d  for  them  a  set  o!iirbiti-wty  sounds,  which  ore 
not  wnly  much  more  perfect  in  tliemselves  as  instnimenta  for  the  expression 
of  ideas,  but  are  ciijiahle  of  being  made  to  convey  (by  means  of  that 
wonderful  apparatii.s  oi  articuUttian  with  wliieh  Man  is  provided)  an  un- 
limited variety  of  meanings,  with  every  kiud  of  relation  of  these  which  the 
mind  can  conwive.  In  proportion  a*,  by  inflexion  and  cotuliinatinn,  a 
language  is  cafiable  of  i"eailily  and  jirecisely  eniboilying  the  ri'aulta  of  the 
intellectual  priwesscs,  in  th.it  profiortiou  can  these  reaidta  be  objectifiml 
liy  the  inrlividnal,  and  be  thus  made  the  biisis  of  further  operatiomi ; 
and  in  the  same  pr^iportion  can  they  lie  clearly  presented  to  the  minds  of 
others,  and  be  employed  by  them  for  the  same  purpose.    Thus  whilst  the 

•  Tbe  de«f-»Dil-ilom!i  nra  trainBil  to  rwmmunicnte  with  each  other,  not  merely  Ijj  the 
' fiag<ir-lui|ni>iee, '  lij  whii-h  wunls  are  ftl[>hftl>eticiiily  h[w11oi!,  but  nlflo  liy  tlie  'nicn-lsiJ- 
gaj^^  bjwUtcb  i'leAH  ikTti  coQvvje'i  tlirr>ugh  tivs  taw\\  miJtt  direct  raeiHuiiL  nf  single  a j{-ae. 
Thcaft  fi^A,  though  partly  coQTcntiucnl,  an.'  made  (o  Conform  a-R  nenrlj  lU  pofdble  to  th« 
wttaral  eiprenioiu  of  idetiB :  and  arc  usUKlly  sntuired  ri>rj  qnickl;  bj  the  dear-nnd-diuuh, 
vhrne  milt  of  other  mdim  of  utterance  furoeii  into  iicti*iC]'  a  mode  of  expressing  their  ideaa 
uul  mnoUons,  which  la  nnneceaajuy  to  thotw  who  hove  the  cotdmiuid  of  langunge,  aud  ia 
o/usB|aentlj  but  little  eicrleil  bj  Uitm.  Young  children,  however,  who  naocinte  much 
with  the  ii«if-nnd-dumb,  very  resililj  aciulrt  thiii  '  BJuTi-lcngQiige,'  and  will  often  prefer 
tin  cuotiuaeil  uh  oF  it  to  the  aciiuiremimt  of  tp{i:cn  language. 
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Btmctare  nf  the  Lmgna^  of  any  ].ieoplo  is  to  a  certain  estent  B  measure  i 
of  its  mental  development.  It  cnmea  to  exert  a  most  im{)ortaiit  inSueoce 
over  the  furtlier  progress  and  direotjon   of  that  development ;  different 
Isnguiiges  lieiiig  in  their  very  nature,  lulnpted  for   the  ejt|iression.   both 

of  diffei-flnt  vhimes,  and  of  different  rdaiioii»,  of  ideaa. — -Although  some 
have  maintained  that  words  which  are  iised  to  desi^ate  external  olfjectA 
iLTe  the  signs  of  those  object^  and  that  xuch  w^ords  form  a  class  distinct 
from  that  of  the  words  which  stand  &s  signs  of  abstract  ideas,  yet  a.  little 
consideration  will  show,  that  except  in  the  case  of  proper  n/inuM*  which 
are  only  applicable  to  individuals,  aU  ivonis  really  espress  generaliMd 
inwge*  of  the  objects  to  which  they  refer.  Thus,  if  we  attempt  Ui  define 
the  most  faiuiliiir  object,  such  as  a  Itouse,  a  table,  or  a  basket,  by  any 
verbal  description,  we  find  it  extremely  difficult  to  frame  u  definition 
that  shall  include  nil  houses,  all  tables,  all  biLskets^  notwitli standing 
that  our  idfa  of  a  house,  of  a  table,  or  of  a  basket,  is  siiilicieatlj  precise 
to  enable  us  to  say  at  once  with  regard  lo  auy  particular  object,  whether 
it  dof.li,  or  docg  not  fall  under  one  of  tliBso  categories.  Hence  tliey  do 
not  apjteal  directly  to  the  intuitions  of  other  minds,  but  must  be  com- 
preheixled  by  ti-anslntion  tlirough  efieir  idiMitional  conHcioii«ne«is.  Thus  i 
it  is,  that  as  expresaions  offoeling,  words  are  often  less  potent  thiiu  tones 
or  gestures,  which  ilirectly  appeal  to  the  eiimtiooal  sensibility  of  lh» 
percipient.  And  thus  it  k,  too,  that  words  have  no  ab^oluti'  nieamng, 
hut  can  only  signify  to  each  individual  the  ideas  which  he  is  prepared  by 
his  previous  habilft  of  thought  to  attach  to  them.t  Wonls,  in  fact  (a 
Mr.  Morell  has  justly  remarked.  Op.  cit^,  p.  19-t),  "  represent  simply  a 
eoume  o/iiteidal  acllon,  in  which  we  grasp  the  essential  elements  which 
distinguish  one  thing  from  another,  and  make  those  elements  apont»- 
neously  the  ground  for  a  cla^iheation  of  our  multifarious  experiences. 
In  this  way  it  is.  that  they  serve  to  construct  the  more  genenJ  outline* 
of  human  knowledga  Hence  the  wonderful  power  which  words  ponoM 
in  the  whole  process  of  human  thought;  heuis^  the  ea]Micity  they  attain. 
aJler  the  teachings  of  expeiionce  have  jvaved  the  way,  for  expi-esaing  th«  ^M 
very  e.'wcnce  of  the  things  ti>  which  they  relate ;  hence,  too,  their  use  in  ^| 
forming  a  broad  platform,  on  which  the  results  of  all  the  lower  pro-  ^^ 
ceases  of  mind  are  plainly  recoi-ded,  and  fi-oin  which  we  can  eommeoce 

*  To  tho  cliilc]  Rnt  Imnuiii;  tbe  uiw  of  1uigiui|^.  evsry  nouD  U  nriginatl;  a  proper  otmt. 
iitandiiij;  ap  the  fytDb"!  of  the  ijHilfi'lttal  objtvt  vith  v1iii?h  it  Icatmii  to  anocuUe  it ;  b«l 
it  IK  verv  enrly  Icii  by  tlie  fmniliiir  Qxijuriencofl  of  it^  nutHti7.  t/>  apvlj  ffuch  vanla  am  ohiir, 
tsblii,  beil,  lo  rln/itei  of  objivtB,  ojid  Iliiii;  Ut  apprwiale  liicir  signiGouice  « ijinhaU  </ 
pnwnliKd  ur  aliatmot  iileas.  Anii  wbi^n  tbnt  pn-cctn  bu  lieea  iuvuini>IL<<li»l  in  t  Tc* 
insbiacfB,  Ibe  cbilJ'a  iotfllci^  toon  cit^mltL  it  to  othom;  its  rkiel  activity  in  this  lUlc  at 
Hn  dpvel^pniuot,  b<;ing  itiroctiHt  t^i  tbt-  <:\]rnDi4]im  nod  multiplii'AtioD  >>f  its  IdtliB. 

f  Thuii  fvt^ry  hrJADr-.li  -.it  kno^f  lo^Jge  ban  ii»i  um'd  biiijjiiuuti,  tltc  tenus  of  which,  9TVa 
wbpn  id(.iiiWi'»l  with  wonls  in  onli»nij  nae,  cau  imly  murtv  (L'-ir  full  and  pccaliar  ngnUl- 
ctttivo  tu  those  irh'i  have  ilrenilj  ^Biiii?)  ui  oiU'dhivo  iH)i]UUUtHii(¥  irith  llie  dejMuimenl  i/ 
thought  to  wliich  ihej  ruiiLte-  So  io  rouderin};;  frum  one  ("ngau  iuto  another,  grmt  rtiff- 
cnltf  IB  coDtinuidly  eijitiricucvJ  in  Iho  choiire  of  word^  whii'h  fthall  otmTcy  !□  th«  tnadi- 
tioQ  the  precipe  i<lau  niguified  lii  the  original ;  the  diltiiiuK]'  being  gmtUit  in  proponioa  H 
the  ditctailj  betweeii  the  hnbiM  uf  Ihnntht  of  tlii!  two  nBtion*  niiipeiTlJTel}.  W»  en* 
scarcely  huvo  n  more  'pregnant  iriAt4nee'  of  the  obatn^f^tien  Ibas  created  to  the  tnuomit- 
sion  of  idcns  thnrngh  laagiiiiire,  by  the  ite^'nlijLritj  of  M'ietititic  terminology  in  a^mbtDatiM 
with  divtmity  of  nntionttl  huKitTide,>4  i>f  tbungbl,  tliau  in  prv«ented  in  tbi:  ntlcnipt  Ut  Md^ 
the  nlitnc t  rcQneinviite  of  tJ«nnaa  MeUii>hyii(s  vithin  tjip  catnprchpniiioo  al  t  ' 
Koae'  Bngtiili  mind. 
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I  higiier  forms  of  a(;tivity,  wliidi  givo  to  Kenaun  ila  all  but  infinite 
miigo,  and  al!  Imt  oniiiipoteut  force." 

f)14.  TLert;  are  certain  Ittean  wliicb  Beein  almost  uecesBarily  to 
ajiriug-up  ill  the  IMind,  during  tlie  ccmriie  of  its  ou'U  opfi-ationa ;  and 
these,  being  suggested,  not  so  much  by  ])erceptioua  of  external  ob- 
jecta,  as  by  observation  of  wliat  is  takiu),'  jiiaco  in  the  Mind  itseif,  are 
imctimes  distinguislied  as  inlellectual,  in  contrast  to  utiiSfdioiiid  ideas, 
universally  do  these  present  tliemselves  to  thinking  niimls,  bo 
little  ai-e  they  subject  to  modification  by  peculiarities  of  individuiil 
ohaiBcter  (whether  original  or  nt-quired),  aud  .lo  uuliesitatingly  are  they 
recognia.-d  aa  triithH  when  they  are  jiid^l-of  by  the  Intuitional  con- 
BoiouanesK,  that  they  take  rank  as  funitami'nial  iixioin^  or  principles  of 
Hiunjvn  Thought.  Such  are, — the  belief  in  our  own  present  ej-inUiici',  or  the 
fiuth  which  wo  repose  in  the  evidence  of  Consoiousneas;  this  idea  being 
Decessarily  aasociatod  with  every  form  and  condition  of  mental  activity : 
—  the  belief  in  oui'  /«!«(  e-cinltnce,  and  in  our  jiernuital  identUy  so  far  aa 
our  memory  extends,  which  is  necessarily  connected  with  the  act  of 
■coUeetioa ;  with  thij<,  again,  is  connected  the  general  idea  of  Time; — 
.0  bt^lief  In  the  t^tnuxl  and  iiulppettdent  ejrinlejice  of  the  cauaea  of  oni- 
Beusatioiis,  which  results  from  the  direction  of  the  mind  to  the  Per- 
ceptional ideas  originating  in  them ;  with  this  is  connected  the  general 
idea  of  Space ; — the  belief  in  the  existence  of  an  rJkieiU  ciiiue  tor  the 
changes  which  wo  witness  aronnd  us,  which  springs  from  the  perception 
of  thofw  chaiijses;  whencoia  derived  our  idea  of  Power; — the  belief  in 
the  stiibUlty  of  t/ie  ortUr  zif  mil/ire,  or  in  tlie  invariable  i>e<|UencB  of 
similar  effects  to  similar  causes,  which  also  springs  directly  from  the 
perception  of  external  changes,  and  tieums  prior  to  ail  reaaoniug  uj)on 
the  results  of  obBervation  of  them  (being  observed  to  operate  most 
strongly  in  those  whose  experience  ia  moat  scunty,  aud  in  relation  to 
subjects  thiit  arc  perfectly  new  to  them);  but  which  ia  the  foundation 
of  (ill  applications  of  our  own  exjwrience  or  of  that  of  othera,  to  the  con- 
duet  of  our  lives*,  or  to  the  extension  of  our  knowledge; — lastly,  the 
belief  in  our  own  /tvg  will,  iiivoh-ing  the  geneinl  idea  of  Voluntary 
Power;  wliich  is  in  like  manner  a  direct  result  of  our  internal  peruej)- 
tion  of  those  mental  changi'a  which  ai-e  excited  by  sensations.  Hence 
it  is  evident  ttuit  "  the  only  fouudiitioii  of  much  of  our  belief,  and  the 
only  aouree  of  much  of  our  knowledge,  is  to  be  found  in  the  constitution 
of  our  own  minds]"  but  it  must  be  steadily  kept  in  view,  that  these 
fundnniental  Axioms  are  nothing  else  than  expressions  of  the  general 
fact,  that  the  ideas  in  question  are  uniformly  excited  (in  all  oi-dinarily- 
constituted  minds  at  leaat)  by  umple  Attention  to  the  changes  in  which 
.ey  originale. 

G15.  Among  those  elementary  modes  of  thought  which  arise  out 
the  constitution  of  our  own  minds,  wo  must  also  rank  the  ideas  of 
Truth,  IJiauty,  and  Right,  wliich  intuitively  present  themselves  to  our 
consciousness,  in  connection  with  certain  objeota  or  occurrences  respec- 
tively adapted  to  I'Xcite  them ;  the  first  connecting  itself  esjieciiilly  with 
the  opei-aliona  of  the  Reason,  the  second  with  those  of  the  Im^ination 
as  direcU'd  by  the  ^Esthetic  Sense,  and  the  tlur.1  with  the  deterniinntiou 
of  the  Vrill  in  the  regulation  of  conduct,  under  the  guidance  of  the 
Mural  SeuiiO. — TriUh  may  be  defined   to  be  an  apprehension   of  the 
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rolatioM  of  thinRs  as  tliey  actaally  exist ;  and  the  conception  of  troth, 
which  is  originally  based  upon  sensational  id«as,  conies  to  be  also  applied 
to  those  which  are  purely  iot-ellectual. — The  notion  of  Beniiiy,  the  germ 
of  whjcli,  as  we  hnve  w^en  (§  CfJ7),  exials  in  the  Intuitional  Conscioiisnesa, 
is  one  tliat  is  very  difficult  to  define ;  hut  it  seeina  to  consist,  when  fully 
develo]>ed,  in  the  conformity  of  an  extorual  object  to  a  cert^n  ideal 
Btimdiini,  by  which  confoniiity  a  pleasurable  feoling  is  produced.     That 
ideal  Btandnrd  ia  a.  work  of  the  IiniL|i;icatioa,  and  is  generuted  (by  a  kind 
of  automatic  proceaa)  by  tlie  eliiniuation  of  all  thoai!  elejneuts  which  wo  j 
nvognize  aa  inferior,  and  by  the   intensification  an<I  completion   nf  all  I 
those  which  we  regard  aa  excellent.      Hence   according   to   the  lesthetioi 
judgment  which  every  individual  ]ironounces  aa  to  these  particulars.  «-ill  ■ 
be  his  ideal  of  l)cauty.      The  notion  of  beauty  extends  itself  also  to 
the  pure  conceptions  of  the  Int4?l!ect;  and  thus  we  may  experience  the 
aense   of  beiiuty   in   the   recognition  of  a  Truth.       We   experience  iho  ' 
sense  of  beauty,  too,  in  witnestung  the  conformity  of  conduct  to  a  high ' 
standard   of  Moral   excellence;  which   excites   in  our  minds  a  pleasare 
of  the  same  order,  aa  that  which  we  derive  from  the  cont*ioplation  of  « 
noble  work  of  Art — The  idea  of  Right,  also  suggested  by  the  Intuitional 
conaciousnosa,  councctfl  itself  with  voluntary  action.    We  have  no  feeling 
of  ajiproval  or  disapproval  with  i-es]>ect  to  actions  that  are  necessarily  con- 1 
nectud  with  our  physiad  well-being;  but  in  regard  to  most  of  thoae^ 
which  are  left  to  our  choice,  it  is  impossible  to  fed  indiffci-ent ;  and  lh» 
uphere  of  operation  of  this  princijile  becomes  widened,  in  proportion 
the  mind  dwells  upon  the  notion  of  Moral  Obligation  which  arises  out 
of  it.      Then,  too,  the  idea  of  Right  is  brought   to  attach  itaelf  Ui 
thoughts,  as  well  as  to  actions;  and  this,  not  merely  because  the  right 
regulation  of  the  thoughts  is  porct'ived  to  bo  essential  to  the  right  rv^x- 
latiou  of  the  conduct,  but  also  because  the  mind  intuitively  perceives  that 
whatever  we  can  govern  by  the  Will  has  idso  a  moral  aspect. 

616.   Closely  oonneotei!  with  many  of  the  foregoing,  and  ari^ng  in  mo 
minds  from  aome  or  other  of  them  by  the  very  nature  of  our  psychical] 
constitution,  are  those  ideas  wliich  relate  to  the  Being  and  Attribiit«s 
the  Deity.     There  is,  in  fact,  no  part  of  Man's  psychical  nature-,  which 
does  not  speak  to  him  of  the  Divine,  when  it  is  rightly  questioned.     The 
very  j>erception  uCJinile  exiatence,  whetlier  in  time  or  space,  lends  to  the 
idea  of  the  Infinite.      The  perception  ot  dejieniienl  existence,  leatla  to  th«^_ 
idea  of  the  3elf-oxistent      The  perception  of  change  in  the  external  warld,^| 
leads  to  theideaof  an  Absolute  Power  na  its  source.    The  perception  of  the ^^ 
order  and  constancy  underlying  all  those  diversities  which  the  surfitM 
of  Nature  presents,  leads  to  the  idea  of  the  Unity  of  that  power.     Tlisi 
recognition  of  Intelligent  Will  as  the  source  of  the  power  wo  oursulvM  j 
exert,  leads  to  the  idea  of  a  like  Will  as  operating  in  the  Universe.      And 
our  own  capacity  for  reasoning,  which  we  know  not  to  have  l)een  oLtaincd 
by  our  individual  exertions,  is  a  direct  testimony  to  the  Intelligence  of  tlis 
Being  who  implanted  it. — So  are  we  led  from  the  very  existence  of  onr 
Moral  Feelings,  to  the  conception  of  the  existence  of  attributes,  the  flkmc 
in  kind,  however  exalted  in  degree,  in  the  Divine  Being.      The  sense  of 
Truth  imjiliea  its  iictufd  existence  in  a,  being  who  is  Himself  its  soutm 
and  centre;  and  tlie  longing  for  a  yet  higher  measure  of  it,  which  is  , 
experienced  in  the  greatest  force  by  those  who  have  already  attained  ' 
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traeat  and  widest  view,  is  the  testimony  of  our  own  eouJa  to  the  Truth  of 
the  Diviiie  Natui'&    The  pei-oeption  of  Right,  in  like  maunur,  leads  ub  to 
the  Abaolute  lawgiver  who  implanted  it  in  our  oonBtitutiou ;  and,  as  liits 
been  well  remarked,  "all  the  appads  of  iniioceuca  agoiiiat  uiirighttHnia 
force  are  ftj)]ieals  to  etenial  jitatico,  aiid  ail  the  visions  of  moral  purity 
»re  glimpses  of  the  iuSuitti  execllenee."      Tlie  UBpirations  of  the  mask 
exalted  moral  natures  after  a  yet  higlier  state  of  Holiness  and  Purity,  can 
only  be  satisticil   by  the  eoutemplation  of  such   i>erfection  as  no  luej'ely 
Human  being  has  ever  attained  ;  and  it  is  only  in  the  contemplation  of 
the  Divine  Ideal,  tliat  they  meet  their  appropriate  object.     And  the  senti- 
ment of  Beauty,  esjiecially  as  it  rises  from  the  material  to  the  spiritual, 
passes  beyond  the  noblest  creations  of  art  and   the  most  perfect  reidiza- 
tiou  of  it  in  the  outward  life,  and  soars  into  tlie  region  of  the  UuBeen, 
where   alone  the  imagination  can  freely  expand  itself  in  the  coutem- 
plation  of  such  Beauty  ae  no  objective  represeutation  can  embody. — 
And  it  is  by  combining,  so  &r  aa  our  cajiacity  will   tulmit,   the  ideas 
which  wo  thus  derive  from  reflection  u]ion  the  facts  of  our  own  conscioua- 
oeas,  with  those  which  we  draw  from  the  contemplation  of  the  Universe 
around  ua,  that  we  Ibnn  the  justest  conception  of  the  Divine  Being,  of 
which  our  finite  minds  are  capable.     We  are  led  to  conceive  of  Him  as 
the  Abaoiut*.  Uuchacgeable.  Self-Existent, — Infinite  in  duration, — Illi- 
mitable in  sfiace, — the  highest  ideal  of  Truth,  Kight,  and  Beauty, — the 
All-Powerful  source  of  tliat  agency  which  we  recognize  in  the  pLenoniena 
of  Natiu^, — tlie  All-Wise  designer  of  that  wondrous  plan,  whose  original 
jierfeetion  is  the  real  source    of   the    uniformity  luid    harmony  which 
we  recoguize  in  its  ofieration, — the  All -Benevolent  contriver  of  the  hayi- 
pincsu  of  Hia  sentient  creatui'cs,— the  All-Just  di.'ipoaer  of  events  in  the 
MotaJ  worlil,  for  the  evolution  of  the  ultimate  ejiiia  for  which  Man  was 
called  into  existence.     In  proportion  to  the  elevation  of  our  own  apiritual 
nature,  and  the  harmonious  development  of  its  several  tendencies,  will  be 
the  elevation  and  hannoniousnoss  of  our  conception  of  the  Divine ;  and 
in    proportion,  more   particularly,  aa  wo    succeed    in    nUBing  oui'selves 
towards  that  ideal  of  [)crfection  which  has  Itcen  gmcioualy  presented  to 
iia  in  the  "  well-beloved  Sou  of  God,"  are  the  relations  of  the  Divine 
Nature  to  our  own  /ell  to  be  more  intimate.      And  it  ia  from  the  con- 
sciouanesa  of  our  relation  to  God,  as  Hi"  oreatureH,  as  His  children,  and  as 
independent  hot  responsible  fellow- workers  with  Him  in  acoonipUshing 
His  great  purposes,  that  all  those  Ideas  and  Sentiments  arise,  which  are 
designateil  as  Keligious,  and  which  constitute  that  moat  exalted  portion 
of  our  mitm-e,  of  whose  continued  existence  and  yet  higher  elevation  we 
have  the  fullest  nssuranee,  both  in  the  depths  of  our  own  Consciouanesa, 
and  in  the  jiromLsca  of  Revelation. 

617.  It  has  been  usually  considered  by  Uoraliats  and  Theologians, 
that  CoiMeicnce,  or  the  Moral  .Senile,  is  an  autocratic  faculty,  which 
nomistoteably  dictates  what  is  right  in  each  individual  case,  and  which 
should  conse(|ucntly  be  unhesitatingly  obeyeil  as  the  supreme  and  uner- 
ring guida  Now  thia  view  of  the  case  ia  attended  with  practical  liifG- 
culties,  which  make  it  sui-prising  that  it  can  ever  have  been  entertained. 
For  it  must  be  obvious  to  every  one  who  carefully  considera  the  matter, 
that  whilst  a  not!<yii  11/ right  and  ion?ny.  attaching  itself  to  certain  actions, 
is  as  much  a  jiart  of  the  moral  nature  of  every  individual,  as  the  feeling 
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of  pleritmre  or  pain   attacliiiig  itsi-lf  to  certain  ebitos  of  emu 
is  of  liU  MnBational  imture,  yet   tlie   iletenuiuatinn  of  lekat  n  tig^t  uA' 
icIuU  is  wrong,  if  b  matter  ia  gre&t  degree  de{>eii<Iciit  ii|ioii  nlaat.tii«, 
baliits  of  thought,  conventionul  aBsocUttons,  int.;  no   )!"' 
Btaiidard  of  no  two  men  Hhall  b?  pi'eciBely  alike,  aiid  thi'  < 
of  men  brought  up  under  entirely-different  circunutancv*  -n  ■ 
moat  opposite  niiture.*     Sd,  whilst  tlie  notion  of  n  Cud  sue' 
direct  rolntion  to  iis,  involves  the  notion  of  Duty,  which  ultiu  I 
all  actions  witli  whidi  He  can  be  considered  a»  hiivini;  any  • 
dictal-eja  of  tlm  Bciise  will  vary  with  the  ideas  enttrt.uiieil  rv  , 
character  anil  ri-quiromeuts  of  the  Deity;  and  actions  iiuiy  I 
regai-dwl  as  an  acceptable  sacrifice  by  ooe  class  of  ri'liiji'iiiiiU,  «1 
loatht-d  B«  luirViaruus  and  detestable  by  another.      Moti-over.  in  wfc 
been  deugoated  ns  "cuses  of  conscience,'  the  tii<«l  eiiliL' 
may  have  a  difficulty  in  deciiUng  what  is  the  rifjht  cunrw-  ■  ■ 
becaiiae  the  '  moral  sense'  tinda  so  much  to  approve  om  Uith  ni-ln^  | 
cannot  assign  a  preponderance  to  either.    And  tin-  »iiin<'  <lilfii-tilly  i 
the  determination  ofi'eligioiis  Duty,  in  many  [xviiliur  contjiic'''"''''''; 
of  two  or  more  possible  modes  of  action  being  ivcoiiunoiiiJin!   '■•    ■'  ' 
formity  to  the  Divine  law  on  certain  points,  whibt  it  scrmsi'i 

on  othei-H.     Thus,  iudividtmls  in  whose  characti-rB  the  love  •■;  „ 

at  justice  and   the  beiu^viiUiit  affections  are  the  prouiinent   frat'iiTO,  i 
who  would  Hlirinlc  with  horror  from  any  violation  of  tbiw*  priiji-i)it« 
action  for  any  selfish  jitirpose   whatever,  arc  sorely  porpltixivl  wlu-u  I 
are  brought  ijito  colUaioa  with  (aich  other;  a  strung  niotiti'  i«  loUJ 
faUeiiood  (for   example)    being   pivsented    by   the    ilesire  to   pnilnct] 
defenceless  fellow-creature  from  unmerited  oppression  or  dcath.t 

618.   If,  then,  neilher  the  Moral  aeuse  nor  ilie  sense  of  ItcliEiousl 
affortla  a  clear  and  nuvaryiiig  nile  of  iictinn  in  each  indirido^  o 
evident  that  the  detertiiination  of  what  is  rii/ht  and   u-<n.>ny  Dil 
matter  of  rui/ijitieiif ,'  the  nile  of  Moral  action  being  bas>"il  on  a  ckiiiij 
of  the  r-.'Jativo  noljilily  of  the  motives  wjiich  impel  ub  to   either  i 
and  being  decided  by  the  prefer^^uce  which  is  accorded  to  oat  tnutifti 

*  WithoDt  liaiing  recourse  to  the  nintniie  mtiniiiteH  uf  ri),'lil  anJ  wronfi  *h 
amurigst  Sava^  mittoDs,    fur  ild   illustnitioD  uf  tLin  |H>xLtiun,    il    mnj  be 
onmparp  the  ^ifierent  Tiew§  coin*cirttiiiitUflf/  enttrtaJDed  on  thv  quofltkra  at 
bigli-mindeil,  GSlitnsble,  uid  Ctiribti&u  meii  aud  women  in  dlfFiinat  pwta  of  th*  J 
U  111  an. 

+  Thm  if  0  man,  who  might  be  nrged  to  ctincml  ■  fngilire  at»Tc  B*>r  tli» 
frontier,  were  to  rtfnw  to  do  tu  merely  on  th«  frar  of  un|i|caaiiit  «)n»e<|u«K»«  |.: 
be  oonld  be  jniiCi;  hmiided  with  thecbnrafl«T  of  ■  culd-burt^i  i-uwun! ;  hnt  ifbi 
ulinuld  proceed  Ironi  tlie  ei>ncietiun  tliM  tbe  Divjue  L«w  requim  lli'  pxrtrmmrti  i 
truthfiflueM  ovor  every  otJii;r  motive,  iind  tlmt,  by  fttucealin^  tlii-  i(iL|t|-ttiant,  b*  i 
furced  into  u  Tiolntiiin  of  tliot  law,  ha  cauiiol  liu  blaiDvil  evtn  hy  thr>ec  vba 
the  law  of  eonipwiiuB  written  opun  our  henrls  in  nl  l™u.t  liiubIIj  in)r«T»lii»- 
diffieultiea  hcset  the  uphuldvrs  of  the  nnn-mislnnrv  orord,  which  Isarhf*  Untt  I 
all-pL'werful  principle  in  thb  moral  world,  and  tbnt  il  t<bonld  entirely  aniri 
impnlBea  of  uor  nature  which  load  ni  ti>  i.i]ipuac  fur«  to  fuiM,  ftnil  l<i  ni.ui  an  i 
onproTuked  aiiAnult,      Here,  again,   uv  luJglit  iNaiiily  underxtoiiil  anil   irniii 
thoae,  who  eondder  that  thu  fear  uf  perat^iml  BUlFp^riug  iU»^  mrl  w  arrant  uot  i 
iajnry  to  another  in  warding.off  a  threJi1«iieil  utla^'k  ;  hut  wliea  tlip  qneiiliafi  i 
nut  of  «i'(/-do fence,   but  of  jirotiictiorj  to  irf/.Ti  aloi  Mr  iieljilcM  dc|«iiliiaM 
■uecoor,  and  who  are  bound  tu  at  by  the  clu»at  tiva  of  uatunU  atFntida,  v(  tmi  (Ml 
comparntirenoVilitJsf  tbc  Utltir  motive  wnrnutt  acliona  which  onrindlriitutiaJli 
waroelj  justify. 
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combinntion  of  motives  above  anotlier.*  If  it  be  n»ke<l,  Jiow  aro  this 
i-eliitive  viihiea  of  these  motives  to  be  decided,  the  auswer  must  besought 
in  the  tnoi-aJ  congcioiisaess  of  Mankind  in  gencnil,  U')iich  is  found  (o  be 
more  and  more  nceoi'dnjit  in  this  re^jiect,  the  nioie  faithfully  it  is  inter- 
preted, the  moru  hiibitually  it  is  acteJ-on,  auil  the  moi'o  the  whulu  inteUi- 
geuoe  is  exjMinded  and  enligliteued.  It  is  this  tendency  towiirda  univei-siil 
agreement,  which  ahowa  that  there  is  retilly  as  gnod  a  foundation  for 
Moral  science  in  the  psychical  nature  of  Man,  us  tliere  is  for  that  of 
Music  in  the  pleasure  which  he  Jerives  from  certain  conibinationa  and 
successions  of  sounds.  So,  agaiu,  the  more  elevated  arc  the  religious 
ideas  of  Misnkind  iu  regiii-d  to  the  character  and  will  of  the  Deity,  the 
moT«  do  they  appronch  to  a  genei'al  accordance  in  regard  to  what  oon- 
etitutes  Religioua  Duty;  and  the  complete  coincidence  which  esista 
between  the  dictates  of  the  Christian  law  and  the  highest  jirinciples  of 
pui'e  Morality,  prevents  one  set  of  motives  from  ever  eoiiiing  into 
antagonism  ivilh  the  other.  TheCoiwcicjiwof  the  religious  niiui,  indeed, 
niuy  be  said  tii  be  the  rr.auhant  of  the  combination  of  his  Sloral  aenae  with 
tJie  idea  of  Duty  which  ai-ises  out  of  hi.i  BcnBe  of  relation  to  the  Deity. 
With  the  foi-mer  are  closely  aaiociated  all  thoao  euiotiooa  and  projienslties, 
■which  render  him  considerate  of  the  welfare  of  his  fellow-men,  as  of  hia 
own ;  and  with  the  notion  of  duty  to  God  are  closely  united  the  desire 
of  His  favour,  the  fear  of  His  displeasure,  the  aipiratioii  after  His  j)er- 
fection,  all  which  act  like  other  motives  in  deciding  the  Will.  Tlieip 
relative  force  on  any  occasion,  aa  compared  with  that  of  the  lower  pro- 
pensities and  senanal  desires,  greatly  depends  on  tlie  degree  in  which 
they  are  lialAtually  brought  to  influence  tlie  mind ;  and  it  is  in  its  power 
of  fixing  its  contemplation  on  those  higher  considerations  which  ought  to 
be  inramount  to  all  others,  and  of  withdrawing  it  frt>m  the  lower,  that 
the  Will  has  the  chief  influence  Lu  the  direction  of  the  conduct  according 
to  the  dictates  of  Virtue. 

G19.  0/ the  Einuliomd  Cmuciougntis. — Although,  as   we  have   seen 
(}§  602,  OOD),  there  ai-e  vaiious  forms  of  Emotiomil  Senaibility  which  are 

*  This  viev  of  ihv  aatnre  of  CoiucieDf^  will  be  fi^aod  more  fuUy  dcr^lop^  in  the 
"  Pmtpecdirt  Reriew"  for  November  131.1,  [■]).  6S7-B.^"'E»ery  morml  juilgnieul,"  it  is 
wdl  i»aark»l  by  ibv  Kt'ivxvr,  "  i»  Trtntirc;  Mid  involve!  a  uomimrisun  of  (nl  lesJit)  two 
IcnuH-  Wlitn  wi>  jiraiac  wJmt  fitubetn  iIodc,  it  in  witb  the  eocxuilcat  cDDci-ptLaQ  vf  «nme- 
IhiH'f  tttf  that  aiiglit  tiave  bfen  dca^-.  and  when  ve  resolve  un  a  colirae  ju  rigtif,  it  is  to 
the  eiiilunion  nf  sumo  utber  that  is  wroii'j."  This  U  why  we  csnnot  allftcL  anj  moral 
charttober  to  the  aj'tioim  of  aniiaalfl  that  arti  p^onoeii  amitir  the  direction  of  a  Uliioi  un- 
iamgHJOg  iaHtJDCl,  lenvinc  tlitim  au  choicu  hetvevD  one  coorBe  and  another;  our  to  th<Hw 
whit^  Vt  Gxei*u1«(l  by  buutiiii  iriiiuj^H,  even  wbea  jHieiieflrted  of  their  fnU  iD(elIi|;uui%,  nailer 
the  doDunitioti  of  itupuises  which  they  have  it  not  id  their  power  to  reMraiu  :  nor,  ngoio, 
to  tboK  perfurmed  by  individuiile  whose  tDoml  sense  has  either  been  never  aiVBkened,  ur 
bas  botSD  10  compttrtely  mi^in.*?(wl  by  early  education,  thnt  their  uUindard  of  right  And 
wrong  is  olti^etber  opfHiflile  l^  th^t  whii^h  the  eulightenei)  ooDDoienco  of  mankiud  igrvea 
in  adnjiting.  But,  Hlllioagb  there  are  ilunbtlew  many  OMS  in  whieh  .'rimiau.)  actians  ore 
Coiumitlefl  under  the  impolite  iff  pajisioEia  (duch  lui  an^'er,  loNt,  ka-)  wiiieh  the  individual 
liaanct  ht  tlie  uiomeut  xhn  jHiwer  to  rontnd,  and  although  he  must  be  absolved  from  moral 
renponiiiliility  qnoaii  the  immediate  motives  of  thoHe  partioulnr  Bcttonii,  yel  IbefW  motives 
too  frequently  derive  all  their  force  from  the  habit  of  jitlding  to  their  promptingv  in 
laser  mJltterfl,  whieh  gnutuaUy  givers  them  a  diminanee,  dUch  as  the  Will  Iweaki'-ued  ]tj 
wuit  of  eiereio;  in  the  habit  of  aelf-rtatrniiitt  in  unable  to  resint,  Uenee  tlie  rriminal 
aelioH  ia  to  be  ref^iarded  lU  but  tlie  eipreiuion  of  a  Ion;  previoa*  eourse  of  eriminal  thutajkt, 
for  which,  in  so  far  he  could  have  utherviae  diiKCted  it,  the  individual  may  leijitimstelj 
be  hdd  isapoonble. 
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directly  ca\!ed  into  activity  liy  Ben?ie-percq'>ti(iii8,  y«t   tlic«e 
Btfttes  of  Miml,  whicli  (liveclly  or  iniHrectly  iletwmiine  a  gr"*t  J""*  orf< 
conduct,  belong  to  the  level  nf  the  IJeatiounl  consciousni-'* ;  Wibs.  •• 
fact,  the  i-eault  of  the  attachment  of  the  feelings  of  plauiiiro  uiil 
and  of  other  forms  of  emotional  senBibility,  t«  certaia  cIaskw  of  id 
ThuH  the  Coi-ebnim  and  the  Sensory  GungUa  would  seem  to  Ml  )t 
in  their  protluotion ;  for  whilst  the  Cerebral  HeniispherM  fiiniM 
ideational  part  of  the  material,  the  Sensory  Ciftnglia  not  only  p*»  i 
oonsoioiutneas  of  their  residt,  but   invest   that  resnlt  with   tbc 
fedliifi  which  renders  it  capable  of  actively  influencing  oat  oooiloet  i 
tiioUi-B  power.     This  wo  aee  most  clearly,  when  the  EmotioruJ  alato  1 
the  form  of  a  tnie  desire;  for  when  this  is  felt,  even  iurpgM<bl 
gi-ntificutiou  of  a  bodily  appetite,  it  involves  the  existence  of  an 
t/ie  object  of  desire:  but  it  is  only  when  this  idea  is  naaociatcd  wili 
contemplation  of  enjoyment  in  the  act  to  which  it  rdates.  nr  if  Hs 
foit  in  the  abstincnc*  from  that  act,  that  it  becomes  nu 
towards  the  piirformanco  of  it. — All  the  higher  forma  of  t  .1 

scioiisueas  inay  he  decomposed  (aa  it  seems  to  the  Author)  in  n  ntnl 
manner.      Thus,    Benevolence   is  the   pleasurable   con I^'mjila lien 
happiness  or  welliLre  of  others;  and  show?  itself  alike  in  tJi« 
entertainment  of  the  abstract  or  general  idea,  and  in  the  dirertioa  ( 
couduct  with  a  view  to  promote  this  result  in  any  particular  \t 
which  the  benevolent  desire  may  be  fixed.     So  there  is  a  porilivr  pi« 
in  some  ill- constituted  mindfi,  in  the  contemplation  of  the  ur 
of  011101*3 ;    and   this   we   designate  as   I^Ialevolenca      Again,   tb*! 
hativcness  of  Plivenologists  is  notliuig  elee  than  the  pleasimble 
sotting  one's  self  in  antagoiiii^m  with  others;   which  may  maniiM* 
either  physiically   or  pHychicallv,  according  to  the  temjierameiDt  i 
individual.*     So,  Pride  (or  self-esteem)  consists  in  the  pie 
templation  of  our  own  .superior  excellencies ;  whilst  the  essence  of  ^ 
(or  lovo  of  approbation)  lies  in  the  pleasurable  idea  of  the  »p 
others.      Again,  in  Conscientiousness  we  have  the  love  of  right,  1 
the  association  of  pleasure  with  the  idea  of  right ;  Veneration 
defined  as  the  pleasurable  contemplation  of  rank  or  perfections  I 
to  our  own  ;  and  the  source  of  Ambition,  which  is  in  somo  < 
antagonistic  teniloncy,  lies  in  the  pleasurable  idea  of  self-vxaltAtio 
like  manner,  Hope  is  the  plesiiurahle  contemplation  of  fiiturc  cnju 
Fear  is  the  painful  contemplation  of  fnture  evil ;  and  Caiitiou 
combination  of  the  desire  to  avoid  anticipated  pain,  with  thi-  pli 
contemjilation  (an  extremely  strong  feeling  in  many  individuals) 
oautiiiiis  adapted  to  ward  it  off. — The  same  view  may  be  ajiplicd  I 
lovo  of  Order,  of  Foaaessiona,  of  Country,  of  Wit,  of  Humour,  AoiH 

*  Tliere  urs  inilmdnaU  wbo  n«i>er  mnnifest  tlis  leiM  dsgrce  of  pJljifWialaMiib 
who  jel  abow  »  renrnrkublv  lore  of  oppoHitiGD  1q  kII  tlini  p^ekieal  irlalioM  vitk  > 
Thiit  oUjerti.ine  will  be  rniteil  by  auoh  [lerBims  li'  any  pliin  Ihal  ni»y  li«  pmpomi,  *»* 
alwaja  feel  auro,  tbougb  we  mnj  not  biiTe  titu  remntest  i<I«  M  Iv  wlnt  Uw  ut^oMim 
b«  ia  eoob  partiruljir  kik,     Personc  In  whimi  tbis  UinileiiRir  eiisU  in  ■  liBi  |<ni>ni 
deifrw,  lire  opt  U,  ice  ipbjeutiona  ttuil  difHmltiee  j!fi(,  nltliouith  Ihnt  pyl  "fimr  ni«'  «*■ 
aeqaeutly  ]ew.l  thfitn  to  Funsiiler  tbvso  at  at  lou  ueount,  or  to  br  aufrariiHl  I7  tin  iJi 
Ugvn  of  tlie  Hi'Iioiiie.     Sui?b  tiaa  tbe  tiute  with  the  lal«  Sir  Robert  PnL     Ob  Htvi 
hand.  tJhtap  who  ar«  Bpokou-of  ax  of  aanffuinr  t^mjH^rRniiiiit,  hm  A]it  Ut  Iam  d^l  d  1 
interTBning  dilUuultieB,  in  tbc  plemnnilrle  anliciimtion  of  llie  raudl. 
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^^Rn  many  cooilitions  usually  eousidereil  us  purely  lutcllectuaL  And,  in 
^M  fiiut,  the  asiiociutiou  of  unj  kind  of  tliat  Emoluiiud  seiixlbiUly  (§  GO^)  of 
^H  which  pleasure  and  pain  atTord  tlie  simplest  ty[ie,  with  any  uita,  or  claaa 
^y  o/iilfos,  gives  to  it  an  Kmotiunul  chiiraeter;  so  that  Eiimtioiial  Btiiti«  are 
'       not  Ity  any  means  liiuiteil  within  the  catt'fjoriea  under  which  Pitythologiata 

ihave  attempted  to  muge  thein ;  these  being,  for  the  most  part,  generic  t^rtiui, 
which  cuniprehend  certain  groups  of  iileiLs  bearing  more  or  less  simihirity 
to  e»ch  other,  but  not  by  any  means  iDcluding  all  possibJe  combinations.* 
fi20.  By  those  who  regard  the  Proijetiaities,  Moral  Feelings,  4c,  as 
simple  states  of  mind,  it  is  usually  said  that  their  indulgeuce  or  exercise 
is  attended  with  pleasure,  and  the  restraint  of  them  with  jiain-  But,  if 
the  vi«w  here  taken  be  correct,  it  is  the  very  co-esistence  of  pleaBurable 
or  painful  feehngs  with  the  idea  uf  a  given  object,  that  causes  desire  or 
aversion,  as  regards  that  object ;  since  the  mind  iustinctiveiy  piirsuua 
what  is  pIciLBurahle,  nud  nvuidn  what  is  painful.  And  thus,  nccordlng  to 
the  readiue.ts  with  which  these  diti'erent  elasses  of  ideas  ore  excited  in 
different  iniuds  (jiartly  depending  upon  originaJ  constitution,  and  partly 
upon  the  hiibitual  Jii'ectiou  of  the  thoughts),  and  to  the  res]>ective  degi'ees 
in  which  they  I'espuetively  call-forth  the  ditierent  kinds  of  Emotional 
aenaibihty  (as  to  which  there  is  obviously  an  inherent  difference  amongst 
individual,  analogous  to  that  which  exists  with  regard  to  the  feelings  of 
pleasure  or  puin  excited  by  external  seiisations,  sights,  souii'ls,  tosteij, 
odonre,  or  conlacta),  will  be  the  disposition  of  the  mind  to  entertain  them, 
the  frequency  with  which  they  will  be  brought  before  the  mental  view, 
^_and  the  in^ucncu  whioh  they  will  exert  in  the  dcterminatiou  of  our 
^Vtsoaduct. 

^B     liSI.  The  influence  of  Emotional  conilitions,  when  strongly  excited,  in 
^Bdirectly  producing  involuntary  movements,  is  readily  explained  on  the 
^fidtn  (hat  the  Sensory  Ganglia  are  the  seat  of  all  consciousness,  and  the 
^K  Craniospinal  axia  thcrealsuurceof  all  movement.     For  there  is  no  more 
diffleidty  in  understanding,  that  the  excitement  of  peculiar  states  uf  con- 
sciousness in   the  Sensorial  centres  through  the  instnununtidity  of  tjie 
Cerebrum,  should  give  rise  to  automatic  movements,  thiiii  that  such  move- 
ments should  follow  fiimJIar  states  of  consciout^uess  when  excit^id  by 
iinpreS!tion.s  matle  upou  the  organs  of  vision,  hearing,  itc.     And  the  cor- 
res[)ondence  is  seen  to  he  very  close,  when  the  idea  (as  is  doubtless  the 
'  in  some  inalances)  ts  veiy  nearly  akin  to  the  sensation.      Thus,  the 
lighter  cxciteil  by  the  act  of  tickling,  is  u  purely  constuisual  movement 
|.  but,  in  a  very  'ticklish'  person,  the  mere  idtn  of  tickling, 
by  pointing  a  finger  at  him,  is  sufficient  to  piwYoke  it.     80, 
Bgain,  as  Lauglitermuy  be  excited  by  odd  aightsor  sounds  wliichdonot  in 

» themselves  excite  any  ideational  state,  but  which  act  at  once  upon  the 
\  sense  of  the  ludicrous,'  the  same  action  may  he  oalled-forth  by  tlie  vivid 

•  The  IraUmf  this  sUlemeat  miut  be  apparent  to  nil  whosre  familiarwilb  Ihemanifia- 
lAtiunt  oF  EcceatridtT  luii)  Infranity  1  fur  ne  freqoentlj  see  plensarablE  ftwIiDgH  n^iiociAUDg 
themselTea  with  lieax,  wLich  to  urdinnrj  miDila  Bpixiir  indiWereHt,  or  lire  even  leguiled 
vilh  pAJii ;  u]d  tbtiM  lire  cn^nilTired  luoiiveii,  whit^h  esurt  a  most  pifWi^rfql  inAQeai'e  ovf^r 
tile  oooducl,  nnd  wLich,  if  nut  kc[il  id  reslniint  liy  lie  Will,  rcnJer  tlie  wbula  bting  their 
■lara. — It  may  be  ii1jk>  rcmnrknl,  in  tlii«  [ilncf.  tluit  tlie  iupDuiliitity  of  clamung  atl  tlie 
SmotiouAl  atiits  of  minil  under  n  limilal  uiiint>Gi'  «f  CHlcgi'ries,  cunstltutes  ■  niuet  serious 
Rad  hndtmenUl  ubjeetioQ  to  iinj  syBtem,  whieh  profcBnen  to  nmrk-oot  in  the  Cerebrnm 
iJMawMMMe  fur  the  Auimul  PropeiuiUea,  Mural  Fetling^  kc. 
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n«ulie<:Uoii  of  tlitae  octurrenci»,  wliicU,  bi-iuy  iitU'nili.-4l  with  m  . 
the  aensoriiiiii  corresponding  to  tlint  orifjinally  pri«liiced  liy  tll#i 
givea-rise   to  tlio  kokiq   iuroluntury  cachinnaUon.       But  l.iugtii'r  ni>l 
also  bo  excited  by  idiias  that  are  much  more  removed  Irou  sclu 
tions,  03,  for  cxumple,  hy  those  unexpected  combinatioiLB  of 
puroly  inteUectuiil  nature,  which  we  dcMgnale  as  '  witty;'  and  i.-.-,ij 
we  may  recognize  the  very  same  nuuiuB  operandi.     For  the  miQV  I 
or  sight  of  the  loorde  exoitcB  no  feeliug  of  the  ludicroqa;  the  i 
must  develope  an  idetitioii'tl  chan;^;  and  it  ia  the  latter  aJoiio.whii 
acting  downiunrds  upon  the  SeiMoriiiiii,  and  there  liccotiiiug 
with  the  Emotional    sensibility,    excites    the    iinjiulsi^    to    hk<i>;lL 
eaoie  might  be  shuwu  tu  be  the  caUG  with  regnrd  to  the  uct  uf  () 
which  may  be  either  purely  consensual,  beittg  cxeiti'd  by  [iiiiiful  i 
tions;  or  may  be  induced  by  the  Ti\id    recollection    of   i«»t   orj 
anticipation  of  future  seuaations;  or  may  lie  excited  by  \i\i:as  whiifkl 
no  direct  relation  to  sensatioDol  sUtes.      Acnin,  the  tnovriii-'nU  vb 
take  pliice  under  the  "violent  eicitement  of  the  pua^iou  of  Kxxstt,  uvi 
the  sfliue  involuntary  cbaractcr;  being  directly  prumptwl    by   fta 
which  may  bo  called-up  either  by  cxtorual  aensfitiiius,  or  \\y  iritcruall 
that  have  a  like  power  of  exciting  them.     Thus  ihe  passionate  tnaa^ 
receives  a.  blow,  instinctively  makes  another  blow  in  the  directiou  , 
which  it  seemed  to  him  to  come,  without  any  thought  of  vrbct^ 
blow  was  Hccidciital  or  iutentionali  aod  the  idea  of  au  Judult,  whid 
source  of  mental  disturbance,  may  excite   the  very  same   vaa 
although  no  bodily  suB'ering  had  been  experieueed.     In  states  <jf  i 
sive  Sexual  excitement,  aguiu,  tliu  desire,  which  urines  out  of  the  iileal 
the  object  (J   619),  produces  involuntai'y  movements  corresi^nding 
those   which   are   ordinarily   linked-on   to   the   actual   seiiwiti'>iis  olo 
There  are  many  of  the  movements  of  Expression,  which  are  refci 
like  manner  to  status  of  consciousness,  whether  pleasurable  or 
whieh  may  arise  from  ideational  as  well  as  from  sensatioiiul  cotiditi" 
Tbus,  aa  we  have  seen,  the  Cheerful  aspect  of  some  individuals  is  <la 
a  aense  of  genenil  p/ii/itical  well-being,  and  is  altogt-thw  discocij: 
anything  which  disturbs  this;  whilst  in  others,  it  inny  jiroeped 
happy  firamo  of  mind  (which  may  be  partly  the  residt  of  origiiud 
atitution,  and  partly  of  habitual  self-djrection),  disposing  thi-m  t> 
the  cheerful  view  of  everything  that  afTecta  themselvcN  or  othiwn 
withstanding  (it  may  be)  great  bodily  discomfort.     And    the 
aspect  of  Gloom  niay  in  like  manner  proceed  alike  from  bodily  or  I 
mental  uneJisiness. — AH  these  fects  point,  theivfure,  to  the  concln 
that  whether  the  elementajy   states  of  Emotional  itensihility 
themselves  with  Sensations,  with  Perceptions,  or  with   Id«ts,  tliey 
simple  iiv/Jen  of  conncxouaneM,  the  organic  seat  of  which  must  In-  iu  i 
Sensorial  centres;  and  this  corrcsjionds  well  with  the  cbamctw  iif  I 
purely  Emotional  movements,  which,  as  we  have  seen,  are  closely  klE 
to  the  Sensorimotor,  in  the  directness  with  which  the;-  rt«pond  to 
stimuli  Ihat  excite  them. 

G2'2.  That  the  Emotional  and  Volitional  movements  differ  as  lo  t^oq 
primal  sources,  is  obvious,  not   merely  fi'om   the  fact  that  tbey  uPC 
queutly    iu    anta!,'onism   with    each   other, — the  Will   endeavonrib^  wj 
rebtrain  the  Emotional  impulse,  and  either  succeeding  in  doi[ig;to,orl 
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^Tieing  vanijuiahcJ  by  tlio  su[ierior  force  of  the  Utter, — but  also  from  the 
ynrious  laL-t,  wliicli  Pathological  oljacrvation  hue  brought  to  light,  tliiit 
uiu!4cleti  wliicli  will  still  act  in  obedience  to  EuiotioniJ  iiupulEeE,  may  be 
[lunilystd   to   VolitionaJ,   ajiii   I'ice   vcmd.     Thus  for  txajii[>le,  the   ami 
of  a.  nijiu  ulfcoted  with  hemiiilegia,  wliidi  no  effort  of  his  will  could  move, 
haa  lieen  seen  to  be  violently  jc-rked  under  the  influence  of  the  mental 
)iy;itH,tiun  couaequtnt  upon  tlie  sight  of  n  firieud.     Aiitl  in  the  CAse  ol 
sofeniDg  of  the  Spinu.1  Cor<l  lUrendy  referred -to  (§  JiOS  note),  the  choreic 
luovemeuta,  whicli  were  brought-ou  by  the  mere  appi-oach  of  any  one  to 
the  jiulient's  lied,  and  still  inure  strongly  by  puttiug  a  (jiicstion  to  him, 
were  moist  violent  in  the  lower  limbs,  over  which   ho  had   not  the  leAst 
volimtary  power. — It  is  in  the  diti'ercnt  forms  of  pai-alysia  of  the  Facial 
uervii,  however,   which  ia  the  one  most  peculiarly  Btibnervient   to  the 
moveuieute  of  ElxpreEsiou,  that  we  have  the  best  evidence  of  this  din- 
tiuctuess.      Tor  it  somolimfa  happens  that  the  muscles  supplied  by  tliia 
nerve  are  [mridysed  bo  fur  as  regards  the  Will,  and  yet  arc  still  affected 
bv  Emotional  states  of  mind,  and  take  their  usual  jMirt  in  the  automatic 
actionii  of  Respiration,  itc.  retaining  aliso  their  iisuid  tenaiou,  so  that  no 
distortioD  ia  apparent  unless  Voluntary  movements  ho  attempted :  thus, 
to  select  an  action  which  niay  he  performed  either  conseiiaimlly,  cmo- 
tiontJIy,  iir  voluntarily,  a  patient  affected  with  tliis  form  of  paralysia 
cuuuot  elose  the  eyelid  by  an  act  of  his  will,  although  he  winks  when  he 
feels  the  uneasy  sensation  that  excites  the   action,  and   shuts  the   lids 
when  tlie  sudden  approaih  of  an  ol.yect  to  the  eye  excites  the  fear  of 
iujury  to  that  organ.     t)n  the  other  hand,  the  paralysed  coudition  may 
exist  in  i-e^ai'd  to  the  automatic  and  emotional  actions  only,  so  that  the 
muscles  lose  their  tcn.'sion,  the  mouth  ia  di-uwn  to  one  aide,  the  move- 
Inents   of  expression   are   not   ]>ei-formed,   and   there   is  no  involuntary 
winking:  yet  the  Will  may  still  exert  its  accustomed  control,  and  may 
prodace  that  closure  of  the  lida  which  doea  not  take  place  in  respondenco 
Ui  any  other  inipTdse.*— It  has  been  inferred  by  I)r.  M.  Hall.t  f^m  cases 
of  this  kind,  that  the  Emotional  aetious  are  among  those  which  are  per- 
formed by  his  '  tme  Bi)inal '  system  of  nerves,  as  distinct  from  the  sensori- 
volilioiiftl,  and  that  they  therefore  fall  under  tho  gf^nenil  category  of 
excito-motor  actions.     But  it  is  obvious  that  they  djffer  from  these  in 
their  dependence,  not  moroly  ufion  aeiirtations,  but  also  upon  higher  statee 
of  mind ;  and  there  is  no  proof  whatever,  that  the  same  nerw-libren  do 
not  aervu  for  the  conduction  of  the  motor  impulses  proceeding  from  the 
two  different  mental  sources,  VoUtion  and  Emotion,  a»  we  have  seen  that 
they  probably  Jo  fur  the  volitional  and  a\itomatic  impulses  (§  550).  J 

IS23.  Tho  EmotiouB  are  concerned  in  Man,  however,  in  many  actiona, 
*  Sef  the  dt-'tailed  fuvonnt^  of  vm^h  onses  ia  Sir  C\  BeU\  work  on  "The  NerroiiA  ^jptom 
of  vhe  Human  BuJj;"  «l«o  "  Brit,  and  For.  Med.  i(«v.,"  »ol.  iv.  p.  SUl),  anil  tuI.  liiL 
p.  653. 
■^  "  Heminis  do  the  Ifenuiui  SfHUm,"  I8ST,  pp.  M,  tl  ttq, 

*  lb  the  e&rlier  e'ltticmfl  of  this  Treikfise,  tLe  Author  maiDtiuTtfiil,  npoa  tha  pnnHplM 
■dvumlvd  hji  Ur.  M.  Hull,  Iknl  thue  aiiutlxiiliAtini-tceutretuiKlcguiJuutiiig  fibres  rorVoli- 
liuDitl,  Emotiunal,  anil  UeSex  morfiiicnU,  linviii;;  »infe  (uriveil  at  whuC  hn  hetlcTes  to  be 
■  niDrJ)  flimpler  ciLpbinuliuD  of  Ihe  iphtn'jmi^nn,  lut'l  od«  Enoro  in  ncnorJADov  nilh  Ihu  facta 
of  the  ctt^e,  he  [mi  not  he^Ltated  t^i  make  knuvni  the  f'liange  in  hU  cimvictiuOH ;  und  vouid 
bo|i«  ihAt  he  iub;  indnre  tIio!ie  who  laaj  have  adupled  hit  proTJana  opiaiana,  to  recoiuider 
liha  MbJECl  under  Lhe  aspevt  in  vhiidi  lie  btt  uiiw  placed  it. 
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whieli  are  in  themselvee  strictly  TohiiiUiiy.     Un]o«  they  hv 
L'Xi'itcd  oa  U>  get  thu  better  of  tbe  Will,  they  do  u"l  uptralr' 
iijjuntlie  A-Htomntic  centres,  but  upwarJs  upon  tlic  Oti  ' 
tbi;  nicd'frui  bv  which  the  course  of  thought  and  ufuctiou  is  I 
niijied(§  C7(J).  Tlius,ot'twoindiTiduala,Yfith  differently -cj; 
one  shall  judge  of  everythiog  through  the  medium  uf  n  . 
temiier.  whiali.  like  a  darkened  gliiss,  roftresfntd  to  hi 
whole  world  in  le^ue  to  lujura  hiiu  ;  ivnil   hiM  d<.-teniiiiu<.i<>i 
based  upon  this  erroneous  view,  iie  indimtioiis  are  exhibited  iti  .: 
■which  are  theiiiselvta,  uevertheleaa,  of  an  laitii-rly-viiKitLi 
On  the  other  haud,  a  pt-rson  of  a  eheerlid.  lieoevok-ot  di«|. 
the  world  arouud  as  tjirough  a  Clamlo-Lorraitip-Kburt,  sf 
in  its  bi'igbt(«t  and  sunniest  uspect ;  and,  with  int4.-11ect(i, . 
ciBely  siiuilar  to  those  of  the  fonner  individual,  he  will  eoun-  ' 
conclusioiis;  bueuuae  the  materials  which  form  the  basis  of  hi-j  ■ 
ui-e  -tttbuiitteil  to  it  in  a  very  different  condition.     VBnou*  io 
Moral  Insiiuily  exhibit  the  same  contrast,  in  a  yet  mon-  striking  I 
(§  TOT).     We  not  lutfrequently  meet  with  individutds,  still  holdintil 
place  ill  society,  who  are  accustomed  to  act  so  much  upon  tinptU«,i 
ill  be  so  little  guided  by  retgon,  aa  to  be  acsrcely  regarded  tm  niii»;  tiit 
very  little  exa^genitiou  of  such  a  tendency  causes  tho  actinna  la  ] 
injurious  to  the  indi\'idiuil  himself,  or  to  those  around  Itim,  tlwt  I 
is  required,  although  the  iutollemt  is  in  no  way  disordored.  uor  ar»  I 
the  feelings  pervei-ted.      Not  ujifrequently  we  may  observe  itiuiilari 
Bisi4?ncie8,  nuulting  from  the  habitual  indulgence  of  one  partiouUrf 
or  from  a  morbi<l  cxu^oratiou  of  it.   The  mother  who,  through ' 
of  Will,  yields  to  her  instinctive  fondness  for  her  of&pring,  in 
grutilications  which  she  knows  to  be  injurious  to  it,  is  plncitig 
below  the  level  of  many  leas  gifted  beings.     The  babic.  of  yi«ld 
natural  infirmity  of  temper  ofWii  leads  into  paroxyBma  of  uu 
rage,  whicli,  in  their  turn,  pass  into  a  state  of  maniacal  excit 
is  not  uufrequeiitly  seen,  that  a  delusion  of  tho  tnWfoct  (oomtl 
whnt  is  commonly  known  as  Mouomiiiiia)  has  in  reidi^   nviulUHl  froni  I 
diMoi-dei-ed  stale  of  the/ec/tn^s,  which  have  represented  c^ijnr  occur 
in  II  wrong  light  to  the  mind  uf  the  individual  (j  709).    All  such  n>niiitia 
are  of  extreme  interest,  when   ci)in|uired  with  those  which  arvi  id« 
amongst  idiots,  and  aiumiUs  enjoying ii  much  lower  dogrci;  of  intell 
for  the  result  hi  much  the  same,  in  wbiLtever  way  the   balance  In 
the  feelings  and  the  judgment  (which  is  so  beautifully  adjiu<i«l  iu 
well-ordered  mind  of  Man)  ia  di.sturljed ;  whether  by  «  iliininutiou 
the  Voluntary  control,  or  by  an  undue  exaltation  of  the  Emottous  : 
passions. 

034.  This  double  tnodtu  t^>erandi  of  the  EmotJonid  consciousne 
dotonwards  through  the  nerve-trunks  upon  the  Muscular  appMStOi  I 
also  upon  many  of  the  Organic  functions  (chap,  sv.), — and  vpteardtx 
those  Cerebnil  actions  which   giveriiw  to  the  higher  stata  of 
consciousness,— afFordn  a  satLnfactoiy  exjilaiiation  <if  a  fact  wfaicli  b  [ 
tiotlly  familiar  to  most  obseri-ers  of  Human  nature  ;  namely,  that  via 
excitement  of  the  feelings  moat  speedily  subsides,  when  thrae  unr 
cdly  expend  theniselves  (so  to  speak)  in  their  natural  exjimeiatia 
it  may  be  commonly  noticed  that  those  who  are  t*.Tm«d 
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vntona  nm  \em  fimi  atid  deep  in  their  attachmetite,  than  those  who 
fiiit  ttieir  feelings  less;  for,  without  auy  real  insincjeiity  or  iiit*n- 
liokli-neKs.  the  strongly-«xcited  feelings  of  the  former  are  rajiidly 
>im  by  the  expenditure  of  the  impulse  to  action  which  they 
snted ;  whilst  in  the  hitter  the  very  sn,me  feelings,  acting  iu- 
f,  Noqniro  n  permanent  place  in  the  psyeliicnl  nature,  tLnd  habitually 
Its  motivea  to  the  conduct.  Ho,  again,  pfli-Boos  who  are  '  q\iick- 
!,*  manifestbg  great  iraacibility  upon  siuall  provocations,  real  or 
are  usually  soon  ftp[i«W(?d,  and  soon  forget  the  ati'ront ;  whilst 
wlici  make  little  or  no  display  of  linger,  are  very  apt  to  brood-over 
cliei-jsh  tJieir  feelings  of  indignation,  and  niav  visit  them  upon  the 
ttinatt!  object  of  them,  when  some  favourable  opportunity  hapj)eiiB 
jr.  long  after  bo  had  snppoaeil  tlint  the  occurrence  which  liad  given 
TS»  to  th«iu  wM  forgottoD.  There  is  an  instinctive  restlessnesw,  or  ton- 
t>in-v  to  geueral  bodily  movement,  in  some  intlividuala,  when  thoy  are 
'ig  under  emotional  excitement;  the  indulgence  of  which  apjimrs 
.^.  A  sort  of  Bafi,>ty-Talvo  for  the  excess  of  uorve-force,  whilHt  the 
nnii»t  at  its  repreesion  i^  attended  with  an  increase  in  the  excitement. 
el  jn-rsions  are  conscious  of  the  difficulty  of  sitting  etlU,  when  they  are 
niiitig  nnder  violent  ngitation.  and  of  the  relief  which  is  alTurded  by 
I  nxennae ;  and  tliis  is  j>articu]arly  the  case  when  the  movements  are 
B  intiu&lly  express  the  passion  that  is  excited.  Tluis  the  com- 
propensities  of  the  Irisli  [)eft«tnt  oominonjy  evaporate  fi|iceddy 
I  Um  free  play  of  the  shiUelagh;  many  irascible  jwi^sons  find  great 
'  in  a  hearty  explosion  of  oaths,  otliem  in  a  violent  slamming  of  the 
T,  and  others  (whose  excitement  ia  moiT  moderate  but  lefis  traiiwent) 
,  prolonged  fit  of  gnimbliug.*  So,  again,  if  a  ludicrous  idea  bo  sug- 
fco  our  consriouBness,  occasioning  an  impulse  to  laugh,  a  hearty 
■ '  generally  works-off  the  excitement,  and  wo  may  be  surprised 
ort  time  afterwards  that  such  an  absurdity  should  have  provoked  our 
bility  ;  but  if  we  restrain  the  explosion,  the  idea  continues  to  '  haunt' 
i»  continually  perturbing  our  trains  of  thought  until  we  have 
I  ft*e  vent  to  the  exprewion  of  it.  Again,  it  is  well  known  that  the  de- 
[crriotions  are  often  worked-otf  by  alit  of  crying  and  sobbing;  and 
lief  of  tears'  seems  manifestly  due  to  the  expenditure  of  the  pent- 

'  nb  vif%  is  moM  fnllf  coalirmed  by  MrtAio  pbcoomEtia  of  Inauiit]'.     It  i>  a  doctrine 
rpDcnlly  nvciicd  ntnoii^  prncliokl  meo,  llist  [uruiyKinB  iif  viulint  emotional  «xdte- 
An  mut^Ji  more  likely  U>  bulisiJe,  when  they  are  [illi>wi?il  t'>  '  work  thomeclTCR  o^* 
witbuni  inv  aiiemi.l  -it  niecliimical   reatrainl;    and  manliuiil  juitieula  ore  now 
■1.  in  s!I  srlt-iumin^  Aiiylnuis,  in  [imlilMl  mona,  in  which  their  moTements  can  do 
tnjrirT  Ui  lI'toLwIvtiB  ^^r  uthbn. — The  follon-ing  case  wsfl  reluled  to  the  Author  by  his 
i   ['r.  iii^ive,   of  B'tfllnn,   N-E.,  die  iustmct^jr  of  Laura  Bridtnuan.     A   bfUf-iiliottc 
in  tlie  I'UustiiT  Atylnni  of  that  pliu^e,  naa  tlie  tiuliji.v:t  \li)ie  mutiy  in  his  coudllion) 

I'  !    -i'jleni  paroxyRUia  of  au^er;  and  vrith  Llie  »iew  of  n^iidi^mting  (iiexe, 

ihnx  he  ahonld  Tic  bept  for  some  time  every  day  in  nithtr  fatij;uiug 

■  !iirt;lj  lie  wna  eroployed  for  two  oi  three  lionra  dnily  iii  iiwiim  woiid, 

■.  he  miule  no  objection ;  and  the  pBn>xysma  iif  nige  avier  diii(>1ayed  them- 

i   on  SandajB,  when  his  cmplojintiiit  vas  iutfrmittetl  ■      It  huving  hcea  con- 

«ij|ci>:-l,  lijuevBT,  that  it  was  betlet  for  him  to  spend  ft  pint  of  tlmt  day  in  (uiwiiig  woikI, 

iSui  to  be  irucihie  during  the  whole  of  it,  his  occujiUtioD  naa  uontluue'l  t)iruuj:h  the 

BdB  wk,  vben  he  be<!Amc  completely  tamed-down,  and  never  gnve  nay  more  trouble 
hfa  jKMlimiiii  difiplayH.^ThiH  cow:  appeaiB  to  the  Author  a  moat  Taluahlo  continuation 
Iba  iloeulBe  laid  down  in  the  text ;  whiob  n  aoe  vhote  practicRj  bearings  are  rooet 
■K|«rtaiil. 
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Up  nerve  force,  m  the  production  of  an  incrciiscd  secrtlioD,  It  a  i 
is  this  caee.,  too,  that  the  absence  ofuny  audi  i-Kternal  mnnifcutkttii 
the  dcpi-esaing  emotiona,  gives  them  ii  much  greater  infiiienr*  ujujo  I 
cuuiise  of  thought,  and  ujion  tlie  bodily  stale  of  the  iuilividuBl.  TlnaJ 
who  really  'die  of  grief,'  are  not  tho»e  who  ore  loud  and  Ttrlinnint IsJ 
their  lamentations,  for  t/ieir  sorrow  ia  counionly  transieut,  hmrrvwi  " 
ment  and  sincere  while  it  lusts;  but  they  are  tlio!«  who  liatvi 
designedly  repressed  any  such  manife<!tAtiona,  or  wbo  luri'  crxja-riii 
no  tendency  to  their  display;  and  their  deep-seated  Borrow  m-tat 
esert  the  sauie  kind  of  auti-vitfd  influenee  upon  the  rtr«anic  ■ 
that  ia  exercised  more  violently  by  'shoct;'  producing  their  ci 
tion  without  any  structnmi  leaioii.* 

035.  The  influence  of  Enic>titiual  cxritement  may  opemie  uf 
musdea,  however,  not  only  in  giving-riae  to  movements  wtiirh  csa  1 
tribuUd  to  no  other  source,  but  eho  iu  affecting  the  pnwvr  of  tii*] 
over  the  muscular  synteui,  by  intensifying  or  weakening  itj*  nctiiin. 
there  can  be  no  doubt  thiit,  under  the  strong  inlluciioe  of  one  ■ 
feelings,  the  Will  can  effect  results  such  as  the  imlividiial  woulil  i 
even   attempt   in   his  calmer  moments;  whilst  the  ioflurnoo  of  i 
class  of  feelings  is  exercised  in  jirecisely  the  op|ioeito  directiim,  i 
or  even  paralysing  the  force  which  was  previously  ia  full  nrtivily. 
the  same  i^motion  docs  not  ulways  act  In  the  same  mode;  tlmH,  tk 
of  (liLugur  may  nerve  one  man  to  the  moat  daring  and  vigorma  vi 
avert  it,  whilst  another  is  rendered  powerless,  and  givea-wiiy  to 
ing  lamentations;  and  the  ardent  anticipation  of  succi-ss  may  soi 
tlie  determinative  energy  of  one  aspirant,  as  to  prevent  liim  &\imt 
his  object,  whilst  another  may  only  be  sustiiined   by  it   iu  the  Ui& 
struggle  of  which  it  is  the  final  reward.      Now  in  order  that  this  ■ 
may  be  explained,  and  the  mudiia  operandi  of  the  Emotions  on 
Volitional  actions  may  be  duly  comprehendeil,  we  must  herestAtrl 
the  essential  conditions  of  the  latter;  one  of  which  is,  that  thtm  Jba 
be  not  merely  a  distinct  conception  of  the  purpose  Inbr  stlflinod,  boll 
ft  behef  that  the  purpose  vUl  or  at  Icaft  inay  I>e  attained;  whilrt) 
other  is,  that  the  mental  energy  should  be   to  a  great  extent  rithd 
from  other  objects,  and  ahould  be  eonceniratfj/  upon  that  towanU  •hnb| 
the  Will  is  directcil.— It  ia  within  the  exi>ei-iencie  of  every  one,  tlul  I 
is  nothing  which  tends  so  much  to  the  success  of  n  volitinnul  rftdtl 
a  eunJideiU  exptetation  of  its  success;  whilst  nothing  is  so  likcJv  tiiiuih 
failure,  as  the  apprehension  of  it.      Now,  in  so  far  us  n^nrda  thix  i 
of  their  operation  alone,  the  tenclency  of  the  cheerful  or  joyoiin  .mintiwrfl 
lieing  to  Biiggeat  and  kceji-alive  the  fevourable  nuticipntions,  whilrf  lirtJ 
of  the  depressing  emotiona  (of  almost  any  kind)  is  to  bring  before  t 

*  Thu  Aathoi  onra  beard  th>>  fultoiTing  eingular  case  of  tbi*  Had  : — ■)»■  "' 
orplon*!  "ho  *we  rtrongly  atinched  Iu  em  h  ullicr,  Utaiuc  tbe  nulpjwt  uf 
■he  waa  mogt  Underl;  nuraed  by  Iter  fiater  iluring  a  hug  illBcsa ;  Ijal  uc  ha  uiul  ■ 
latlrr,  iimtead  of  giving  vnj  to  grief  in  tho  mBDDer  that  iui<:ht  bare  bees  ■■ 
agipcared  perfectly  anmnted,  and  acted   almoin  u  if  nolhiug  had  ba|ip(!DEd. 
fortnight  aftor  her  ttater^e  dtAih,  howerer,  vin:  wam  foimd  deftd  in  ber  he«l;  jvl 
bad  therv  been  any  symiitnniH  durltig  life,  nor  vat  there  ajiy  poal-moiieiD 
vbiek  in  the  least  d^ree  aeouuntvd  fur  ihia  eteiit, — of  whicb  uo  eiplBBatian  • 
siblu,  eieept  the  depreaHng  ioSDenee  of  her  peot-itp  grief  upon  her  Cnuaa 
through  the  ntrroM  lyitim. 
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view  all  the  cliniiees  of  failure,  the  former  will  increase  the  power  of  the 
Tolitiotiai  etfoi-t,  anti  the  latter  will  (liDiioish  it.  Aud  they  exert  also  a 
dii-ect  iiilluence  on  the  physical  powers,  through  the  organs  of  circulation 
and  reapirjitioD  ;  the  heart's  iinpulses  being  more  vigoroiiH  and  it'gidar, 
and  tho  aeration  of  the  blood  being  more  Kfleetiinlly  performed,  in  the 
former  of  these  oonditions  than  in  the  latter — But  an  altogether  contrary 
efiect  may  be  jiroduced  by  the  operation  of  these  two  classes  of  Emotions 
through  the  second  of  the  above  chauuela.  For  the  more  comjilctely  the 
inentiil  energy  can  be  brought  into  one  foeua,  and  all  distracting  objects 
excluded,  the  more  powerful  will  be  the  volitional  effort;  and  the  effect 
of  emotional  excil«ment  will  thua  in  gi"eat  degree  depend  upon  the  intel- 
lectual constitution  which  the  individual  may  happen  to  possess.  For  if 
he  have  a  conaidci-able  power  of  abatraction  and  concentration,  and  a  full 
conviction  tlmt  he  Ims  selected  the  best  or  the  only  means  to  aceotaplish 
hi*  end,  the  intenscst  fear  of  the  consequences  of  failure  will  only  increase 
the  forwi  of  the  motive  which  prompts  the  effi)rt ;  and  the  whole  energy 
of  which  hifl  nature  is  capable,  will  difijiliiy  itself  ill  the  attempt.  In  a 
man  of  this  temperament,  the  most  joyous  anticipation  of  success  will 
proiluce  no  abatement  of  liis  efforts,  no  distraction  of  his  atteutioa,  but 
will  rather  tend  to  keep  him  steady  to  his  purpose  luitil  it  shall  have 
been  accomplished;  and  then  only  does  he  dare  to  abandou  himself  to 
the  current  of  ideas  which  roUs-in  upon  his  consciousness,  so  HO<m  as  hia 
attention  is  free  to  entertain  them.  But  the  mind  which  is  deficient  in 
the  power  of  comwiitrativeness,  is  lamentably  deranged  by  any  kind  of 
emotional  excitement,  in  the  performance  of  any  volitional  effort.  For 
the  fear  of  failure  is  constantly  suggesting  to  him  new  distresses,  weakens 
hiH  conffdenue  in  any  method  suggested  for  his  action,  and  makes  him 
direct  his  attention,  not  to  some  fixed  plan  as  the  best  or  the  only  feasible 
one,  but  to  any  and  every  means  that  may  present  a  chance  of  success,  or 
may  even  serve  to  avert  his  thoughts  fi'oni  the  dreaded  aitiiatrophe; 
whilst,  on  the  other  hand,  the  joyous  anticipation  of  success  leads  him  to 
allow  bis  thoughts  to  direct  themselves  t<iwards  all  its  agreeable  conse- 
quences, instead  of  fixing  his  intellectual  and  volitional  energy  upon  the 
means  by  whicli  sin'Cess  is  to  be  attained. 

62li.  If  this  be  the  true  solution  of  the  mode  in  which  the  Emotions 
chiefly  affect  the  exercise  of  our  Volitional  powers,  we  should  expect  that 
similar  etf'ectfl  might  he  induced,  without  any  Etnotionii!  excitement,  by 
means  which  affec:t  the  Intellectuid  consciousneus  alone ;  and  that  thus  an 
action  otherwise  impossible  to  the  iu<lividual  mny  be  performed  by  him, 
if  ( 1 )  his  mind  bo  jiosacsscd  with  a  full  aaaurance  of  success,  and  (2)  if  his 
entire  motor  energy  be  concentrated  in  the  single  exertion  ;  whilst,  on  the 
other  hand,  an  action  which  can  beordinaiily  performed  with  the  greatest 
fiicilitj  may  become  absfdutely  impossible  to  him,  if  (I)  his  mind  bo 
entirely  possessed  with  the  idea  of  its  impossibility,  or  even  (2)  if,  while 
his  jtidgnient  entertains  (|i>ubts  of  success,  hjs  attention  be  distmcted  by 
a  variety  of  objects,  bo  tbat  he  cannot  bring  it  to  Ijear  upon  the  one 
effort  which  may  alone  be  needed. — Now  exjieiience  shows  that  such  is 
really  the  case;  but  bh  this  experience  is  the  most  rcnmrkalile  in  regai-d 
to  certain  statta  of  the  miud  in  which  these  two  ino<les  of  operation  may 
be  workeil  in  combination,  it  will  Iw  sufficient  to  refer  to  them  for  the 
demonstration  (^§  tititi,  672}. 
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6S7.  Sveet»»unm/ Psychical  Statfa. — Tbe  Mind,  when   not 
m  Sensalioiial  or  Perceptive  iicta,  is  iiicesaaiitty  ooMipicd  in  Miwbay; 
whole  inner  life  being  a  Wfceesfion  nf  Iiieas  and  £inotii>nt,  olilv  : 
by  SItjfp  anct  Death,  or  interrupted  by  the  conooutmtion  uf  ita  Mt% 
on  iinpresaiona  newly   received  tjrom   external   ulyecta.      Now 
difference  of  opinion  there  may  be,  in  regard  to  the  dt^nw  in 
ordin&ry  laws  of  Causation  ore  npplicable  to  Mental  pbenoiuama  (ibI 
words,  IIS  to  how  far  each  otate  of  cou»ciou^c«s  may  he  cofuud 
dete^riniiietl  by  its  antecedents),  all  are  agreed  that,  in  each  it 
there  are  certain  uniformiiie*  of  metUal  action,  which  constitute  ' 
termed  hta  ChiLrm-tur ;  and  that  these  unifonnities  are  in  jiart  thaf 
of  his  congenital  coustitntion,  and  in  part  of  tlie  circamstanom  in  1 
he  may  have  been  placeil;  Imtli  of  which  sets  of  ioflneueM 
establish  certain  CemleiicUfi  lit  Ow'ujlu,  wliiob  uituiift«t  tbtannnlTn  , 
ordinary  uourse  of  action,  as  well  as  in  the  more  exprcea  ]>n>dactB4 
Mental  labour. — Thus  wo  find  the  Intellectual   cliaxiwtcr  of 
vidual  to  consist  in  the  predominance  of  certain  'Tntellecinnl  F» 
which,  as  we  shall  hereafter  aee,  arc  only  deaigiiiitions  furpurttfitlari 
of  Intellectual  activity ;  und  heuce  we  can  predicnle,  to  u  certain  i 
the  nature  of  the  result  at   which  his  ^lind  will  tirrive  by  ila  n 
upon  a  given  subject.     So,  again,  Ids  Moral  cliaracler  will  drpeBil 
the  combination  which  niay  exiiit   in  hii  individuul  nature,  tt( 
Einotiouiil  tendenciea,  which   nut  merely  furnish  a  largn  shsiv 
governing  motives  of  his  actions,  but  which  also  DODtri!>ut«  Ui  ■ ' 
important  measure  to  the  direction  of  his  thoughts,  in  viilua  «f  I 
of  OUT  uature  which  lead&  us  to  dw^il  a\x  these  mbject* 
pluasm-nble  feelings  are  associated,  and  to  withdraw  our  cont 
frain  those  wliich  are  accompanied  with  feelings  of  jiaiii  or  (lis 
Now  in  so  lar  as  the  succession  of  our  thoughts  take»-pla<^-  in  i 
with  the  /labit'ules  which  arc  thus  determined,  umy  we  considiW  I 
character  is  formed  y!w  us,  rather  than  & v  us ;  and  may  look  up 
MentuI  activity,  whether  it  niauifeat  its«lf  in  the  form  of  Tboo 
Feeling,  as  no  leas  Automatic  than  the  instinctive  opcvrationsofthel 
Animals,  though  far  more  elevated  in  its  nature. 

G28.  But  our  own  consciousness  tells  us  that  there  is  Boiiuttiqill 
our  Psychical  nature,  that  is  beyond  and  above  this  automntio  fxcrani 
our  powers ;  and  that  the  direction  of  our  thought^  within  oertniu  llmiN 
is  placed  under  the  control  of  the  Will.  Theee  limits  arr  \t 
universal,  and  partly  peculiar  to  the  individual.  It  may  be  stataliK 
fundamental  axiom,  that  the  Will  can  originate  nothing ;  ita  power  I 
limited  to  the  ee/^ctioit  and  iiili^iuririciUiun  of  wjiat  is  uctiwlly  tK^ml 
consciousness.  Thus  no  one  has  ever  acquired  the  creative  power  i 
Genius,  or  iiuu/c  liiniae!/  a  great  Artist  or  a  great  Poet,  or  •^■littitt  i 
practice  that  jioculiar  insight  which  charauterises  the  original  I ' 
for  these  gifts  are  mental  instincts  or  intuitions,  which  niav  l" 
and  strengthened  by  due  cuIti\-ation,  but  winch  can  u^■^■  ■ 
tie  noi-o.  It  not  unfrequently  happens,  however,  thai 
dormant,  until  some  appropi-iatc  impression  excitts  theui  to  Mmxilrl 
and  it  is  then  that  we  most  obviously  see  what  the  Will  cmn  lio  to  purfw 
and  utilize  them,  by  exercising  them  under  circnniBtancce  inosi  fiUnl  I 
expand  and  elevate,  and  by  restraining  them  from  all  that  would  limitl 
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debase.  In  regard  to  nvery  kind  of  mental  activity  that  does  not  involve 
origination,  the  powiir  of  the  Will,  though  limited  toaeleotion,  iaotheTAriae 
unbounded.  For  although  it  cannot  dii-ectly  bring  objects  before  the  con- 
aciounneaB  which  are  not  present  to  it,  yet  it  can  concentmt*  the  mental 
gRTC  (so  to  Hpeak)  ii]ion  nny  object  that  may  be  within  its  reach,  and  can 
make  use  of  this,  as  we  shall  hei-eafter  see,  to  bring-in  other  object*  by 
suggestion  or  association.  And,  moreover,  it  can  virtually  detemiine 
what  shall  nof-  be  regarded  by  the  Mind,  through  its  power  of  keeping 
the  attention  lixed  in  some  other  direction  >  and  thus  it  can  eiibduo  the 
force  of  violent  impulse,  and  give  to  the  conllict  of  opposing  motives 
an  issue  quite  different  from  tjiat  which  would  ensue  without  its  inter- 
ference. This  exei-ciso  of  the  Will,  moreover,  if  habitually  exerted  in 
certain  directions,  will  tend  to  form  the  'chanioter,'  by  establishing  a  set 
of  arqiiired  kabUiulai;  whicL,  no  less  tlian  those  dependent  upon  original 
constitution  and  cii'cumstnucea,  help  to  determine  the  consequences  of 
any  particular  state  of  the  thoughts  and  feelings. 

629.  We  have  seen  that,  in  those  actions  of  the  Nervons  system  (as  of 

other  parts  of  the  body)  in  wliich  the  Will  is  not  concerned,  we  have 

simply  to  consider  the  two  elements  of  wliicli  we  take  acconnt  in  all 

scientific  inijuiry;  namely,  the/orce  that  operates,  and  the  or</a it ii«rf  gtnu:' 

tare  on  and  through  which  it  operates, — in  other  words,  the  dynamical 

agency,  and  the  material   conditions.      And  if  we  could  iniiigino  ii  being 

to  grow-up  fi-om  infancy  to  maturity,  with  a  mind  in  the  state  of  that  of 

lfc»  '  biologized' subject  (§  6T2),  we  should  see  that  it  would  be  strictly 

^■ooirect  to  s|}eak  of  his  chaiiLcter  as  fonaedjbr  him  and  not  bt/  him  ;  all 

H^tis  thoughts,  feelings,  and  actions  being  but  the  reflex  of  his  own  nature 

"■apon  the  impi'essions  made  upon  it;  and  that  nature  being  detorndned 

in  part  liy  original  constitution,  and  in  part  by  the  mode  in  which  it  is 

habitually  called  into  action. — Tliis  last  condition  is  one  that  is  pecullitr 

to  a  living  and  growing  organism;  and  it  is  one  which  cannot  \te  too 

strongly  or  too  constantly  kept  in  miud.     A  mere  inorganio  substance 

reacts  in  precisely  the  same  mode  to  mechanical,  chemioiil.  electrical,  nr 

other  ^encies,  however  frequently  these  are  brought  to  Iwar  upon  it, 

provided  it  has  been  restored  to  its  original  condition ;  thus  water  may 

be  turned  into  steam,  the  steam  condensed  into  water,  and   the  water 

laised  into  steam  again,  any  number  of  times,  without  the  slightest 

vmiation  in  the  eflbcts  of  the  heat  and  cold  which  aiv  the  efficient  causes 

of  the  change.     But  every  kind  of  activity  jiecnliar  to  a  living  body, 

involves  (as  has  been  repeatedly  shown)  a  change  of  strneture;  and  the 

^_  fonnation  of  the  ucwly-generated  tissue  receives  such  an  influence  from 

^b  the  conditions  under  which  it  originates,  that  all  its  subsequent  activity 

^^  displays  their  impress.     The  readinoas  with  which  particidar  habitudes 

of  thought  aiy;   formed,   varies   greatly  in   different  individuals  and  at 

different  periods  of  life.     As  a  general  ndc,  it  ia  far  greater  during  the 

'        period  of  growth  and  development,  than  after  the  system  has  come  to  its 

^^  ftdl  maturity;  and  remembering  that  those  new  functional  relations 

^■between  other  parts   of  the   Nervous  system,   which   give   rise   to   the 

I        '  seeondiiriiy-automatia '   movements   or   acquired    instincts,  are   formed 

i        during  the  same  [)eriod,  it  seems  fair  to  surmise  that  the  substance  of  the 

^K  Cerebrum  ijruiai-lii  the  conditions  under  which  it  is  habitually  exercised. 

^K  Hettce.  as  its  subsequent  nutrition  (aooording  to  the  genei'al  laws  of 


S92 


FttNCTIOHa  or  THE   CEREDHO-SPtHAL  HBaVOTTS  SrSTBH. 


oBslmiJ.ation,  §  346)  tukea-plttce  on  the  same  plan,  we  can  understiuid  ihi 
wi'll-fcnown  force  of  early  uaaooiationa,  aud  the  obatinato  iwraLetence 
early  habits  of  thought. 

0;iO.  This  view,  iudoed,  must  be  extonded  to  that  remarkable  her^tHearif 
tTaiimitijision  of  j)svc!iieal  character,  which  pn.^euta  itself  under  circuiu- 
Htnnces  that  entirely  forbid  our  atti'iliuting  it  to  any  agency  tiist  can 
opemte  subsequently  to  birth,  and  which  it  would  seem  inipoasible  to 
a«ooimt-far  on  any  other  hypothcaia,  tlinu  that  the  fomiative  cnpsicity  of 
the  germ  determines  the  subsetiueut  development  of  the  Bmin,  aa  of  other 
parts  of  the  body,  and  (tlii'ough  tbisi)  its  mode  of  activity,  in  accordauco 
with  tiie  influences  uiider  which  that  germ  was  lirst  lmpi'egaat"?d.  And 
thus  whiit  we  spenk-of  Bs  the  'original  conatitiition '  of  eacli  individnal, 
is  ill  great  part  (if  not  entirely)  detenaiued  by  tha  conditions,  dynamical 
and  material,  of  tbt'  parent- organisms ;  a  convincing  proof  of  which 
gcnei'al  fact,  is  afTorded  by  a  careful  examination  of  the  pareiiLi]  consti- 
tution and  habits,  in  a  large  proportion  of  cases  of  Idiocy.*  Whatever 
iniiy  be  the  congenital  coUBtitiition,  however,  there  can  be  no  question 
that  this  18  liable  to  great  modification  from  external  lufliiences,  both 
such  as  directly  affect  its  physical  eouditiona,  and  such  as  operate  through 
the  cnnsciousnet^s,  in  deteiinining  the  course  of  thought  and  ft'cling, 
before  the  individual  has  acquired  auy  self-detcnniniiig  power.  Of  this 
influence  of  physical  agencies,  we  have  a  tyi'ieal  example  in  the  pheuo- 
mcna  of  Crotiiiisin ;  since,  although  the  conditioDS  under  which  that  sUI« 
is  developed  have  not  yet  been  precisely  determined,  no  one  can  reasonably 
doubt  that  they  are  such  as  act  in  the  first  instance  in  modifying  the 
nutrition  and  activity  of  the  bodily  organism  in  general^  and  of  tlio 
Nei-vous  system  in  particular. 

C31.  But,  further,  the  psycliioal  tendenciea  of  every  one  uitdergo  a 
coiiHoeutive  change  in  the  progress  of  life.  Infancy,  Childhood,  Youth, 
Ailolescuuce,  Adult  age,  the  period  of  Decline,  and  Senility,  liave  all 
their  cliaractcristiic  phnsea  of  psycliical  as  of  pliyaical  development  and 
decline ;  and  this  ia  shown,  not  merely  in  tho  general  advance  of  the 
Intellectual  powers  up  to  the  period  of  middle  life,  and  in  thdr  sub- 
sequent decay;  but  in  a  gradual  change  in  the  balance  of  those  springs  of 
action  which  are  funiiNlied  by  the  Emotional  states,  the  pleaaurei  ami 
pains  of  each  period  being  (to  a  certain  extent)  of  a  different  order  from 
those  of  every  other.  This  diversity  may  be  partly  attributed  to 
changes  in  the  physical  constitution;  thus,  tlie  aexual  feeling  which 
has  a  most  powerful  influence  on  the  direction  of  the  thought*  in 
ndolescunce,  adidt  age,  and  middle  life,  has  comparatively  little  eBvct  M 
the  earlier  and  later  periods.  So,  ajjain,  the  thirst  for  novelty,  and  tUo 
pleasure  in  mental  activity,  which  80  remarkably  characterixc  the 
young,  when  contrast^id  with  the  obtuseneaa  to  new  impressions  and  the 
pleasure  in  tranquil  occupations,  which  mark  the  deeline  of  life,  may 
jierhajts  be  attributed,  in  part  at  least,  to  tho  greater  acti%-itv  of  the 
changes,  both  of  dis integration  aud  repa:ution,  of  which  the  Ncrvoos 
syatem  (in  common  with  the  rest  of  the  orgnni/ed  fabric)  is  the  subject 
during  the  earlier  part  of  liti!,  aud  to  its  diminished  activity  as  vtnrs 

*  A  tDLwt  valaubltj  collet^on  of  is^ia,  i>D  tlaa  Aabji^t  in  nfT^nleil  Ity  Dr.  ITov^'n  iMlnunUc 
'  Report  un  Idiocf'  madL'  I"  the  Legislnture  uf  MmeiichuMtM,  or  whirb  lu  abatncl  n  cdb- 
t&iued  iu  the  "  Americsa  Jaiu^rU  of  the  Medical  BcieDoea,"  April,  IS19. 
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advance.  But  there  are  other  chftngea  which  Cfttmnt  be  so  diBtinctly 
traced  to  any  [ihysif^t  source,  but  which  yt-t  are  sufficieutiy  coustiiiit  in 
their  occurrenee  to  justily  their  beiug  regarifecl  as  a  part  of  the  develop. 
mental  history  of  the  psychical  nature;  ao  that  each  of  the  'Seven  Agea 
of  Man'  has  ita  own  character,  wliich  may  bu  with  difficulty  deliucd  in 
worda.  but  which  i»  recognized  by  tlio  uj)|ireheuaion,  ud  it  forces  itself 
n|pon  the  experience,  of  eveiy  one. 

632.  Lawn  nf  Asaociation. — The  moat  powerful  agency  in  the  Aato- 
matie  determination  of  the  snccetaion  of  our  Meiit-il  states,  is  un- 
doubtedly that  tendency  which  exists  in  all  Minds  that  have  attained 
the  Ideational  stage  of  development,  to  the  Aanociatiim  of  hlixis;  that  is, 
to  the  foniiation  of  such  a  connection  between  two  or  more  ideas,  that 
the  pre^nce  of  one  tends  to  hi-ing  the  other  also  before  the  coiiHcious- 
neHS;  or.  in  other  words,  each  teuda  to  smjgesl  the  other.  Certom 
XiawB  of  Association,  expreaaive  of  the  conditions  under  which  this  con- 
nection is  formed,  and  the  mode  in  which  it  acts,  have  been  laid  down 
by  P.sychologiata ;  and  theae  may  be  concisely  stated  as  follows; — 
1.  L<ao  iif  Vontiffaity.  Two  or  more  stiitca  of  con.sci oils n ess,  hubitually 
existing  togethei'  or  in  immediate  succession,  tend  to  cohere,  so  that  the 
fiiture  occiirrence  of  any  one  of  tiiem  ia  auSieieiit  to  restore  or  ["eiive 
other.  It  is  thus  (to  take  a  simple  illustration)  that  tjie  impressiona 
upon  our  sensational  consciotisness  by  natural  objects,  which  are 
y  received  tiiroiigli  two  or  more  senses  at  once,  are  comjiactcd 
those  aggregate  notions,  which,  howi-ver  simple  they  may  appear, 
B.re  really  the  result  of  the  intimate  combination  of  many  distinct  states 
of  ideation.  Thus  our  notiou  of  the  foriii  of  an  object  is  niade-up  of 
aeparate  notions  derived  fi-om  the  visual  and  muscular  Henses  reapeo- 
ttvfily;  our  notiou  of  the  character  of  Its  surtatie,  from  the  cumhination 
of  impressions  received  through  the  visual  and  tactile  senses;  and  with 
"both  of  lliese  our  notion  of  colour,  as  in  the  cuae  of  an  orange,  may  be 
eo  blended,  that  wo  do  not  readily  conceive  of  its  characteristic  form 
aiiil  flurfiice,  without  also  having  before  our  niinda  the  hue  witli  which 
thew  have  been  always  asaociateJ  in  our  experience.  So,  again,  tlie 
external  afl|)ect  of  a  body  suggests  to  our  minds  its  internal  arrangement 
aud  qualities,  such  as  we  have  before  found  them  invariably  to  be;  thus, 
to  uae  the  preceding  illustration,  the  shaj)e  and  colour  of  the  orange 
liriuK  before  our  conscioiianesa  ita  iiiigrant  odour  and  agreoahle  taste,  as 
well  as  the  intemal  structure  of  the  fruit.  And  our  notion  of '  an  orange' 
must  be  conaidei'ed  as  the  aggregate  of  all  the  preceding  ideas. — Not 
only  the  different  ideas  excited  by  one  object,  but  thoac  called-up  hy 
ol^ects  entirely  dissimilar,  may  thus  come  to  he  as.sociated,  provided 
that  the  mind  has  been  accustomed  to  the  presentation  of  tliem  in 
frequent  contiguity  one  with  the  other.  Such  conjunctions  may  be 
natural,  that  is,  they  may  arise  out  of  the  'order  of  nature;'  or  they 
may  be  artiticial,  being  due  to  human  arrangements;  all  that  is  requisite 
is,  that  they  should  have  sufficient  permanence  and  eonatancy  to 
tialiituate  our  minds  to  the  association, — Of  this  law  of  contiguity, 
TOormiviT.  we  have  a  most  important  example  in  the  aaaociation  which 
the  mind  early  learns  to  form  between  succeaaive  eiwi/s,  so  that  when 
the  firat  baa  been  followed  by  the  second  a  sufficient  number  of  times  to 
form  the  aasociatiuu,  the  occurrence  of  the  tiiiit  suggests  the  idea  of  the 
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aaoond;  if  that  idea  be  Teri£«>d  by  its  occurrenct^  a  definite  expwiatv 
ia  formed ;  and  if  Umt  uspectatiou  be  iinftiiliiigl;  realined,  the  idea 
aciiuirea  the  atrengtb  of  a  bdlrj'.  And  tliiis  it  is  tlint  we  conie  lo 
iic(|uirt'  that  piirt  of  the  notion  of  '  cauBe  and  effect,"  wliicU  oonsisls  in 
invariable  and  ueoe^efiry  seigtience,  and  to  form  our  tiiodainental  con- 
ccptioa  of  the  inviLriability  uf  Nature.  It  is  by  the  aame  kind  of 
operation  again,  tbnt  wc  come  to  employ  vordii  aa  the  synibola  of  ideas, 
for  the  convenience  of  intercom miinicatiiin  and  refereucc  (J  613);  a  cer- 
tain number  of  repetitions  of  the  sound,  concurrently  with  the  sight  of 
the  olijoct,  or  the  suggestion  of  the  notion  of  that  object,  being  sufficient 
to  establish  the  requii'ed  relation  in  our  minds.  Of  the  largo  aharo  which 
thid  kind  of  aetion  takes  in  tlie  operations  of  Menwrn  and  BeetAUetion, 
evidence  will  be  presently  given.* 

G33.  But  a  not  leas  imjxirtant '  teodency  to  thought,'  and  one  wlioae 
operation  is  Diore  concerned  in  all  the  higher  exeruises  uf  our  Iii?3i£oning 
faculties,  is  that  wliich  may  be  eKprcsscii  under  the  designation  of  tiie 
Law  of  aiiiiilarity,  and  which  consists  in  the  general  fiiet  that  any 
present  titate  of  eonHcioiuiness  tends  to  revive  previous  stiitos  that  are 
aimilur  to  it.  It  is  thus  that  we  instinctively  invest  a  new  object  with 
the  attributes  we  have  come  to  recogui/e  in  one  that  we  have  pre- 
viously examined,  to  which  the  now  object  bears  such  a  resorciblancc, 
that  the  sight  of  the  latter  suggesis  those  ideas  which  our  minds  connect 
with  the  former.  Thus,  we  will  suppose  a  man  to  hove  once  seen  and 
eaten  an  orango;  when  ho  sees  an  oraugc  a  second  time,  although  it 
may  be  somewhat  larger  or  smaller,  somewhat  rougher  or  suioothur, 
Bomewhnt  lighter  or  diirker  in  hue,  ho  recognizee  it  an  'an  orange,'  and 
mentally  assigns  to  it  the  friignuice  and  sweetish  acidity  of  the  one 
which  he  had  [ireviously  eaten.  But  it,  instead  of  being  yellow,  the 
fruit  were  green,  he  would  donht  of  its  being  an  orange ;  and  if  assuml 
that  it  still  was,  but  had  not  come  to  maturity,  he  would  do  longer 
expect  to  find  it  aweet,  the  notion  of  intiinse  aciiUty  being  suggested  to 
his  mind  by  his  previous  experience  of  other  grtmu  and  unripe  fruit — 
It  is  in  virtue  of  this  kind  of  action,  that  wc  extend  those  cIcmeutMy 
notions  which  are  primarily  excited  by  sensation,  to  new  objecte,    Tbu>i 

■  II  is  a  CDriunit  eiunpla  uf  the  KUtomulic  utiaD  of  tbu  miiid,  in  oi^ourdMiec  wilb  Ikl 
bwi  of  AModatiiiD,  tbst  a  juung  chijij  who  linp|»nB  to  posHse  two  modtm  of  ccounmioM- 
ing  it<  idcBs,  ttetna  imiKituciou^l;;  tu  wlect  that  wfainh  is  funfunaaUo  to  tlie  ruee]ilinl;  vl 
Ibfl  penoa  ■ddraaed.— Thus,  Ur.  C.  B.  idul'^lill'i.'  ("  Philotoplij  uf  Vital  M^liun,"  p.  1>7I 
mentiaua  the  cue  of  a  cbiltl  beluuginii  lu  oii  Ei^gJiah  funily  ivaiilimt  id  Ocnnauj,  whu  W 
Mquinal  the  power  of  speaking  en  ordinnry  loiittcrB  uiclii^i  in  (^nuiui  or  Bogliah,  vtlboal 
Oaofnsng  the  words  or  idii-niB ;  but  who  yet  neemed  iDvnriublj  corupellHl  to  n-plf  in  thv 
UoglUtge  of  tlie  i4erMin  be  niia  addreanng.     Thus,  tu  cunrejiiig  B  oiMBig*  to  hii  Gcnun 
nuEKTy'iiMicl,  hti  dGlivKTai  it  in  Gf^rmaa,  thougb  It  bftU  hmi  received  the  mumtut   pTv- 
tidiibIj  in  Rnglinh;  Lut  on  mturuiiig  U)  the  EngliBb  family  id  tlii^  pulour,  if  uIiaI  vhM 
the  maiil   bitd   rviid,  he  umwurod  ia  Kugli^b  of  often  b«  the  qaeetiou  wju  ifrvpaaBil  la 
Enidixb  ;  nod  cvea  th'mgh  preHsed  to  pv«  the  words  be  luul  heorxl  in  the  avzmtj,  b*  tSU 
ooDlinued  to  ilu  the  Hame,  withDHt  uvcmiog  to  bo  aware  of  the  dlfleraiue.      But  if  tb* 
qDestioD  wa»  put  to  bim  in  Germui,  the  answer  wdb  in  Genoan,  tfaers  being  tliv  <UM 
inabdily  to  rtplji  iu  Eugl  isb,  lui  there  had  previouslj  be«n  lo  give  a  Qannan  uuw  er  to  . 
the  English  question.— So  Br,  Kitt-i  ("The  Lout  SensM,"  Tol.  L  p.  97)  toUi  n»  that  liiiJ 
obitilreii.  in  their  yucaisflive  infnni'iea,  would  begin  to  imitate  the  Gi^BT-laiigut^  wkminr  \ 
IAfjiiuvi  Aim,  oren  whilnt  thi'j  werp  yi't  in  nnuK,  and  (xmhl  bnvn  bad  no  tm»  ringnlMTmi  SF  j 
hii  peculiar  eonititioD. — The  more  enrcfully.  indeed,  the  hctions  of  Childhood  km  uhaorml,  J 
the  iQure  olivioiw  dues  it  beuume  that  Ihuj  nn  mAe\y  prumplwi  bj  iJeu  and   frrlinin  j 
wbiub  antumatiuatlj  tmcceod  one  auuthei,  in    umwnUoUed  acvunliUHis  irilli  the  la**  >^J 
an^g^tiuD.  ■ 
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the  idea  of  rounduosa  (like  other  notiona  of  form)  in  origiiudly  buseH  oa 
the  comLtnittinu  of  the  niuiwiiJHr  iiiitl  vi.suiil  sensation  a,  anil  must  be 
at  acquired  l>y  il  [irocesr*  'if  considei'ablf  complexity;  but  whtn  oneo 
Serived  from  tbc  exauii initio n  of  a  single  object,  it  ia  readily  extiinded 
I  other  objects  of  tbo  aame  cbanicler. — So,  ngiua,  it  is  by  tho  opei'iition 
■  this  mental  tendency,  that  we  recf.fjiuze  aimilarity  where  it  t^xists  in 
lie  mitlst  of  ditference,  and  soiiai'ate  the  [loints  of  agreement  from  those 
'  diauordance  j  and  this,  again,  not  merely  (is  i-eganla  objects  wbicL  arc 
VAire  our  ooiiBcioiisnesB  at  the  siinie  time  or  in  clow!  snccesaioii,  but 
llMt  with  regaiil  to  all  pust  Htates  of  cniiHciouaiieBB,  It  is  thus  tliab  wt* 
idtntifij  and  covtpare.  that  we  lay  the  foiindntions  of  cinasifieatioa,  and 
that  wo  recovtT  all  ptist  irapreasiouB  which  havu  auytliing  iu  common 
with  our  present  state  of  coiiaciouaneffl.  Tlie  intenaity  of  tins  tendency, 
&ud  the  liabitunJ  directidu  wliich  it  takes,  vary  extremely  in  different 
individuals.  Some  have  so  great  an  incapacity  for  recognizing  simi- 
^Jftrity,  that  they  can  only  perceive  it  when  it  is  in  marked  prominence, 
lieir  minds  taking  maeh  stronger  note  of  ditfereuces ;  whilst  others 
'TiRVO  a  strong  birts  for  the  detection  of  i-eaemblanoea  and  analogies,  and 
liiBCover  them  where  ordinary  minds  cannot  recogniw;  tliem.  Some, 
_ttin,  ftddreaa  themselves  to  the  discovery  of  similarity  nmoug  objects 
Bf  aense,  whilst  otliem  study  oidy  those  idena  which  are  the  objects  of 
our  internal  cousciousnene ;  and  it  ia  in  the  detection  of  what  ia  c-sseu- 
tiaUy  similar  among  the  hitter,  that  all  the  higher  operations  of  the 
intellect  essentially  consist.  Even  here  we  finil  that  some  are  contented 
with  Bupcriiciid  analogies,  wbiJiit  others  are  Dot  satiafied  until  they  have 
penetrated  by  annlysia  to  tho  depths  of  tho  subject,  and  are  able  to 
oomjiare  its  fundamental  idea  with  others  of  like  kind. — It  may  be 
remarked  that  thla  modu  of  action  of  the  mind  is  in  some  degree 
oppotted  to  tho  preceding ;  for  whiJat  a>nlli/itily  leada  to  tho  arranging 
of  ideas  aa  they  happen  to  present  ihemaelvea  in  natiind  juxtaposition, 
and  thus  to  indnee  a  routine  which  i»  often  moat  immeiming  (§  67G), 
mmilarily  breaks  tlirough  juxtaposition,  and  brings  t^igether  like  objects 
^■£"001  all  quarters. 

^B     (334.  It  ia  this  habit  of  mind,  which  is  of  essential  value  in  all  the 

^Hsciences  of   Cl^msifi^iUion   and    iTtduction.      Thus,   in   the  formation  of 

^Pgeneric  definitions  to  include  the  charaetera  which  a  numtier  of  oViject-B 

^^  have  in  common,  tlieir  aul ordinate  ditierenees  being  for  a  time  left  out 

of  view,  we  are  entirely  guided  by  the  recognition  of  similarity  between 

tho  objects  we  are  amnging;  and  the  sanie  is  the  case  iu  the  formation 

of  all  tho  higher  groups  of  families,  orders,  and  clnaaes,  the  |w>intB  of 

similarity  Iwcoming  fewer  and  fewer  aa  we  proceeil  to  the  more  comprc- 

^^  teuaive   groups,   whilrt    those    of   difl'ereneo   increase    in   corrcsiionditig 

^■proportion.      The  sagacity  of  the  Naturalist  ia  shown  in  the  aeltition  of 

^■the  beit  [joints  of  resemblance,  na  the    foundation   of  this   claaaificatioD ; 

the  value  of  characters  being  determined,  on  the  one  hand  by  their  con- 

BtAncy,  and  on  the  other  by  their  degree  of  coincidence  with  important 

features  of  general  organization  or  of  physiological  history."     In  the 

^H  *  TbnB,  fur  example,  it  ia  now  ^enemllj  ulniitlci)  amiiD|:>t  Zoij]r>gii;U,  Uinl  Lhc  Inj|>U- 
^H  ecDtol  Munmalm  Hhniild  uiDaCilnlc  n  mii»mtc  nnb-cl.iaa,  in  viHui'of  theiiei.-Dluiri.-iFnf<>niii- 
^H-tiun  of  Lbdr  ^enerallTe  &i>|AraLDB,  inflteaii  of  Iwiug  distributed  mnionj;  athur  Onlera,  aalhey 
^^LwMo  left  by  Cavi«r. 
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dptermination  of  PbvRical  Itiwa,  the  prooisa  ia  fioinewhitt  of  tlur 
kind  j  but  the  similuritieB  with  whicli  we  have  h<Te  lu  iln,  are  cul,  i 
the  preceding  case,  objectivo  reBCinblances,  but   njtitit   <mly   mnui 
HuKjeotive   ideoa   of  the  nntui-e  und  CAuace   of  the  jOii'iiciinrua  U 
under  our  consideration.      Thus,  there  ia  no   obvious   ndHlioii  tiiA« 
the  fall  of  a  .stone  to  the  Earth,  and  the  mutiuii  of  tli>'  Mo<in  in  < 
elliptical  orbit  around  it;  but  the  penetrating  mind  of  Ni'Wtun  defc 
a  relation  of  common  eausation  between  these  two   pheiiDtnrnA.  ' 
enabled  him  to  express  them  both  under  one  law.     It  wna  \iy  •  10 
intellectual  perception  of  similarity,  that  Franklin  wns  li-il  to  dnt 
the  identity  of  Lightning  with  the   spark  from  an   Electricnl 
And  it  would  be  easy  to  show  tlmt  it  Laa  been  in  their  e«l 
development  of  this  power  of  recognizing  aausativr  aoiilnrity,  1« 
B  Idail  of  Intuitive  perception  of  ita  existence  whprc  as  yi-t  no  i 
ground  can  be  aasignt-d  by  the  Reason  for  such  a  ri'l«tiuiiBhi|p,  (ludj 
men  havo  been  eminent,  who  have  done  the  most  to  ad>iuuM  I 
the  process  of  inductive  generalization. 

G3d.  The  same  kind  of  mentid  action  is  also  emgilnyed  in  tlip  i 
direction;  namely,  in  that  application  of  ([enenil  hi"«-3  to 
inatances.  wliich  constitutes  Deditilit'e  lieasoniuc/ ;  and  in  tliftt  vx 
of  generic  definitions  to  new  objoots,  which  takes-place  ufioa 
discovery  of  n  new  species.  We  may  trace  it  agun,  even  in  the  i 
sion  of  the  moaoing  of  woi-ds  so  as  to  become  applicable  to  do*  i 
of  ideas,  in  consequence  of  the  resemblance  whicli  thi;  latter  an  I 
bear  to  those  of  wlUch  the  words  were  previously  the  symbols :  ts ) 
application  of  the  word  'head,'  which  primaiily  dcagnat^d  thol 
elevated  part  of  the  human  body,  in  such  phrases  as  the  'hmdj 
house,'  the  '  head  of  a  state,'  the  '  bead  of  an  army,'  the  '  head  of  a  ] 
in  each  of  which  the  idea  of  superiority  and  command  is  involved;  < 
the  phi-ascs  the  'hejids  of  a  discourse,' or  the 'heads  ofani 
in  which  we  still  ti«ce  the  idea  of  authority  or  direction ;  or  U 
plirases  the  '  hejid  of  a  table,'  the  '  head  of  a  I'ivor,'  ia  whio 
idiia  of  superiority  or  origin  comes  to  be  locally  ai)p!ifid;  or  in  i 
'  head  of  a  bed,'  or  '  head  of  a.  coffin,'  in  which  we  have  (he 
distinct  local  association  with  the  |iosition  of  the  head  of  man. 
foregoing  applications,  those  firet  cited  belong  to  the  uattm^ 
metaphor,  which  lias  l>een  ilefined  to  be  "a  simile  comprised  in  i 
and  the  judicious  use  of  metaphors,  which  frequently  adds 
well  as  ornameatfll  variety  to  the  diction,  is  most  seen  amoti 
who  possess  a  gi-eat  power  of  hringing-together  the  '  lite'  in  the  I 
of  the  '  unlike.' 

636.  Every  effort,  in  fact,  to  trace-out  unity,  consistency,  i 
mony,  in  the  midst  of  the  wonderful  and  (at  first  eight) 
variety  of  objects  and  phenomena  amidst  which  we  arc  pi 
manifestation  of  this  tendency  of  the  Human  Mind ;  mid,  wh< 
ducted  in  uccoHauce  with  the  highest  teachings  of  th>5  Intclle 
guided  by  that  Intuition  which  in  some  minds  suitii-sedea  and  antic  __ 
all  reasoning,  it  enables  us  to  rise  towiirds  the  Cum  prehension  ftf  1 
great  Idea  of  the  "Univei-se,  which  we  boHeve  to  exist  in  the  ' 
Mind  in  a  majestic  simjdictty  of  which  wt  can  hero  but  faintly  < 
and  of  which  all  the  phenomena  of  Nature  are  Ijut  the  misnifa 
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to  our  consciousness. — With  this  purely  intcUectaal  operation,  there  ih 
fi^qiiently  associated  a  pueuliar  fetliiig  of  plejistire,  wLicli  constitutes  a 
true  Emotional  atat*.  All  the  discoveriea  of  Identification ,  where  use 
and  wont  are  snddeuly  broken  through,  and  a  conim'ia  feature  ia  made 
known  among  objects  previously  lookedn;)!!  iis  entirety  diflerent,  produce 
a  flash  of  agreeiilrle  surprise,  and  the  kind  of  sparkling  cheeriuliiess 
that  arises  from  the  sudden  lightening  of  a  burden.  There  are  few 
who  devote  themselves  to  the  pursuit  of  Science,  who  do  not  expurienco 
this  pieasuro,  either  from  the  detection  of  new  relations  of  similarity  by 
their  own  percepition  of  them,  or  in  the  recognition  of  them  as  developed 
by  others.  It  ia,  however,  much  more  inteusu  in  some  niinda  thiui  in 
others;  and  according  to  its  intensity,  will  it  act  as  a  vuAive  in  the 
prosecution  of  acientitio  inquiry  amidst  discouragements  and  diificulties. 
It  ia  recordeil  of  Nowton,  that  when  he  was  bringing  Ids  great  idea  of 
the  oiusntive  relation  between  tei-reatriai  gravity  and  the  motions  of  the 
heavenly  bodies,  to  the  teat  of  calculatiim,  lits  agitation  became  so  great, 
that  he  could  not  coiuplete  the  computation,  and  wils  obliged  to  re<jucst 
I  friend  to  do  so. 

637.  Although  the  single  relations  established  between  Ideas,  either 
through  Contiguity  or  through  Similarity,  may  suffice  for  their  mutual 
coimection,  yet  that  connection  becomes  much  stronger  when  two  or 
more  snch  relations  exist  consentaneously.  Thns.  if  there  be  present 
t«  our  minds  two  states  of  consciousness,  each  of  them  aaaociated,  either 
by  contiguity  or  similurity,  with  some  third  state  that  is  past  and  '  out 
of  mind'  at  the  time,  the  compound  action  is  more  elfective  tlian  either 
action  would  be  sepai'ately;  that  la,  although  the  suggestions  might  be 
aepaiately  too  weak  to  revive  the  past  state  of  consciousness,  they  repro- 
duc«  it  by  acting  together.  Of  this,  which  has  been  termed  the  Law  tif 
Compouiul  Amnociatwn,  wo  have  examples  continually  occurring  to  us  in 
the  phenomena  of  Memory;  but  it  is  especially  brought  Into  operation 
in  the  voluntary  act  of  Recollection  (§  C44). 

038.  Another  mode  in  wliich  the  As-sociative  tendency  operates,  is  in 
the  formation  of  aggregate  conceptions  of  things  that  have  never  been 
brought  Ijefire  our  consciou.inciw  by  sensory  improaaiona.  This  faculty, 
which  has  been  termed  that  of  Cimfti-uctiiie  AanocitUion,  is  the  foundation 
of  Imagination;  and  it  is  eicerciacd  in  every  other  mental  operation,  in 
wliich  we  pass  from  the  known  to  the  unknown.  Wlen  we  attempt  to 
form  a  conception,  which  shall  dilTer  fi-om  one  that  we  have  already 
wcperienced  as  a  matter  of  objective  reality,  by  the  introduction  of  only 
a  single  new  element, — as  wlieti  we  imagine  a  brick  building  replaced 
bv  oue  of  atone,  in  every  resftect  similar  as  to  size  and  form, — we  sub- 
stitute in  our  inindii  the  idea  of  stone  for  that  of  brick,  and  associate  it 
by  the  principle  of  contiguity  with  those  other  ideas,  of  which  that  of 
the  whole  building  is  an  iig)j;regate.  So,  again,  if  wo  conceive  a  known 
buililiug  transferred  irom  its  actual  aito  to  some  other  already  known  to 
us,  we  dissiwiate  the  existing  combinations,  and  keeji-togetber  the  ideas 
which  were  previously  scjiarated,  imtil  their  contiguity  has  so  intimately 
united  them,  that  the  picture  of  the  aupp.ised  combination  may  present 
itself  to  the  mind  exactly  as  if  it  had  been  a  real  scene  which  we  had 
long  and  familiarly  known.  By  a  further  extension  of  the  same  power, 
w^  may  conceive  the  clemuuts  to  be  voiied,  as  well  as  the  mode  of  thuir 
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combumtion ;  and  Urns  we  may  bring  bufore  our  conaeiounneas  a  repr»- 
scDtiitioii,  in  which  tiu  particular  baa  tn-er  biieu  presciit  to  our  miuda 
uuder  any  nimilar  aajiect,  and  which  is,  therefore,  its  a  ivIuUe  entirely 
new  to  Del,  notwithstauJiiig  that,  when  wu  duconijxiso  it  lut^  its  ultimata 
elcuiuntH,  we  shall  find  thut  each  of  Cheinti  has  beoo  pruviuiiBly  befoii;  our 
Consi'iou^DeBs.  Sncli  il  rtiprextintatiun,  by  being  cuntiiinaJly  dwett-on, 
mny  come  to  linve  all  tlie  force  and  ■viviiiiioas  of  one  derived  from  im 
uctuaJ  Beiisory  imiircasion ;  and  we  can  scarcely  conceive  but  that  tha 
Bctiiid  atntti  of  the  Sensuiiuin  itscll'  must  be  the  naiuc  in  Iwth  cases, 
though  this  stute  in  induced  in  the  one  case  by  an  uct  of  Mind,  mid  in 
the  other  by  objective  imjiresaionti. — A  very  conunon  tiuxl'tit  operandi  of 
thia  '  ci.iiiatructivo  asaoeiatiou,"  ia  the  realization  of  a  landscape,  a  ligure, 
or  a  couuteuatice,  from  a  pictorial  representation  of  it.  Every  picture 
vaiJiC  be  ei^wntially  defective  in  some  of  the  attributes  of  the  original, 
as,  for  example,  iu  the  representation  of  the  projectian  of  objects  j  and 
all,  therefore,  that  the  picture  can  do,  is  to  iraif</atl  to  the  miud  tm  idaa, 
which  it  compleh's  for  itself  by  this  coustnictivo  process,  so  aa  to  form 
ail  ag!^t.>!^t«  which  may  or  may  not  bear  a  resemblance  to  the  orijpialf,! 
according  to  the  fidelity  of  the  picture,  and  the  mode  in  which  it  ftota 
UI)on  tlie  mind  of  the  individual  Thus  to  one  peisun  u  mere  sketch 
ahall  convey  a  much  moi-e  accumto  notion  of  the  olijoct  repri^wentod, 
than  a  more  finished  picture  shall  give  to  another;  because  from 
practice  tu  this  kind  of  mental  reconstruction,  the  former  r^oogniaea  the 
true  meaning  of  the  sketch,  and  fills  it  up  in  his 'mind's  eye;'  nhdst 
the  latter  can  see  Uttle  but  what  is  actuidly  before  his  bodily  vision, 
and  interprets  as  a  literal  presentatitin  that  which  was  intuudeJ  merely 
as  u  suggestion.  And  it  is  now  guueraliy  admitted,  that  ia  nil  the 
higher  forma  of  representative  Art,  the  aim  should  be,  tu)t  Ut  call  inta' 
exercise  the  iticulty  of  mere  objective  rcaHnUitin,  but  to  addrest  thai 
liighei'  piwer  of  tc^^t^co/iun,  which  invests  the  conception  auf^-atn) 
by  the  rcpn.'scntatioii,  with  attributes  more  esulted  than  those  actually 
poaaessed  by  the  original,  yet  not  iuconsisteut  with  them.  It  depends, 
however,  as  much  on  the  mind  of  the  individual  addi-ussod,  as  on  thti 
of  the  Artist  liimself,  whether  such  conceptions  shall  bo  formed;  ainM! 
by  those  who  do  not  possess  this  power,  the  highest  work  uf  Art  14 
only  a[ipreciated,  ia  so  far  as  it  enables  them  to  realite  the  object  which 
it  may  represent 

C30.  JiUcUnatiaU  Facilities. — Having  thus  pointed-out  what  may  ht\ 
oonudered  the  most  elementary  forms  of  Mcnt-tl  Action,*  wo  dull 
briefly  piss  iu  review  those  more  complex  operations,  wliich  may  ba 
r^jinled  as  m  great  part  comjwundi-d  of  them.  Tlie  cajiacity  for  per- 
fonning  the,se  is  known  as  the  Intellect  or  the  Reasoning  Power;  and 
the  ca[iacitiea  for  those  various  fumis  of  Intellectual  activity,  whioh  it 
ia  etmvenicnt  to  di.>)tinguish  for  the  sake  of  making  ourselves  more  fuUy 
acipiHinted  witli  them,  are  termed  '  Intellectual  Faculties.'  It  appeen 
U)  the  Author,  however,  to  be  a  fundamental  eiTor  to  euppoae,  that  tite 

*  Id  &e  far^ning  brief  cipoaitioa  of  Itie  UwB  uul  temliiig  phoDomcna  at  Mental  Aao- 
□iatlua,  thu  AnLbur  hna  iltirived  great  nLd  from  tbe  cxiulltnt  &r(ii:lu  od  '  Tbe  BtnuB 
UtDi],'i:<iDtribaU^  ti>Mes»;rfl.  Cluiuiben^H  "  lufuruiattvij  fur  the  People,"  lif  lua  &j<md  Jlr- 
&ti'.iikuil>^  ]!a\i>. — Tbiiu^b  uiit  ni.twuiig  witk  gl]  ibo  vii-wa  i^iprniaeJ  iu  timX  uticle,  tktj 
Auth.it  unu  eordiullj  n'rouum^nii  tliv  jktu'jJ  'if  it  Iu  liii  reikivrB. 
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entire  Int^Uect  can  be  sjilit-up  into  a  certain  nuriiber  of  faculties;  for 
e^ich  faculty  that  is  (liatinguiEheii  by  the  Paychologiat,  oxpresies  nothing 
elae  thiiii  a  iiuxle  of  activity,  in  which  the  whole  power  of  the  Mind 
may  be  KUgageil  at  onco,— ;iiut  as  the  whole  [mwer  of  the  looiimotive 
Bteam-eDgiuu  may  bo  eiiijiloyeil  in  carrying  it  forwai'ds  or  baeiiwarda, 
acoordinjr  to  thu  direction  given  to  its  action.  And  ii'  this  be  tnie,  it 
must  lie  equally  erroueoiu  to  attempt  to  parcel-out  the  Cerebrum  into 
didtinct '  orgiinfl'  for  these  reapective  faculties;  the  whole  of  it  (so  far  aa 
we  can  form  a  judgment)  being  called  into  operation,  in  every  kind  of 
intcJlefituftl  process  wliich  occupies  the  attention  at  the  time. 

640.  Wo  have  seen  (§  50'i)  that  the  ConsciouanesH  may  either  be  the 
jKUtive  recipient  of  the  impressions  of  external  objects,  or  may  he  odiiie^y 
directed  towards  tliem ;  and  that  in  the  latter  state,  it  may  single-out, 
from  amongst  a  large  number  of  inipreasiona  that  present  themselves 
ainiultaneouBly,  some  |articidftr  group,  whose  force  becomes  extra- 
ordinarily intensilied,  wliilst  the  remainder  pass  entirely  unnoticed. 
This  atato  of  AUeiitimi  may  he  either  a-uiiimalic  or  votilUmiil ;  being  the 
result,  in  isome  instancea,  of  the  force  of  the  impreeaion,  or  of  the  peculiar 
■ttractivi^neas  which  the  object  may  happen  to  possess  for  us ;  whilst  it 
may  also  be  uiduccd  by  a  deturniiuate  oti'ort  of  the  Will. — Now  the  veiy 
same  ditftreijce  between  our  states  of  Consciousness  exists  in  relation  to 
Muntal  operatic  OH ;  which  may  take  pLiee,  uu  the  one  hand,  without 
more  than  a  passive  cogninvnce  of  them  on  our  own  part ;  whilst,  on  Che 
other  hand,  our  Attention  may  bo  activdy  directed  to  thtsni.  And  the 
aame  difli;rence  existH  also  in  regard  to  the  result  of  this  direction;  for 
the  Mental  state,  of  whatever  nature  it  may  be,  npon  which  the  Attention 
ia  tixed,  becomes  iutensihed  to  such  a  degree,  as  to  exclude  for  the  time 
the  cognizance  of  other  operations,  and  to  acquire  a  peculiar  power  of 
suggesting  otIieT  Mental  states  with  which  it  may  have  some  link  of 
Association  (§  044).  This  direction  of  the  Attc-ntion  to  states  of  Cerebral 
activity,  may,  like  its  direction  to  iinprensir-ns  received  thixiugh  the 
Organs  of  Sense,  lie  either  aiilonuxtic  or  vuHtioiial.  In  the  former  case, 
the  mind  is  engrosseil  for  the  time  by  some  idea  or  emotion,  in  virtiie  of 
the  intensity  with  which  it  haa  lioen  called-up,  or  of  the  peculiar  hold 
which  it  has  npon  onr  nature;  and  it  may  reniiiin  thus  fixed,  until  this 
tnentsl  state  shall  have  given-rise  to  some  other,  or  shall  have  exjieuded 
its  force  in  bodily  action,  or  until  the  nttontion  has  been  detemiinutoly 
detached  from  it  by  uu  exertion  of  the  Will.  In  the  latter  case,  the  mental 
gaze  is  fixed  (so  to  sjteak)  by  a  piuposivu  eflijrt,  ujxm  some  single  state, 
or  on  some  class  of  ideas  or  feelings,  which  the  individual  desires  to  make 
the  special  object  of  contemplation ;  and  it  is  by  means  of  this  gelecting 
power,  and  of  the  tendency  of  the  mental  slate  thus  intensilied,  to  call- 
forth  other  states  with  which  it  has  pre-fonneil  links  of  asHociation,  that 
the  Will  possesses  that  power  of  directing  the  current  of  thought  and 
feeling,  which  characterizes  the  fiilly-deve!oi>ed  Man  (§§  CCS,  6C1J).— Thus 
it  b  in  the  degree  of  attention  which  we  bestow,  upon  certain  classes  of 
idena  presented  to  us  by  Suggestion,  that  our  power  of  itsiwj  our  Minds 
in  iiiiy  jmrtiuular  mode  consists;  and  hence  we  see  the  fundamental 
imfiortiHiee  of  early  learning  to  fix  our  attention,  and  to  resist  all  influ- 
ences which  would  tend  to  distract  it.  Aud  this  is  essential,  not  merely 
to  thi:  advantageous  employment  of  our  InteUuctual  powers,  but  also  to 
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t)je  due  1-egulatinii  uf  our  EiuoLioiml  nntiirvi;  for  it  U  liy  jtsingi 
ftttention  iijton  those  states  of  feeling  which  we  (li«iiv  U>  inlnniify,) 
eouveraely,  by  withdrawing  it  from  those  wUich  wu  d<-iui«  ta 
(which  is  iDOst  CBsily  effected  bj  choosing  totiut  iit/t^r  nhjuot  thai  ex 
n  h«!althful  attraction  towards  ns),  that  we  can  pncun^  llw  |^ 
what  we  recognize  as  worthy,  and  cnn  keep  lu  dieck  what  wo  I 
be  wrong  or  undcairable. 

(i41.  The  iDtunbional  direction  of  the  attenlioa  to  oxternati 
whut  is  commonly  known  us  Observation  ;  tivnK  men  being  i 
'  obaervnjit,'  who  do  not  allow  their  attention  to  I*  so  fiir  i-l 
one  objeet  or  occiHTenw,  or  (as  very  frequently  hni>]>oiiji)  by 
tnuns  of  thought,  an  to  exclude  the  cognixauco  of  wh&t  nwy  W I 
place  aroiuid  them ;  whilst  those  we  spoken-of  ns  '  unobsarviiiil,* ' 
nllowing  Iht^Jr  conscilouaiiess  to  remain  fixed  upou  buisq  onr  i 
train  of  thought,  prerunt  it  from  receiving  a  legitiiaat*  di-grvn  <if  jii 
from  other  impressions  received  aud  trimsmittcd  to  Uie  Srusoriiiu  I 
orgims  of  aenao.     That  inteutionol  direction  of  our  conaciuunna 
is  passing  W/Arii  OS,  which  not  merely  intensilie^  the  uii'nUit  ntj 
Heparates  and  brin^  it  forwards  as  a  subject  of  observe (iuii,  u  ouh 
d^iguaU'd  as  Rfjkcl'um,  hut  is  more  appropiiaUily  teriiivd  litr 

643.  The  reproduction  of  piist  slat*^  of  Oonsiiuugu«i«  by  ratli«r< 
forms  of  suggestive  action  already  described,  constitutea  wi«t  \t  f 
as  Mciimnj.' — There  seems  much  ground  for  the  bt-lieC  that 
tionnl  state  which  has  even  transiently  oc-cupiud  the  consci« 
registei'ed  (f">  to  B[)eak)  in  the  Cerebrum,  and  niuv  In;  reprodacwl ; 
Gubsetpitiut  time,  although  there  may  be  no  consciousness  of  iu  < 
in  the  mind  during  the  whole   intenuciliata  period,      liislJtuciw 
very  ft'eijuent  i;)ccuiTence,  in  which  ideas  come- up  before  the  luiiiili 
delirium  or  dreaming,  and  are  expressed  at  the  time  or  am  eub 


*  It  is  ojTTinuinlj  Htnl^  tliat  Mtimor;  canaiats  in  ILe  reneind  (if  putt  i 
tJcma  thtij  hitvt:  ti^L^itod ;  |jut  it  may  lie  quvPtitmol  wLvtIier  *e  cnn  |irim«ilj  \ 
mindBUijthingulBetLaii  tiib  imjirewioDS  lertby  idem,  anil  whether  the  mxllflf  • 
u  not  >  Becaiiiiarj  ehauge,  depsudeiit  utH>ii  the  reoeliua  of  iJcutiunftl  iCcnlmtl  i 
upon  tbo  Senurriuui.    Pur  if  we  wish  to  ivprixluce  fui;  aeuntiuiial  slHte, — whrtlxrii 
aniiitorj,  olfiictivc,  gustntjve,  or  tactile, — we  But  ih«I  the  milJou  otnomt  ol^trl  1_ 
tlial  mittf  wu  fonocrly  pnxtoced;  and  it  is  out;  by  keeiiiog  iJuit  nulion  nna^t 
oarcoateiaaaaeta,  that  wcmn  hriag  oiirwlvva  to  see,  heur,  buktII.  Unfit,  or  feel, 
we  deaire  to  experieace.      lodged  it  ia  Dut  e^'ery  one  who  can   tiiiia  rfpivdac* 
etat^a,  ttie  geuenil  uutiioii  LeiDj;  most  cuumonl;  all  tbat  u  amtHl-Bt :  uf  lhi>  ■«  1 
ffiod  JIJtiEltatiou  in  iha  conceiiliou  va  funa  of  the  fate  of  u  ulncnt  (Huiil,  It  I 
comparatively  airiall  naml>«r  of  pcraviia  who  &iv  ulAo  lo  rofin.xludv  Hit  ii>ittaJ  ia 
aalfifieut  diatioetnt^ai^  to  Krve  oa  a  modei  (or  dtline^tJuQ,  ahhuu^U  rt  uiuuli  bjpvl 
would  Lc  oble  lu  say  how  fur  such  a  deliueatioii  ri;«!i»ecl  ttt-ir  o»ii  mtm, 
cuaateDanra,  and  Ui  puim-out  in  nhat  it  migliC  dtjnrt  tnim  thin.      It  ii  a 
finnatdon  of  thie  view,  that  the  exfrraaiint  ufn  c^iuitlcuuK^  wliicL  iliivcDy  i 
ideational  coDscionaDeaa,  is  lUQch  uure  ifi^lirK-tly  n<tucinhtiiTd  b;  mi4t  )«rM><u  ' 
/-aturra,  the  recugnition  uf  wbich  a  more  dein'iidrnt  u|iaD  the  icciitt  of  iiiilii  «hil  i 
tioaal  alales. — What  ia  true  uf  ibe  act  of  Itecollectioa  in  this  pulituUr.  in  pntaU)  I 
nl»  in  great  degree  of  tponlaneoiu  Klemory;  bnt  iteihupe  i>e  ■faoiild  ulmit  ttal 
renewal  of  pant  atala  of  senantional  C(iii-'i'l"ufiiee£  may  lie  Bffe<!tt:il  tiyhvah  Maiotjia 
UDoa  which  are  closely  allied  tt>  thuu ;  a»  would  aeem  prot>ii)>lH  fmrd  llir  (act,  tt 
ouneliea  compaTJug  the  new  aenaationa  with  Uie  old,  withuiil  haring  in  tlia  i 
formed  any  iliiitinct  caocepliorj  of  the  object  by  wbicli  tlie  old  were  prxlno^ 
fiwt  bus  biKn  siieody  nuCived  (j  991),  tluit  >«iiti'>riBl  impniuiona  ban  bMn  nrti 
reproduced,  with  which  it  did  not  svtm  likely  tbat  idcM  bad  cm  beea  egpanl^l 


remembered,  although  thu  inilividiiiil  cimiiot  himself  retrace  them  fts 
Laving  over  before  been  jireaeut  to  his  cousciousnesa ;  they  beiiig  yet 
proved  to  hnve  been  so  at  soDie  long  ant-ecedeut  jieriod.*  The  instru- 
Dientality  of  the  Cerebrum  in  this  mental  oporation  is  strODgly  indicated 
by  the  fact,  thnt  ditieaiie  or  injuiy  of  that  organ  mny  destroy  the  Memory 
generally,  or  may  lUfeet  it  in  various  remarkiihle  iiiodea.  Tliwa  we  not 
nnfrequently  nii^et  with  rosea,  in  whiuh  the  brain  has  been  weakened  by 
attacks  of  epilepsy  or  apoplesy,  in  such  a  maimer  as  to  prevent  the 
reception  of  any  new  impressions ;  so  thnt  tho  |mticnt  docs  nut  remember 
Anything  that  passeii  from  day  to  day ;  whilst  the  impreesions  of  events 
which  ha]>[>eiicd  lonff  he/ore  the  coiain  en  cement  of  his  malady,  recur  with 
greater  vividness  than  ever.  On  the  other  hand,  tlie  memory  of  the 
loug-siuce-liast  13  sometimes  cntii-ely  destroyed;  whilst  that  of  events 
which  have  hajipenoJ  3ubm.*(jueutly  to  the  malady,  is  but  little  weakened. 
The  memory  of  particular  classes  of  ideas  is  froquently  deati-oyed ;  that  of 
a  certuiu  language,  or  some  branch  of  science,  for  example.  The  1of«  of 
the  memory  of  words  is  another  very  curious  form  of  this  disorder,  which 
not  unfi'equently  presentB  ilself ;  the  patient  imderatituds  perfectly  weU 
what  is  said,  i>ut  is  not  able  to  reply  in  any  other  teriua  thjin  yes  or  iio 
— not  fi-om  any  prtrftlysis  of  the  muBclca  of  articidation,  but  from  his 
incapa))ility  of'expreaaing  the  ideas  in  language.  Sometimes  the  memory 
of  a  particulai'  class  of  words  only,  such  aa  nouns  or  vei'hs,  is  destroyed; 
or  it  may  be  impaired  mei'ely,  ao  that  the  pjitient  mistakes  the  proper 
terms,  and  sjjcaiks  a  moat  curious  jargon.  So,  again,  a  person  may 
remember  the  letters  of  which  a  word  is  comiKsed,  and  may  bo  able  to 
gpeU  his  wants,  though  he  cannot  speak  the  tmnrd  itself;  asking  for  In-ead 
(for  example)  by  the  separate  lettere  b,  r,  e,  a,  d.  A  very  curious 
affection  of  the  memory  is  that  in  which  the  tcrmid  of  ajwkeu  woi'ds  does 
uot  convey  any  idea  to  the  mind ;  yet  the  individmil  may  recognize  in  a 
written  or  printed  list  of  words,  those  which  have  btien  used  by  the 
speaker,  the  giy/U  of  them  cmibling  him  to  understaud  their  meaning. 
Conversely,  the  sound  of  the  word  may  be  remembered,  and  the  idea  it 
conveys  ftiHy  af.'pi-eciated ;  but  the  visual  memory  of  its  written  form 
may  be  altogether  lost,  although  the  component  letters  may  be  re- 
cognized.—For  this  class  of  phenomena,  in  which  there  is  rather  a 
Bcveriince  of  the  associative  connections  that  have  been  foniicd  between 
distinct  stiites  of  consciousness,  than  an  actual  annilidation  of  the  impi-cs- 
aion  left  by  any  of  the  latter,  the  term  '  dislocation  of  memory  '  has  been 
piopoBed  by  Sir  H.  Holland ;+  but,  as  he  justly  remiirka,  "no  single  term 
can  express  the  various  effects  of  accident,  disease,  or  decay,  upon  this 
fefulty,  so  strangely  jmrtial  in  theii'  aspect,  and  so  abrupt  in  the  changes 
tbey  undergo,  that  the  attempt  to  ckssiiy  them  is  almost  as  vain  an 
the  research  into  their  cause."  It  is,  jierhapa,  in  the  sudden  changta 
produced  by  blows  ov  falls,  that  we  have  the  moat  extraordinaiy  examples 
of  this  kind  of  disturbance;  and  it  is  scarcely  less  estraordinuiy,  that 

A  teoiirkable  ingtance  ia  mentiuneii  by  a  writer  (Mis*  H.  Mmiinwin ')  iu  "  HunscholJ 
unlfl,''  ToL.  ix-  p.  2tin^  of  a  c<jDgtnital  Idiut  wbo  had  Uwt  liis  mutLtir  vbtn  under  twit 
*HU>  old,  luid  whu  oouid  n-tt  bATu  HEil>seijn<^Ltl;  het^a  idaiIc]  cofroizajit  i>(  ttoyihiiig  ntntin^ 
tu  hai ;  Mid  wLo  jel,  wLan  lipug  at  tLe  aRt  i>f  LliirtT,  "  sudJeuly  tiiniL-d  hia  Lend,  liiukcid 
briglitaaJ  iKiiiiiblc,  and eidnioied  in  B  Lout  ueviri  Lvard  froui  liim  Uifurc,  'Oil  my  uiutlitrl 
how  Ujautiful !"  aad  taa\  round  ittwiu— dtud." 

t  Sm  hli  "Chaiiteri  on  Mental  I'Ljiioloej,"  p.  110. 


602 


FUNCTIONS  OF  TBB  OBREBKO-SPISAIi  JTEKWHS  BTffm. 


there  ahoiild  aoiuutiinea  be  a  no  lesa  sudden  recovery  of  the  lost  power, 
which  wc  cau  actii-cely  do  wrong  in  attributing  to  the  return  of  tho 
Oorebra]  orgauizutiou  to  that  previous  condition  of  activity  irota  which 
it  had  Iwuii  perverted. 

U43.  When  wo  tak^  all  these  phenomena  into  considei'ation,  we  can 
SCiircely  rexlst  the  concliuinn  thiit  every  act  of  ideational  consciouauera 
proUiicea  a  certain  modiiicatiou  in  the  nutrition  of  the  Cerebrum; 
that  the  new  mode  of  nutrition  is  continued  aocording  to  the  lawg  of. 
Assimilation  alre.'uly  adverteJ-to;  iuid  that  thus  the  Cerebrum  /urmt 
ilsdf  in  accordance  with  the  use  that  is  made  of  it  And  this  uiioon- 
aoiotiB  storiiig-up  of  iinjircssions,  which  can  only  be  brought  before  thfl 
coiisuiousntjss  (under  onlinary  circumstances  at  least)  by  the  oonnecling 
link  of  associations,  affords  a  powerful  argument  for  the  doctriuu 
which  has  already  been  fre<]uently  rcferred-to  as  probable, — that  the 
Ceri^brum  is  not  iteelf  a  centre  of  consciousness,  but  t)iat  wc  only 
liccome  conscious  of  ila  states,  in  the  sumc  manner  as  we  do  of  those  of 
the  Ketina  and  of  other  sui'taces  for  the  reeejitiou  of  external  imjiret- 
sions,  by  means  of  the  conunanication  of  the  changes  which  take  plaoa 
in  it  to  tlie  Hensorium. 

644.  Although  the  term  Memory  ia  very  commonly  used  to  dengnsto 
the  iiUejitiojia!.  recall  of  past  states  of  consciousness,  as  well  aa  their 
'  spontaneous'  or  '  automatic'  recurrence,  yet  it  is  pi'operly  restrictt-d  la 
tho  latter  operation;  the  term  lifcolleclion  K'iiig  that  which  is  appro- 
pi'iate  to  the  fonner,  whose  peculiarity  consists  in  the  exertion  of  the 
Will  to  bring  UuU  before  the  oonsciousiiess,  which  docs  not  sptmbt- 
nconsly  present  itscU'  to  it.  Ab  this  process  affords  &  typiral  example 
of  the  mode  in  which  the  Will  acta  in  directing  the  current  of  thought, 
we  shall  examine  it  a  Httlo  move  minutely, — lu  the  tiret  place  it  may 
be  positively  affirmed,  that  we  cooinot  call-up  any  idea  by  simply  vfHiing 
it ;  for  it  is  a  nec^Msary  condition  of  an  act  of  will,  that  there  should  bs 
in  the  mind  an  idea  of  mhat  is  willed ;  and  if  the  i<)ea  of  tho  thing  willed 
be  already  in  the  niiud,  it  is  obviously  impossible  to  use  the  will  to 
bring  it  there.  But  every  one  is  conscious  of  the  state  of  miniL,  in 
which  he  Iriea  to  rcimimber  something  wiiieh  is  not  at  the  time  pnvcnt 
to  his  consciousness ;  anfl  the  qiiention  is,  A/no  he  proc^wds  Ui  hriag  tho 
idea  licforo  it.  The  jirocess  ivuily  consists  in  tho  tixation  of  the  atten- 
tiou  npou  one  or  more  of  the  ideas  ali-eady  present  to  the  mind,  which 
may  directly  recall,  by  suggestion,  that  which  is  desidcmted;  the  verj 
act  of  thus  atlriidin'j  to  a  piLrticular  idea,  sen'ing  not  only  to  int«nsily 
the  idea  itiolf,  but  also  to  strengthen  the  associations  by  which  it  is 
connected  with  others.  There  are  certain  ideM  so  fanuliar  to  ns,  that 
they  seem  necessarily  to  recur  upon  the  slightest  promptiug  of  TOg- 
gestion;  yet  oven  with  regard  to  thetw,  the  voluntary  reoolloction  at 
any  particular  time  involve,'*  tho  process  juat  described.  Thus  if  a  nun 
he  asked  his  name,  he  usually  finds  no  ditBculty  in  ^viog  tho  pn^tcr 
answer,  beciiune  it  only  rct^uires  that  his  attention  should  he  diinctul 
to  the  idea  involvuil  in  tho  wnnla  '  my  name,'  to  suggest  the  words  of 
which  that  name  may  cou.tist.  But  if  the  individual  should  be  in  lh>t 
state  of  'absence  of  mind,'  which  really  connista  in  the  hxatnoii  of  tJiS 
attention  u|)on  some  internal  triiin  of  thought,  he  may  not  he  able  oa 
tho  Budduu  to  transfer  his  attention  to  the  now  idi»  that  b  fonwd  upon 
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his  conaoiousncas  ah  exleriuj;  iind  may  thus  hesitate  and  bungle,  beforis 
he  is  abltt  to  answer  the  qitestiou  with  [waitivtiiieas.  So,  agiiin,  it  aome- 
timea  hupiiens  in  olO  agu,  that  men  fiul  to  recollect  theu'  own  uames,  or 
thti  iianica  of  persons  most  fumiliar  to  them,  in  consequence  of  the 
weokeniug  of  the  boud  of  direct  aasociation ;  and  they  theu  only  recall 
it  iiy  the  ojieratioii  to  be  pnuieiitly  dt;scribed.  Aiid  there  are  stat^K  of 
mind,  in  wliich  the  power  of  volnntarily  directing  the  thoughts  is  for  a 
time  eiispeuded,  and  in  which  thti  iiidividuul  cannot  niuke  the  slightest 
ctfort  to  recall  the  most  tkmiliar  fact,  <£)]«ciidly  if  poasestHid  with  the 
conviction  thut  such  effort  is  ini^iotisible  (§  U7S). 

G4d.  But  auppuHing  the  mind  to  be  in  fiill  possession  of  its  ordinary 
jfowera,  and  the  desiderated  idea  to  be  one  which  does  not  at  onoe  recur 
on  tho  direction  of  the  attention  to  some  idea  already  in  the  mind ;  wo 
then  apply  tlie  iiame  process  to  other  ideas  which  successively  c<.ime 
Itufore  our  conscioueitess,  selectLug  those  which  we  recognize  as  must  likely 
to  auggosrt.  that  which  we  require,  and  following-out  one  train  of  thought 
ftfu-r  another,  in  tho  directions  wliieli  we  deem  moat  productive,  until  we 
cither  aucceed  in  finding  the  idea  of  which  we  arc  in  myu'ch,  or  give-up 
the  pureuit  as  not  worth  fiirther  trouble.  ITiiih  a  man  who  is  making- 
up  luH  ;u3couute,  aod  finds  that  he  has  cx[>ended  a  sum  in  a  mode  which 
he  cannot  rtMollcct,  sett)  himself  to  remonibfr  what  liuainesa  he  has 
done,  where  he  hits  recently  been,  what  shops  he  may  have  entered, 
and  so  on.  Or  when  a  miui  meets  another  whom  he  recognizes  as  an 
acquaintance  without  i-einembering  his  name,  he  runs-over  a  number 
of  names  (one  being  suggested  by  another,  when  the  attention  is  ^von 
to  them),  in  hopes  that  some  one  of  these  may  prave  to  be  the  one, 
whicli,  when  brought  to  his  mind,  is  recognized  as  that  of  tho  object 
then  before  his  couseiousncss ;  or  he  thinks  of  the  place  in  which  ho 
may  have  previously  seen  him,  this  being  recalled  by  Ksing  the  attejition 
I  on  the  upsociation  suggeatwl  by  the  siglit  of  his  fitce  and  figure,  or  by 
^L  the  sound  of  his  voice,  or  by  Ids  p>crs<midity  altogctlier^  or  he  cndea- 
^K  vours  to  retrace  the  time  which  lias  elapsed  since  he  last  met  with  him, 
^B  the  persons  amongst  whom  he  theu  was,  or  the  actions  in  which  ho  was 
^B  engaged ',  tliat  some  one  or  other  of  these  varioua  associations  may 
'        JOffit^  the  desiderated  name, 

640.  Ujion  the  various  Ideational  statea  thus  reproiluced  before  the 
Mental  consciuuuness,  and  scqueutially  connected  in  *  trains  of  thought' 

kby  the  o|icratio&  of  Suggestion,  all  acts  of  J!easoning  are  foundeil. 
Tliese  consist,  for  the  most  [lart,  in  the  aggregution  and  collocation  of 
1  ideas,  the  decomposition  of  complex  ideas  into  more  simple  ones,  and  the 
eombioatinn  of  simple  ideaa  into  general  cxprcssionH ;  in  which  pro- 
cesses are  exerciswi  the  faculty  of  Coiiipnriemt,  liy  which  tlie  iTlationa 
luid  eonueotioua  of  tdejis  are  jierceived,- — that  ol Abatractiim,  by  which  we 
mentally  isolate  from  the  rwtt  any  particular  quality  of  the  object  of  out 
Ihougbl, — and  that  of  Ginendixnluin,  by  which  we  recognize  the  commou 
propeities  we  have  absti'acted,  ascomixwing  a  distinct  notion,  that  of  some 
genu*  iu  which  the  oi'jects  arc  compi'oheDded.  These  operations,  when 
carefully  analyzed,  seem  ca|)able  of  roduction  to  this  one  expression, — 
namely,  the  fixation  of  our  Attention  on  some  particular  classes  o/tdcai, 
from  among  those  which  Sufigestion  brings  before  our  consoiousueas; 
i:        and  thie  fixation  may  remdt,  as  already  shown,  either  from  the  peculiar 
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attract! veueas  whicli  these  elates  of  ideas  liave  for  us  (tho  «onMi| 
of  individual  minds  varying  greatly  iu  tliis  tvsj-jct),  or  tin  tlw 
minatioD  oi'  our  owii  Will. — Tliere  is  strong  reason  to  beli«Tt-  tluu  I 
prooessea  may  be  perfunued  automatically  to  a  very  ciiiiBi<)<;ral>li> 
without  any  other  than  a  perniisaive  net  of  Will.      It  is  rlturly  I 
antomutic  action  that  the  bofore-mentioaed  '  fuodautentnl  Bxina 
'  st'icondary  inttiitions'  (j  614)  aro  evolved ;  and  there  is  not  ono 
ojieratious  above  Ueseriljed,  which  may  not  be  performed  <iiiito  ui 
tarily,  espet^ially  by  an  in<lividuuJ  who  is  naturally  dis[-i:wd  (o  it 
to  some  persona,  tbe  tendency  to  compare  any   new  olijetrt  of 
ness  with  objects  tbiit  have  been  previously  before  the  mind,  it  M I 
aa  to  be  almost  iiTesiatible;  and  thia,  or  nny  otber  origiunl  tmil 
Btren^tberied  by  the  habit  of  acting  in  conformity  witb  il.  So,  n^k 
tendency    to  abstract  ia    equally   strong   in    the   minds 
IiLstinctively  seek  to  separate  what  is  fundamental  and  • 
propetties  of  objects,  from  what  is  supci'ficiul  and  aceideuUiJ;  omlj 
attention  bu-ing  most  attracted  by  the  foiiuer,  thi-y  readily 
same  charncters  elsewhere,  and  are  thus  oa  prone  to  combine  ud  | 
ntlizc,  as  others  are  to  analyse  and  distinguish. 

647.  It  is  only,  in  fact,  when  we  inl^HtiimaUy  divert  thr  < 
thought  from  the  direction  in  which  it  was  jirvWonsly  running,- 
we  determine  to  put  our  minds  in  operation  in  some  jmriienlar 
— and  make  a  c/wice  o/'wiemi*  adapted  to  our  end  (aa  in  theoct  of  1 
leotiou  already  described)  by  piirfiosely  fixing  our  iittentinn  np 
class  of  objects  and  excluding  others. — that  we  can  be  aiiid  to 
Will  in  our  Intellectual  processes;  and  this  exercise  of  it  is  sliowii,  I 
analysis  of  our  own  conscionsntiss,  to  be  much  rarer  than  is  < 
sui)posed.  Thus  we  may  imagine  a.  man  sitting-<lown  at  a  i: 
every  day,  to  write  a  treatise  upon  a  subject  whidi  be  luu  ["^"i^ 
thought-out;  after  that  first  effort  of  Will  by  which  bis  de 
was  made,  the  daily  continuance  of  his  task  beoomee  so  bnbitnol  to] 
that  no  fi'eah  exertion  of  it  is  required  t»)  bring  him  to  his  drskp 
iinlesii  he  feel  un6t  for  his  work,  or  some  other  object  of  int«n«t  trn 
bim  away  troin  it,  so  that  he  is  calied-upon  to  decide  between  conI<Dilitf  I 
motives,  hia  Will  cannot  be  fiui-ly  said  to  be  brought  into  eierrii*.  il 
may  need,  (lerhnjia.  some  voluntary  fixation  of  liis  attention  upon  liiT 
topics  upon  which  he  had  been  engaged  when  he  last  dropped  tuctluw^' 
to  enable  him  to  recover  it,  so  as  to  commence  his  new  lalnrani  ia ' 
tiuuity  with  the  preceding;  but  when  onoe  his  mind  is  fairly  Ei^;)va<Jl 
with  the  subject,  this  develoiies  itself  before  his  consciottsne,-i*  nci-ii 
to  his  previous  habits  of  mental  action ;  idea^  follow  one  auotluT  in  i 
and  continuous  siiccesaion,  clothe  thcinselve>;  in  words,  and  p' 
movements  by  which  those  words  arc  expressed  iu  writinf; 
automatic  action  may  continue  uiiinten-uptedly  for  hours,  wii 
tendency  of  the  mind  to  wander  from  its  subject,  the  Will  !■ 
called  into  piny  when  the  feeling  of  fatigue  or  the  dlstraeliou  ol  irtiirfj 
objects  renders  it  difficult  to  keep  the  attention  tised  upon  tlial  wWekJ 
has  previously  lield  it  by  its  own  attractive  power. — The  atuvur*' 
this  condition  is  experienced,  when  some  powerful  iutfrrst  tumb  Wl 
draw-off  the  attention  elsewhere,  and  the  thought*!  am  found  to  wi& 
continually  fram  the  subject  in  baud ;  or  whou,  fi-om  the  undue  p^  i 
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traction  of  mental  exertion,  tlie  state  of  tbe  Lrain  is  BUcli,  tLat  the 
tLouglits  no  longer  dcvelo]H>  themselves  consecutively  in  the  minJ,  nor 
shape  tliemselve*  into  appropriate  forms  of  expression.  In  eithor  of 
these  cases,  the  intellectual  powers  can  only  be  kept  in  action  ujion  the 
pre-(leterniinedBoljject,by  a  Htroiig  effort  of  the  Will;  of  tliia  effort  we  are 
conscious  at  the  time,  and  feel  that  we  iiecd  to  put-forth  even  a  greater 
power  than  that  wliich  would  1m?  i-equired  to  generate  a  large  uaiouut  of 
physical  force  through  the  muscular  system;  and  we  subsequently  espe- 
ricnce  the  results  of  it,  in  the  feeling  of  excessive  fiitigue  which  iilwnys 
follows  any  aucb  exertion, 

648.  The  faculty  of  ImaginaCion  is  in  soma  respects  opposed  in  its 
cliaractei"  t":i  that  of  Reason;  being  chiefly  coneemej;l  about  fictitious 
objects,  instead  of  real  ones.  Still,  it  is  in  a  great  degree  an  exercise  of 
the  same  ]xiwers,  though  in  a  different  manner  (J  63^!}.  Thus  it  is  [lartly 
concerned  in  framing  new  combiuatioiLi  of  ideas  ndating  to  external  oij- 
jecta,  iind  is  hence  an  extended  exercise  of  Conception ;  jilacing  ns,  in  idea, 
in  scenes,  circnmstauiM^H,  anil  relations,  in  which  actual  experience  never 
found  U5;  and  thu.s  giving  riwe  to  a  new  set  of  objects  of  thought.  In 
fact,  every  Conception  of  that  wliieh  has  not  been  itself  an  object  of  per- 
ception, may.  strictly  speaking,  he  regarded  as  the  result  of  the  exercise 
of  imagination.  Now  tho  new  Conceptions  or  mental  creations  thus 
formed,  take  their  character,  in  great  degree  from  the  ^^Csthetic  and 
BImotional  tendencies  of  the  mind ;  bo  that  the  previous  development  of 
these  affections  will  influence,  not  merelythe  selection  of  the  objects,  but 
the  mode  in  which  they  are  thus  idealized.  In  the  higher  efforts  of  the 
Imagination,  the  mind  is  not  so  mtich  concerned  with  the  class  of  aensn- 
tioual  ideaa,  as  with  thuae  of  the  intellectual  chai'acter;  and  the  collo- 
cation, analysis,  and  comparison  of  these,  by  which  new  forms  and 
combinations  are  suggeatetl  to  the  mind,  involve  the  exei'cise  of  the  same 
powers  as  those  concerned  in  acts  of  Reasoning;  but  they  are  exercised 
iu  a  different  way.  Whilst  the  Imagination  thus  depends  npon  the 
Intellectual  powers  for  all  its  higher  operations,  the  undei-standing  may 
be  said  to  be  eqnally  indebted  to  the  imagination  ;  for  the  ideal  combina- 
tions, which  are  the  results  of  tie  action  of  the  hitter,  do  not  merely 
engage  the  attention  of  the  Artist,  who  aims  to  develope  them  in  material 
forms,  but  are  the  great  soui-cea  of  the  improvement  of  the  knowjedgoiind 
happiness  possessed  by  our  race, — operating  alike  in  the  common  affairs 
of  life,  by  suggesting  those  pictures  of  the  future  which  are  ever  before 
eyes,  and  are  our  animating  springs  of  action,  with  their  visions  of 
enjoyment  never  perhaps  to  be  fully  realized,  and  their  prospects  of  an- 
ticijated  evil  that  often  prove  to  be  an  exaggeration  of  the  reidity, — 
prompting  the  investigations  of  Science,  that  are  gradually  unfohling  the 
aubliiue  plan  on  which  the  Universe  is  governed, — and  lending  to  a  con- 
tinual aspiration  aJV'r  those  higher  forms  of  Sloral  and  Intellectual 
beanty,  which  are  inseparably  connected  with  purity  and  love. 

GVJ.  When  the  limitation  which  attiichea  to  the  exercise  of  Volition, 
— namely,  its  incapacity  to  oii'</inafe  mental  activity  of  any  kind  (§  028), 
— is  kept  in  view,  it  becomes  at  once  apparent  that  tlio  power  of  the 
Will  over  the  Imagination  must  be  greatly  inferior  to  that  which  it  may 
exert  ovtr  the  Keiisoning  processes.  For  all  that  it  can  do  is  to  give  the 
Imaginative  faculty  fair  phiy,  by  withdrawing  all  influencea  tliat  would 


nap 
^oflj 


606 


FUNCTIONS  OF  THE  OEREBRO-SPINAL  NBKVOtIB  SySTBlt. 


tend  to  disti-act  it,  and  by  bringing- together  those  estertud  cnuditions 
whiirh  are  fouiiil  (in  tlic  case  of  each  indiviilual)  to  be  most  favourable  to 
its  t^xercisc' ;  it  may  help,  too,  by  soleoting  from  tuuosg  tlie  idoaa  or 
fitelinga  alrwuiy  before  the  coiiscioiiHiicsa,  those  wliiuli  are  felt  to  bo  luoet 
appiyijiriata  in  thuuiselvea,  or  moat  likely  to  be  fertile  in  serviceable  aug- 
geations ;  ftnd  thua  thci  fnoidty  msiy  1m>  dinictoi  and  invigornted,  cultivntnl 
nnd  cliiistcned,  although  ita  fyroditclhime»a  depends  eaaentiiUly  on  its 
own  inherent  fertility  and  on  the  energy  of  ita  autoiiuitic  action. 

6.'iO.  Two  striking  inatancea  may  be  adduced,  of  men  distinguished ,  tho 
one  for  Iiitelleetuid,  the  <ither  for  Artistic  ability ;  in  botb  of  whom  the 
mental  Jiction  which  evolved  the  ivsult,  seema  to  liave  Iwen  almosl 
entirely  of  au  automatic  chaiucter, — All  accounts  of  Coleridge's  hubits  of 
thought,  ns  manifostoil  in  hia  converaatiou  (which  wtia  a  sort  of  Ui'mkhuj 
aloud)  agree  in  showing  that  Ida  ti-ain  of  mental  operations,  once  atartcil, 
went  on  oj'  itjfJf,  sumetiuieB  for  a  I0115  distance  in  the  original  direction, 
aometimos  with  a  diverffence  iuto  aorae  other  tratk.  according  to  tlw 
coiiaecutive  suggefticinB  of  hia  ovm  mind,  or  to  new  suggeatifms  iutroducwl 
into  it  from  without.  Hia  whole  counu!  of  lile  waa  one  continued  proof 
of  the  weakness  of  hia  Will;  for,  with  numerous  gigantic  project*  con- 
tinually in  his  mind,  he  could  never  bring  himself  even  aoriously  to 
attempt  to  execute  any  cue  of  them;  and  hia  utter  dcSeicnoy  in  self- 
control  rendered  it  necessary  for  hia  welfare  that  he  ahouJd  yield  luinaulf 
t->  the  control  of  others.  The  eompniution  of  the  j>oetical  feugment 
"  Kubla  Khan"  in  hia  tlef.p,  ia  a  tyjiical  example  of  automatic  menUl 
action ;  and  almoat  hia  whole  life  might  be  reg»rded,  in  uonaeigucnoo  of 
the  defieioiLoy  of  that  self-determining  jiower  which  is  the  pre-eminent 
characteriatie  of  every  really  great  mind,  as  a  aoi-t  of  waking  drewn.*  Ouc 
of  the  iQoat  characteristic  exampioa  of  his  extraordinary  deficiency  of  Will 
wafl  displayed  very  rairly  in  hia  cairoer ;  for  when  ho  hiwl  found  a  booksollw 
(Mr.  Cotvle)  gonw'oiia  enough  to  promise  him  Uity  guineas  for  poems 
which  he  recited  to  liim,  and  nuglit  have  received  the  whole  sum  imm^ 
diatt'ly  on  rli^liveriiig  tho  Manuscript,  lie  weut-on,  week  after  week, 
liegging  and  borrowing  for  hia  daily  needa,  in  the  moat  InmiiliiitiniJ! 
manner,  until  he  hiwl  drawn  from  hia  patron  the  whole  of  the  promiaed 
purehaso-moncy,  without  supplying  him  with  a  Hue  of  that  poetry  wliieh 
ho  had  only  to  vsriif^lmm^  to  free  himself  from  obligation.  Yet  there 
was  probably  no  man  of  hia  day  who  sni-jMiased  Coleridge  in  thu 
comliination  of  the  Rea*oning  powers  of  the  Pliiloaopher  with  the  Imagi- 
nation of  tho  Poet  and  tlie  Inspiration  of  tho  Seer;  and  there  waa  per- 
hagin  not  one  of  the  lust  generation,  who  has  left  ao  strong  an  imprcBB  of 
himaelf  in  tho  subaeijuent  course  of  thought  of  reiloctive  minds  eogaged 
in  the  highest  subjects  of  Human  coutemphition. — So,  again,  the  wlifllo 
artistic  lil'e  of  MoKart,  from  hia  infancy  to  hia  death,  save  in  so  &r  M 
the  earlier  part  of  it  woa  directed  by  his  father,  may  be  cited  as  an  exiunplf 
of  the  sjHjutiineous  or  automatic  devclo|)mcnt  of  musical  ideaa,  which, 
under  the  guidaiioe  of  hia  intuitive  sense  of  harmony  (§  G07),  expreasJ 
themselve.*  in  appropriate  language.  When  only  four  years  old,  he  Ik^ii 
to  write  music,  which  wjus  found  to  be  in  strict  aecordanoe  with  ihp  role* 
of  com^toaitioii,  although  he  had  received  no  inatruotiou  in  tbeM.     And  { 

*  Tbe  rnoHt  rtriking  [H^rtmlture  of  Culmidg^'H  habit*  uf  coDVcrabtioD,  La  ta  be  foUtd  \h 
Carlyio's  "  LUe  of  Julin  Sterling." 
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^^Ani  eng^uJ,  ihiriug  his  nflcr-lift;,  in  the  prtxliiction  of  those  works 
'  wUdl  have  reudcred  his  tiimje  immurUil,  it  was  enough  for  hiio  tofix  his 
thoughts  in  the  fii'st  iiurtiuice  upon  the  auhjfct  (the  libretto  of  an  opera, 
for  BXiiniplo,  or  the  woiila  of  a  religious  Bt'iTiee),  b<i  as  to  give  the  requisite 
start  aiid  iliroction  to  hi»  ideas,  which  then  liowed  onwards  witliout  any 
effort  of  his  own ;  so  tliat  the  whole  of  a.  Syinphoiiy  or  im  Overtnre  would 
devolo]ie  itself  in  hh  mimi.  its  st^jiamt*  inBtriimental  jiarts  tnlting  (so  to 
HpoJc)  their  reapeetive  slmpeH,  without  any  iiitenlional  elalinnition.  In 
feet,  the  only  exerciae  of  Will  tliat  Heemed  to  be  requu-ed  on  his  part,  con- 
nsted  in  tho  uoting-dowu  of  the  composition  when  complete;  and  thia, 
under  the  tcimptAtiouH  of  aocial  iutercr>ui^e,  and  a  disUko  to  anything  liko 
'  work,'  he  would  8ometim.ca  postiKine  until  the  last  moment.  Thus  it  is 
well  known  that  his  overture  U)  Don  Giovanni  was  only  written-out 
(althoujjh  it  must  have  been  previously  composed)  during  the  night  pre- 
vious to  its  jitrlbmiiincu,  which  took  pWo  without  any  rehearsal.  It  in 
recoi'ded  of  him,  that  being  once  asked  by  au  inferior  musician,  how  he 
aef  to  wiiik  to  compose  a  Hyuipliony,  he  replied — "  If  you  onee  tliink  of 
Aoi/'  you  are  to  do  it,  you  will  never  write  anything  worth  hearing.  / 
write  liecaiiae  I  nmnot  lii»lj>  it."  Mozart,  like  Coleridge,  was  n  man  of 
esti'emely  weak  will ;  he  could  neither  keep  firm  to  a  resolution,  nor  resist 
temptation;  and  when  not  under  the  guidance  of  his  excellent  wife,  was 
the  aport  of  almost  every  kind  of  impulae.  But  there  wiw  probably  never 
a  more  reniarkable  example  than  his  musical  career  [irepeut*.  of  the  aut«- 
tnatic  operation  of  that  creiilii'e  power  which  specially  constitutes  Genius ; 
■nd  hia  life  is  altogether  a  most  interesting  study  to  the  Psychologist,  as 
well  as  to  the  Musiciaji.* 

651.  On  the  other  hand,  in  the  life  and  literary  career  of  Southey,  we 
h&ve  a  striking  ejaimple  of  what  a  detennined  Will,  acting  under  a  atmng 
sense  of  Duty,  may  do  in  utilizing  itnd  turning  to  the  best  account  en- 
dowments of  a  comparatiyely  mediocre  order.     Although  few  of  his 
poems  looy  retain  a  lasting  celebrity,  yet  his  prose  writings  will  always 
be  models  of  excellence  in  composition;  and  he  had  his  powers  under 
|t«uch  complete  command,  that  he  never  failed  (save  from  physical  inc-a- 
^KjMcity)  to  execute  those  engagements  which  are  too  often  lujulc  by  men 
^^h£  genius  ''  only  to  be  bi'i.ikcn,''  and  never  !>hrank  hvm  what  he  felt  to  be 
^^^  teak  of  disagreeable  drudgciy,  when  once  he  had  undertnken  it. 
'  652.   But  not  only  It  much  of  our  highest  Mental  Activity  thus  to  bo 

regarded  &»  the  expression  of  the  tmiowatic  action  of  the  Cerebrum : — 
I  we  seem  justified  in  proceeding  further,  and  in  affirming  that  the  Cere- 
!  brum  may  act  upon  iniprcaeion-t  transmitted  to  it,  and  may  elaborate 
results  sucli  im  wo  might  liave  attained  by  the  purposive  dircctinn  of  our 
L^  minds  to  the  subject,  uyiOvnii  any  amaciousnMa  on  our  own  parts;  so 
^■-that  we  only  became  aware  of  the  operation  which  tiHs  tak en-place,  when 
^  wo  compare  the  result,  as  it  preaeuta  itself  to  our  minds  after  it  has  been 
attained,  with  the  materials  submitted  to  the  process.  The  ordinaiy  ex- 
perience of  most  persona  will  aujiply  them  with  eiamples  of  thts  form  of 
Cerebral  activity.  One  of  the  simplest  instances  of  it  is  to  be  found  in  a 
curious  phenomenon,  which,  though  most  men  are  occneionaliy  conecious 
of  it,  has  been  scarcely  recognia'd  by  Metaphysical  inquirers ;  namely,  that 
Lwhen  we  have  been  trying  to  recollect  some  name,  jihraee,  occurrence,  Ac, 

I  '  8m  eqieci«ll;  the  "UfeotUuiart"  lij  Edward  HvlmuB. 
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anil,  after  vainly  employing  aU  the  expedients  -w©  can  tliiiik-of  fo 
bringing  the  desiderated  idea  to  our  miuds.  have  abaudonud  the  attempt 
as  uaeleas,  it  'wiU  often  ocuur  8|>ontaneoualy  a,  little  while  afterwords, 
suddenly  ftasliing  (us  it  were)  before  thecouiioiousnesa;  and  this  al though 
the  mind  has  been  engrossed  in  the  meoa  time  by  some  entirely-different 
Hubjeot  of  contemplation,  aitd  cannot  detect  any  link  of  aaaociatioa' 
whereby  the  result  haa  been  obtained,  notwithstanding  that  the  whole 
train  of  thought  wliieli  has  [NLSited  through  the  oiind  in  the  interval  may 
bu  most  distinctly  remembei-od.*  Now  it  ia  difficult,  if  not  impoaaihle, 
to  account  for  this  fact  upon  any  other  supposition,  than  that  a  certain 
train  of  action  has  been  scl^going  in  the  Cerebrum  by  the  voluntary  exer- 
tion which  we  at  firat  made ;  and  that  thia  train  continues  iu  moveinenl 
after  our  attention  has  been  fixed  uiwu  some  other  object  of  thought,  bi 
that  it  goes-on  to  the  evolution  of  its  result,  not  only  without  &aj  con- 
tinued exertion  on  our  own  |iarts,  but  also  without  am  consciouBneas  of 
any  continued  ai^tivity. — Another  familiar  example  of  a  like  kind,  is  pre- 
sented by  the  process  by  which  we  acquire  a  knowledge  of  the  nicoung 
of  an  author  whose  wi'itingM  we  ore  peruaing.  For,  if  the  subject  bo  one 
into  which  we  readily  enter,  and  if  the  writer's  flow  of  thought  be  one 
which  wc  easily  follow,  and  his  language  be  appropriate  to  express  his 
ideoa,  wc  acquire  the  meaning  of  one  aentenee  idter  another,  without  any 
conscious  recognition  of  the  meaning  of  each  of  its  component  teordt; 
and  yet  it  is  certain  that  a  particular  impression  must  have  been  madi.' 
by  eauh  of  these  words  upon  the  Oerebruni,  before  we  can  comprehend 
the  notion  which  they  were  collectively  intended  to  convey.  It  is  only 
when  the  language  is  ill-ohoseu,  or  when  we  do  not  readily  follow  thn 
autlior'si  train  of  thought,  that  we  direct  our  attention  to  the  signiliaiboii 
of  the  individ  nal  words,  and  become  conscious  of  their  separate  meaning. 
In  like  manner,  an  expert  calculator  will  cast  his  eye  rapidly  fi'om  the 
bottom  to  the  top  of  a  column  of  figures,  and  will  name  the  total,  without 
any  conscious  appreciation  of  the  value  of  each  individual  figure. 

(jd3.  But  iu  these  instances,  no  higher  act  of  mind  is  required,  than 
thi'  production  of  one  complex  idea  out  of  an  aggregate  of  ampler 
elemenlfl ;  there  are  cases,  however,  in  which  processes  of  a  far  mom 
elaborate  nature  are  carried-ou,  without  necessarily  affecting  our  con- 
sciousness. Most  peraoua  who  attend  io  their  own  mental  operations, 
are  aware  that  when  they  have  been  occupied  for  some  time  about  Bi«r- 
ticular  subject,  and  hare  then  tranafeiTe4  their  attention  to  some  other, 
the  (irst,  when  they  return  to  the  consideration  of  it,  may  be  found  W 
present  an  aspect  very  different  from  that  which  it  ]ioasessed  before  it 
was  put  aside ;  notwithstanding  that  the  mind  baa  since  been  eo  oomr 

*  Su  frfliinentl;  bas  Lbin  uofoired  nitlin  the  AQtlior'a  ei|>en«icv,  liiHt  hp  !■  nav  tn  lb* 
habit  irf  trudtio^  \u  Ibifl  mutbr-J  uf  rccuUccLioQ,  whm>?  bi;  bufl  tfJUaoD  tvj  fcol  iturv  llKt  tfa» 
desired  idea  U  nut  inr-vSj  if  tbe  mini)  can  un] j  litid  itn  irai^lc — m  vhea  it  nJa[«s  W  viu 
oooarredKe  (sucb  w  s  pijuient  of  rouiie;)  wbkb  a  kiiowii  tu  bntc  taken-pUee  withia  ■  fi* 
dsjTB  iirevioDBl; ;  fur  bu  hw  fuuod  bimvelf  much  moni  wrUin  of  recovering  it,  br  trA- 
firawiag  hia  miuJ  fruni  tlie  benrch  vbua  it  is  not  spt-edily  snccenful,  »Dil  bj  giitn^  faiAMir 
up  to  Ibe  uwiijintiuu  apprupriute  \o  the  time,  Ihiin  b;  indacing  (atigne  bj  tumcn^tal 
cffiiiiA.  And  tliia  ib  hdC  his  uwii  ct|it'ri<iiJ'-<.'  iiu\y,  but  Uint  nf  uuia;  oUien.  Tbo  Ut%  hai 
been  n\>ti<»l  b;  Sir  U,  Hulbiml  { "  l.']mpti:ra  no  Atealal  rbjiatilDgit."  p.  66)  ;  tma  ■hint 
ba  liju  lunmod  tbnt  tbt:  nbon/  pliin  b:ifi  been  pat  ioXn  guooeHsfiiJ  sotLOb  bj  niiAj  Iv  vhiffi 
he  bas  reconimeuded  it. 
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ly  engi'ossed  with  tlio  second  auliject,  iw  not  to  have  been  conHciously 
id  towHixls  the  lirst  in   tlie  int*frval.      Now  a  [iiirt  of  this  change 

ay  ile]H^nd  upcm  the  alteit'il  ci>niltlioii  of  the  mind  itaelf.  midi  an  we 

fMirience  when  we  take-U[i  a  subject  in  the  niiiming  with  b!1  the  vigour 
whii'h  we  derive  from  tbe  refi-fslinient  of  sh:o[i,  and  tind  no  ililfieiiUy  in 
overcoining  difficiUtiwt  and  in  disentangling  jttrplexjtica  wliidi  checked 
our  further  jirogress  the  niglit  before,  when  wo  were  too  weary  to  give 
more  thiui  a  languid  attention  to  tlie  fioiiits  to  be  made-out,  and  umid 
use  no  exertion  in  the  search  for  their  aolutious.  But  this  by  no 
ineona  necounts  for  tha  fn(i'i-c/i/-7W«)  ileirclojiptent  wliich  the  subject  is 
freqnently  found  to  have  undergone,  wheu  we  return  to  it  aifcr  a  con- 
wdeTablo  interval ;  a  development  which  cannot  be  reasonably  Qxplniued 
in  any  other  mode,  than  by  attributing  it  to  tbe  intermediate  aetivity  of 
the  Cerebrum,  which  has  in  this  inatauce  automatically  evolved  the 
resnlt  without  our  consciousness.  Strange  as  this  j)houomenon  may  at 
first  sight  appeaj-,  it  is  ftmnd,  when  carefully  considered,  to  lie  in  conipletH? 
harmony  with  all  tliat  has  been  alreatly  affirmed,  respecting  the  relation 
of  tlie  Cerohrum  to  the  Seuaorium.  and  the  inde[>endent  action  of  the 
former;  and  looking  at  all  those  automatic  operations  by  which  I'caults 
are  evolved  without  any  intentional  direction  of  the  Mind  to  them,  in 
the  light  of  '  reflex  actions'  of  the  Cerebnim,  there  is  no  more  difliculty 
in  comprehending  that  aiich  reflex  actioua  may  pniceeJ  without  our 
knowledge,  so  as  to  evolve  iiiiellecttial  prudueln  when  their  results  are 
transmitteii  to  the  Sensoriuni  and  are  thus  imjiressed  on  our  eonsciouij- 
nene.  than  there  is  in  undei'ntauding  that  impressions  may  eicito  iiiUHCular 
movements  through  the  'reflex'  power  of  the  Spinal  Cord,  without  the 
necessary  intervention  of  Sensation.  In  both  cases,  the  condition  of  thia 
mode  of  independent  operation,  is  that  the  recvplivUy  of  tlie  Senaorium 
shall  be  snapended  qtwaii  the  changes  in  question,  either  by  ita  own 
fiinctional  inactivity,  or  through  ita  temporary  ongi'ossment  by  other 
processes. — It  U  difficult  to  lind  nu  appropriate  term  for  tliis  class  of 
o|>eratioDS.  They  can  scarcely  be  dosiguitted  an  Reasoning  Processes, 
since  '  unconscioiw  reasoning'  ia  a  contradiction  in  terms.  The  designa- 
tion   ['nroiuciouji  CeTebrfUum    is    jierhajw   lesa    objectionable    than    any 

.ber.     (See  §  063.) 

654.  Bnt  it  must  not  be  left  out  of  view,  that  Smotional  states,  or  ratJier 
■Wm  which  constitute  emotions  when  we  become  conscious  of  them,  mny 
bs  developed  by  the  same  process  :  so  tliat  our  feelings  towai-ds  persons  and 
object*  nmy  undergo  most  important  changes,  without  our  being  in  the 
least  degree  aware,  imlil  we  have  our  attention  directed  to  our  own 
mental  statti,  of  the  ftltenition  which  has  laken-phico  in  them.  A  very 
common  but  very  characteristic  example  of  thia  kind  of  action,  is  afforded 
by  the  powerful  attachment  which  olten  grows-up  between  individuals  of 
opposite  sesea,  without  cither  being  aware  of  the  fact;  the  full  strength 
of  this  attachment  being  only  revealed  to  the  consciouaness  of  each,  when 
circam&tancea  threaten  a  sejianition,  and  when  each  becomes  cogniaiut 
of  the  feelings  entertained  by  the  other.  The  eiiatejice  of  a  mutual 
attachment,  mdeed,  is  oft^-n  recognized  by  a  by-atauder  (especially  if  the 
perceptions  bo  shar|iened  by  jealousy,  which  lentb  to  an  intuitive  inter- 
pretation of  many  minute  occurrences  which  would  be  without  aigniti- 
catioji  to  an  ordinary  observer),  before  either  of  the  parties  haa  made  the 
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discovery,  whether  na  regards  the  individunl  adf,  or  the  beloved  of^ret; 
the  Cei'ebral  stAte,  Dianifeatiiig  itself  iii  action,  although  no  distill(^tr  i»>ii- 
sciouaneaa  of  that  state  has  been  attaiueil,  cliieiiy  because,  the  whole 
attention  hpLng  iittracted  hj  the  jiruaont  enjtiyioont,  tliere  is  little  tlisposi- 
tiim  to  Introspection. — The  fact,  indeed,  ia  recognized  in  our  ordic&ty 
language;  for  we  contiuually  sjieak  of  the  'feelings'  which  we  unoon-  . 
sdously  puterttiin  towanla  anotiior,  and  of  our  not  hecoming  aware  itf^H 
them  untd  Eonie  circuin-stajices  cidi  them  into  a^itivity.  Here  agoiii,  it  ^| 
would  seem  as  if  the  material  orgikii  of  these  feelings  tends  tojhrm  iUrtf  ' 
in  accordance  with  the  imjiresflions  which  are  habitually  made  upon  it; 
BO  that  wo  are  as  completely  iinuwai'o  of  the  changes  which  may  have 
taken  place  in  it,  as  we  are  of  those  by  which  passing  events  are  n^^iaierod 
in  our  minds  (§  l!42).  nntil  aonie  circunistanee  cidle-forth  the  couscioua 
manifestation,  which  is  the  '  reflex  '  of  tlie  new  condition  which  tlie  orgaa 
has  acquired.  And  it  may  Iw  deMinible  to  ret-iU  the  fact  m  this  cou- 
uection,  tbut  the  Emotional  atate  aeemn  often  to  be  determined  hy 
circumatauce.s  of  which  the  individual  hna  no  distinct  consciouaness,  and 
esijecially  by  the  emotional  stati's  of  those  by  whom  he  is  surrounded 
(5  60S)) ;  a  mode  of  influence  which  is  exerted  witli  peeuliar  potency  on 
the  winds  of  children,  and  which  b  a  most  important  element  in  ttwir 
Moral  education.* 

6j.(i.  Ideo-Motor  AcfioTW. — Although  it  has  hcen  usual  to  desigaat«  by 
the  tenu  Voluntary,  all  those  muscular  movements  which  take-place  as 
the  result  of  mental  operations  save  when  they  are  the  expression  of 
Emotional  states,  yet  a  careful  analysis  of  the  soiuws  from  which  many 
of  even  our  ordinary  actions  jirocced,  will  show  that  the  Will  has  no 
direct  jiarticipation  in  producing  them,  and  that  they  are,  PsycLoIo- 
gically  speaking,  the  8]iontaneous  manifestations  of  Ideational  etatta 
excited  to  a  certain  measure  of  intensity,  or,  in  Physiological  languogt^ 
the  reJJej;  actiong  iif  iJie  CitrelfrmiL  This  mode  of  operation  bsa  bens 
already  shown  (§§  400,  470)  not  only  to  l>e  fidly  conformable  to  the 
general  plan  of  the  activity  of  the  Nervous  System,  but  even  to  cont- 
pletc  or  fill-np  a  part  of  it  which  would  otherwise  he  left  void ;  and  W8 
ahall  lind  that  it  B<.'rvoa  to  account  for  a  great  niindwr  of  phenomena 
which  had  not  proviouflly  lieen  included  under  any  gencri  cat«goi7, 
and  which,  when  thui;  combined  and  generalized,  form  a  mo«t  inte- 
resting and  remarkable  group,  well  deaerving  of  attentive  studv. — It  i«, 
of  course,  when  the  Intellect  is  in  a  state  of  exalted  (though  it  may  btf 
aberrant)  activity,  but  when  the  directing  power  of  liie  Will  is  sus- 
pended or  weakened,  that  we  should  expect  Ui  see  the  most  remarkahla 
manifestations  of  the  reflex  [wwer  of  the  Corebnim ;  and  such  is  tlin 
condition  of  the  li^omnambiiliBt  who  lU'U  his  drt'anis  (^  f>93),  and  oftlio 
'  Biologized'  subject  who  acin  his  reverie  {§  (172).  lu  each  case,  the 
mind  is  possessed  by  a  succ<«sion  of  ideas,  which  may  either  be  spon- 
taneously evolved  by  its  own  operations,  or  may  be  directly  suggested 
through  the  senses,  or  may  be  the  products  of  tlie  rnentAl  activity  of 
the  individual,  exercised  upon  the  promptings  which  it  has  reoelted 
from  without.  In  whatever  mode  the  ideas  have  been  brought  Imt&mv 
the  conseiousneas,  it  is  the  essential  charocteriBtic  of  these  stAtcs  ^lal 

*  Sec  nn  niliuimble  DiHmurKeDD  '  UncoDwioBS  lDfiQeDce»,'bjlbe  Rer.  Hon<«  BiidndL 
ofHiictr.,ra(N.  E.),  pnbliiJied  in  tha  ■' Ponnj  Piil|,il,"  No.  1188. 
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til e  Mind  is  entirely  giveu-up  to  that  wliicli  may  happen  to  lie  heScm 
it  at  the  time,  which  uousi'queiitly  exertu  aa  iincoiiti-olktl  JireotlBg 
power  over  the  actiooa,  there  being  uo  antagonistic  agency  to  keep  it 
iu  check. 

65G.  To  this  category,  too,  l)elong  a  vario^  of  aberrant  actions,  lior- 
dering  on  Insanity,  of  which  the  history  of  mantind  in  nil  agea  fur- 
nislies  us  with  abundant  examples ;  that  which  ia  eoinnioii  to  all  of 
tlieiD,  being  the  entii'c  possession  of  the  ideationaJ  oonscioiiancsa  bj 
some  strongly -excited  'dominant  idea,'  the  intenaily  of  which  lilindu  the 
conunoo-aeose  and  subjugates  the  will,  so  that  it  expresses  itself  in 
bodily  action  without  tlie  leawt  restraint.  The  notion  may,  or  may  not, 
be  in  itself  an  absurd  one.  It  may  lie  contined  to  a  single  indi^'iduul, 
or  it  may  sjireafl  epidemically  thJ^3ugh  a  multitude.  It  may  be  one 
that  intere.sts  the  feeiiugs,  or  it  may  be  of  ii  nnt«re  jmrely  intcUootual. 
The  wild  hut  ti-ausieiit  vagiuies  of  i-eligious  enthusiasm  in  all  ages, — ^iis 
shown  ill  the  Pythonic  inspiration  of  the  Delphic  priestesses;  the  eistatic 
revelations  of  Uatliolic  and  Protestant  visionai'iea ;  the  preaching  epidemic 
among  the  Efuguenots  in  Franco,  and  more  recently  in  Lutheran  Sweden ; 
the  strange  performances  of  the  '  Convulsionnaires'  of  St.  Modard,  which 
have  been  since  almost  paralleled  at  Methodist 'revivals' and  'camji-meet- 
ings;' — the  Dancing  Mania  of  the  Middle  Agea;  theTarentism  of  Southern 
Itftly.  the  Tigretier  of  Abyssinia,  and  (lie  Ijenping-ague  of  Scotland  in 
later  times," — together  with  that  mont  recent,  but  not  least  remarkable 
npeciraen  (the  character  of  the  individiuila  affeoted  being  tjiketi  bito 
account),  the  Tabie-tuming  and  Table- talking  epidendc  which  spread 
through  almost  the  whole  civilized  world  in  185:J-3; — are  all,  with 
many  siniilar  wonders,  to  I*  ranged  under  the  same  category.  Tlie 
'dominant  idea'  not  uiifrequently  declines  in  intensity,  especially  when 
it  expends  its  force  in  action,  and  the  mind  spontaneously  returns  to  its 
previous  condition ;  and  thus  it  ia  that  we  find  these  Epidemic  DeluEioiis 
pMBsiiig-away  of  themselves,  without  any  ostensible  cause  for  their 
cessation.  Hometimcj;,  however,  such  an  idea  may  continue  to  exert  a 
damiiiaiit  influence  over  the  whole  of  life;  and  if  the  conduct  which  it 
dictates  should  pass  the  bounds  of  enthusiasm  or  eccentricity,  we  say 
that  the  indi'viduaJ  is  the  subject  of  Monomania.  The  natui-e  of  this 
state  will  be  more  fully  considered  hereafter  (5  ^"")' 

Ci'ir.  The  same  idew  may  be  fiurly  applied,  also,  to  all  those  actiomi 
performed  by  ns  in  oar  orilinary  course  of  life,  which  are  rather  the 
anUimatic  expressions  of  the  idea.4  which  may  ix^  dominant  in  our  minds 
at  the  time,  than  prompted  by  distinct  volitional  efforts  (f  Gil).  Of 
this  kind,  the  act  of  expressing  the  thoughts  in  language,  whether  by 
8[>eech  or  writing,  may  be  considere<l  as  n  gooil  example ;  for  the 
attention  may  be  so  completely  given-up  to  the  choice  of  words  and  to 
the  composition  of  the  sentences,  that  the  movements  by  which  these 
wor"l»  are  uttered  by  the  voice  or  traced  on  paper,  no  more  partake 
of  the  truly  volitional  character,  than  do  those  of  our  limbs  when  wo 
walk  through  the  streets  in  a  state  of  Abstraction.     And  it  is  a  curious 


*  On  the  gmiler  niimber  nf  the  foregoing  aubjecle,  nmch  <^ariaDB  infatnutioD  will  be 
found  in  Dr.  HerktT'd  aivonni  of  Ifae  '  DsDring  Manis,'  rormiDg  pnrt  nf  bis  TiealiH 
"Un  llie  EpiilemicB  uf  Uie  MJUiIle  Ages."  tmiiiUt«il  fur  tbe  SydenhaiD  8ociel;  by  Dr. 
BkUo^toD. 
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eviilfinne  of  the  influence  of  Iiieaa,  rather  tban  of  the  aijency  of  tlie 
Will,  ill  prtnlucing  them,  thiit,  as  our  conceptionH  arc  a  litlk'  iu  advance 
of  otir  apeeth  or  writing,  it  occiisiondlly  liaypeus  that  we  iiiiii-]>roiiuiiii 
or  mis-si>L'll  a  word,  by  introducing  into  it  a  portion  of  Eomc  oi!i. 
whose  tui'n  is  shortly  to  come.  it«  place  in  the  senteni'e  wliich  is  in 
process  of  formation  lieing  a  Httle  fnrilier-on :  or  it  may  be  that  the 
whole  of  the  anticijwited  word  is  H«batitut*>d  for  tlm  one  which  ought  t 
tavi'  been  exiiresaci.  Now  it  la  obvioua  tliat  there  coidd  lie  ncitb 
any  oon^cirm sly-formed  intention  of  breaking  tlie  regidnr  sequence,  n< 
any  volitionnl  efl'ort  to  do  so ;  iiud  tbe  result  is  evidently  dnc  to 
miperior  vivirlness  with  whieh  the  idea  of  the  anticipated  word  i» 
to  the  minil,  as  compared  with  that  of  the  woi-d  which  the  couree  »if  con 
stniction  requires.  It  is  the  ilumini'iU  »(A«t.  thuu,  which  detemiities 
the  movement,  the  Will  simply  iiemiitting  It ;  and  the  more  eoniplctdj 
the  Volitional  power  is  dii"ected  to  other  ohjects.  the  more  eoniplele 
automatic  are  the  actions  of  this  class.  They  may.  indeinl,  come 
he  perfoniied  even  without  the  eonsciousneaa.  or  at  h'ast  witliout  thi 
remomhei-eil  conBcioiisncsa,  of  the  agent;  as  wo  ace  in  the  case 
those  who  have  the  habit  of  '  thinking  alond,'  and  wlio  are  siibsaiufnt! 
<|uito  surprised  on  learning  wbiit  they  have  uttered.  The  one>sidei| 
conversation  of  some  persons,  who  are  far  more  attentive  to  their  own 
ti'aina  of  thought,  than  tliey  are  to  what  may  be  expressed  by  othfre. 
and  who  mv  allowed  to  proceed  with  litUo  oi'  no  iutciTuption,  is  oAen 
sort  of '  tliiiiking  aloud.'* 

05S.  Much  attention  has  recently  been  jriven  to  a  set  of  Involtm' 
moTements,  which,  however  diverse  the  tircuiastances  under  which  thfff' 
occur,  all  have  their  source  in  the  sume  mental  condition, — that 
M^elaiil  nUention:  the  whole  Mind  being  posaessed  with  the  Idea  tliat 
a  certain  Bcticm  will  take  |)lace,  anil  being  eagerly  directed  towaiils  iIja 
indiaitions  of  its  occiurenca  Snoh  nioveihentH  are  well  known  to  owur 
in  the  invohmtary  musclea  connected  with  the  (Jrgnnie  functions,  which 
receive  tlioir  nervouR  sup]ily  from  the  Sympathetic  system  ;  and  Ihey  ma 
among  the  menus  by  which  important  modi  heat  ions  are  produced  in  ihiwi 
functions  through  the  direction  of  the  mind  to  them.    (See  ^  S29), 

G.59.  liut  it  is  with  the  Involuntary  movement*!  prociuceiJ  by  the 
same  agency  through  the  Cerebro-spinal  sjHti-ni,  in  the  muscles  ordinsriiy 
accounted  Voluntary,  that  we  are  at  present  especially  concerned.  Thi* 
is  a  vejy  curious  auhject  of  inquiry.  aiLd  one  on  which  adeqiuit*  »cnitin» 
has  scarcely  yet  bean  Ijestowcdi  the  jihenomena  whicli  are  referable  to 
the  principle  of  ai;tion  here  enunciated,  having  been  very  commonly 
esplaiueil  by  the  agency  of  some  other  force.  Thus,  if  a  button  or  ring 
bo  suspended  from  the  end  of  the  linger  or  thumb,  in  such  a  jiraitiun 
that,  when  slightly  oscillating,  it  shall  strike  against  a  glacis  tumbler,  it 
hits  Ijwn  affirmed  by  many  who  have  made  the  experiment,  thnt  the 
bntton  ctmtinuea  to  swing  with  great  regularity,  stiiking  tliei  ;glnssnt 
tolerably -regular  intervals,  until  it  bas  sounded  the  iLonr  of  the  d«y, 
aft<;r  which  it  censes  for  a  time  to  swing  far  enough  to  make  another 
stroke.     ThLs  certainly  does  come  to  pass,  in  many  instances,  without 

■  Thii  n-oi  iire-eniinRDtl;  tbe  Ptm  vitli  Cnlcriilev,  wLnsc  whole  life  vu  little  sIk  tbM 
*  w&liiiig  •Itmiu,  anrl  wtiuw  usual  talk  nnn  the  oiitpoiuw  of  bii  clauiiuuil  lAm^  &tr 
i  (iSll.) 
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intention  on  the  jiart  of  tlii:  [lerformer;  wlio  may  bt  really  doiuj; 
all  in  his  [W)wer  to  kee]]  hi^  liuiid  iierl'w-'tly  stivtioiiiiry.  Now  it  is  iiu- 
^>assil)lt!,  by  iiny  voluiitiiiy  eli'ort,  to  keep  the  hiiiid  iibsojutely  atill,  for 
any  length  of  time,  in  the  positiou  itiniired;  iiu  involuntaiy  tivtouloiis- 
is  alwuys  cibaerrable  in  the  sufl[H;uclt!<i  body;  >uid  if  the  aiteiitiun  be 
xed  ujHiTi  the  jiort.  uith  tbe  cxpeclation  tbut  the  vibratious  \vill  tuke  a 
determinate  direction,  they  are  very  likely  to  do  so.*  Their  iteraistcnci! 
in  this  direction,  however,  only  Uiixs  jiUuie  nu  lomj  an  tfteij  are  ijuid'nl  by 
tfte  vitnial  aenxiitioiig;  a  fact  which  at  ouce  points  to  the  1*60.1  spring  of 
leir  iwrforinance.  When  the  perfoiiner  ia  impressed  witfi  the  coa- 
itrtion  that  the  hour  will  be  thus  indicated,  the  ruault  ia  very  likely  to 
lu;  and  when  it  hua  once  occurrecl,  liia  conlideucc  is  sutlicieDtly 
ished  to  make  it»  i-ccnrrence  a  matter  of  tutenible  certainty.  Ou 
other  bond,  the  experiment  auldom  succeeds  with  sceptical  subjecta ; 
the  expectjint  idea  not  having  in  theiu  the  requisite  potency.  That  it 
ia  thi-ough  the  Mind  that  these  movements  are  n'gulated,  however  iavo- 
luntarily,  appejire  evi<]ent  from  these  two  cousideratious;  lirst,  that  if 
the  performer  be  entirely  ignoi-ant  of  the  hour,  the  atrokea  on  the  glass 
do  not  indicate  its  number,  exoept  by  a  caannl  coincidence;  and  aooond, 
that  the  division  of  the  entii-e  jjerioii  of  the  earth's  rotation  into  tweuty- 
foiu"  hours,  and  the  very  nomenchitnre  of  these  hours,  being  entii-ely 
arbitrary  and  conventional,  cannot  be  imagined  to  operate  in  any  other 
mode.t  Tliese  phcuoiucna,  iu  which  uo  hyiwthetical  '  odylic'  or  other 
incealed  ageucy  can  be  renHoiiahly  BUppiised  to  operate,  ai"o  here  alluded- 
only  for  the  sake  of  illustrating  those  next  to  be  described,  which 
Ye  been  imagined  to  pi-ove  the  exisfajnco  of  a  new  taivo  in  Nutuiu 
6()0.  Ho.  again,  if  "  a  fragment  of  anything,  of  any  shajie,"  bo  sus- 
pended from  the  end  of  the  fore-linger  or  thumb,  and  the  attentioa  he 
intently  fixed  upon  it,  regular  oscillations  will  be  fi'equently  seeu  to 
take-pluce  in  it;  and  if  diauges  of  various  kinds  he  nimlo  in  the  coll- 
ections of  the  experiment,  by  i)lacing  bodies  of  difi'ereiit  sortjt  beneath 
e  pendulum,  or  by  the  contiwt  of  different  persons  or  things  with  the 
<n  of  tbe  suspender,  cori-espDuding  chaugei^  iu  the  direction  of  tlie 
ements  will  very  commonly  follow.  J  Now  this  will  occur,  not- 
withstHoding  the  strong  desire  of  the  exjierim enter  to  maintain  a 
coniplcte  immobility  in  the  suspending  finger;  hnt  it  is  very  easily 
proved  that  the  movements  are  guided  by  his  visual  sensations,  and  that 
the  iiu[>ulHe  to  them  is  entirely  derived  &om  his  expectation  of  a 
^ven  result.  For,  if  he  close  his  eyes,  or  withdraw  tliem  from  tlio 
vibmting  body,  ita  oscillations  (as  in  the  previous  case)  iiumedi«t«ly 
their  couataucy;  nianifestlj  proving  that  the  influence  which  direct 
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This  wu  long  iiDce  puiutfl  nrit  \'y  M.  flevrtul.  wbo  iuFtjetJjSileJ  tlio  suhJLi^  iu  » 
tml;philoK>f'bio  ftptrit.  Si?«  hirt  joll^r  to  fA-  Amfjcre,  iu  tbe  ^'Iteviie  don  Df^ux..MuDjeA," 
Miti,  I8S3;  anJ  lii^  reiicut  InailiHo  "  De  lu  Bngueilo  Uivinatoiro,  du  I'tudulo  dil  EiLi-luni- 
War,  et  des  TnbLisi  TiiHtunulea,"  Paris,  1S5). 

+  Fur  iniitiiDiw,  tbv  tnlbua  nbieb  Utiiiet  ttecen  at  night  in  Lotidou,  sboold  gCrike  (rflify- 
three  in  Rimie,  where  tbe  t' jclc  of  hoar?  ii  coiLtmncd  thr^iagb  thu  vbt'Le  twenty- fi}ur  bonn ; 
anil  if  an  Art  at  Fitt]iinarat  were  to  introduce  the  Ituliui  Uiirary  UTntugeiaVDt  kito  this 
n)untr3-.  &tl  tbf  iii'in|.-in2  buttunt  iu  her  Majnty'a  ilijuituiunH  Hunid  bsre  la  udd  tm^lre  lo 
their  uainber  of  i^ottt- meridiem  vtr^kw;  id]  wliicL  would  daabtiffi%  <:oinH  tu  jiabb,  if  tbo 
£Kperimcul«ra'  faith  in  th*j  result  nere  BUfficicutty  strung. 

Z  See  III.  IL  Uuja  un  "  Ths  TruUu  ouuluned  in  Pupubu'  SuperaLitiuiiit,"  3n]  edition, 
Letlw  xii. 
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thorn  itcta  through  hb  consciousness.      AuJ,  again,  if  be  bv  Ig 
the  change  which  is   made  in  the  coiiditiona   >if  the   >rxj 
should  expect  or  guess  something  different  from  thu  wliich  rmllj  I 
the  muvement  will  be  in  tiecordancc  with  hit  UUa.  uol  wilt  ikr  i 
— Thus,  then,  we  have  bere  a  most  distinct  prouf  thnt  ■  s1>i*  iif  J 
oists,  whicli   is   neither  volitional  nor  einotionjU,  but  which 
the  com[>lele  engrossment  of  the   attention  bj'  ii  fixed   Idia 
defimt«  niuscular  movements  are  produced,  in  spite  of  « 
exi^rtion  of  tlie  Will.     The  Will  is  concerned,  howe»-er,  in  tha  a 
of  tho  mental  stale  in  question,  hj  the  fixation  of  the  MtenliMi 
oscillating  body;  and  it  is  only  in  those  individuals  who  |m 
powur  of  vuluutATT  abEtraction  (§  (iliS)  to  a  cou^erabie  extMit,  i 
experiment  ia  iikely  to  aucceed.     It  ia  scarcely  necessary  l^i 
OS  failli   in   ita  results   is  essential   to   their  pixiiuction,  thosawt 
acquainted  with  the  mode  in  wliich  they  are  really  bruuglit 
not  likely  to  be  good  subjects  for  it. 

CGI.  It  is  doubtless  on  the  veiy  same  physiological  princi)4«^  I 
am  to  exphiin  the  mysterious  phenomena  of  the  '  Divining-Rod,'t 
huvc  been  ncceptcil  sf  true,  or  rejected  as  altogether  fiibulouai  i 
to  tlie  previous  habits  of  thought  of  those  who  have  giren  llidr  J 
to  the  subject.      Now,  that  the  end  of  a  hai«l-fork,  whut 
grasped  firmly  in  the  himds  of  a  person  whose  good  faitJi  cmi  i 
doulited,  fi-oquently  pointa  upwards  or  downwards  without  say  I 
tioiuil  direction  on  Ins  port,  and  often  thus  moves  when  ihi-pe  i*  I 
wat«r  beneitth  the  surface  of  the  ground  at  or  near  the  nyA,  ill 
whicli  ia  vouched-l'or  by  such  testimony,  that  we  liave  scarcely  m  I 
reject  it;  and  when  we  come  to  examine  into  the  conditions  ufUuij 
reAce,  we  shall  liud  that  they  are  such  as  justify  us  in  uttriLutiiifJ 
a  state  of  ej:pectant  attention,  which  (as  wc  ha^ve  seen)  is  fully  i 
to  induce  muscular  movement,     fur  in   the  first  place,  as  aa%  i 
iiidii*idiuil   in   forty,   even   in  the   localities   where   the   rirtoos 
lUvining-i'od  ai'e  still  held  as  an  article  of  Giith,  ts  found  to  snceMdf 
perfoniiance  of  this  cxporiinent,  it  is  obviouiii  that  the  tt^tacf, ' 
be  ltd  nature,  which  produces  the  dcBection,  must  op>?mte  by  ' 
the  holder  of  the  rod,  and  not  by  attracting  nr  repelling  the  roil 
And  when  exjjeriments  are  carefully  mode  with  the  view  of  itcti 

*  A  mnst  Temvkable  uid  njoTinciDg  ciein|>liflattiDD  of  Uiia   bust,  i*  nfiiiiUl 
H«nry  Ma<lilvn^aeiperiuicat»»ith  Mr.  Rullec'a  "  M&inielotn(^la',"  at  BrighMa,«i 
ia   lilt)  "Lauect"  fur  Nui.  15,  lS5i. — Dr.  Hadden  LaU  auliifinl   himadt  it  tkl  I 
imtflJiiw,  that  the  vihrstk^na  of  Iho  flnspeud^  body  «eru  afiocted  by  ib«  : 
hii  oLhi;r  hAud,  uf  huiuuMiiatlite  ghibules,  vbvte  diSerenca  of  nmipuaillun  ' 
lU  oirreipoiijjug  I'LsDgtw  iu  tiie  dirv.'tlon  uf  the  wwitlMion*.     But  liariug  l«n  UWl 
DiamuiB  the  qucatioD.  and  to  applj  thnc  teat  irhich  he  ought  tc  luT*  ^qilM  ( 
Gnt, — nUDcl;,  to  huie  •BrioDs  gJot>u!iia  pat  into  hu  kuid,  irith<>u(  twlng  U^ 
hwure  of  their  composition, — ^he  found  thM  the  rcsnlU  eiiiirHly  lost  Ibatr  |rm 
aUiacy,  which  vaa  thai  etiiicntl;  due  to  tut  expectsltun  -i!  >  inrtlmUr  nunroMrtbl 
cue.     It  Is  A  manifestatioD  of  tht-  vury  imperfecl  anoljiiij*  wiunb  la  ctJmbMly  1 
auch  phenomtiuL,  that,  from  the'  moiaeut  whuu  thej  ara  footnl  rvAsaUe  Ma' 
principle,  instead  of  demoaMniling  (lu  ibey  were  at  first  inppoaed  to  du)  tha  ■ 
new  force,  Ihej  Beem  to  Jone  all  tlieir  interest  for  thoie  who  hail  prcviooalj  « 
with  esgemesB,  and  to  be  att  down  aa  illnaoty,  or  M  the  iirinluot  .if  11™  '  i 
nulwithatanding  that  (he;  an-  aa  real  ia  the  one  cam  as  is  the  utJier,  aarf  an  ■>*  ia  i 
degree  lesa  c;nrjou»  and  interesting  when  coniddered  under  tii«  fonaar  — ffl.  tkn  < 
viewed  ia  the  latter. 
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^BvDs  naturo  of  tliia  agHucy,  ihey  tire  found  to  indicate  most  clearly  timt 
^K  the  state  of '  exjitijtaut  iittention,'  intluced  by  the  aritici[Kition  of  ecrtaiu 
^M  results,  b  fully  uompetent  to  jiroiiuci;  them.  For  the  mere  act  of  holding 
^H  the  rod  tor  liome  time  in  the  required  position,  and  of  atteudiiig  to  its 
^B  iutlications,  k  sufficient  to  produce  ii  tendeucy  to  B|)asDio(iic  contruction 
^M  in  the  graspiog  muscles,  notwithstandiug  astj-oiigeHbi-t  of  the  will  to  the 
contrary;   and  when,  by  such  coutmctions.  the  limbs  of  the  fork  are 

■  tufide  to  approjumato-tij wards  or  to  sepiimte-fi-om  each  other,  the  point  of 
the  fork  will  be  caused  to  move  tither  upwards  or  dowuwards,  according 
to  the  jjosition  in  which  it  ia  hold.  If,  when  the  muscles  Lave  this  ten- 
dency to  contract,  occnsioueii  by  their  continued  restraint  in  one  position, 
»the  mind  be  possessed  with  the  exjiectatiou  that  a  certain  movement  will 
eusuo,  that  movement  will  actually  take-place,  even  though  a.  Strang 
eflbrt  may  be  made  !iy  the  Will  to  prevent  any  change  in  the  condition 
of  the  muscles.  And  a  sufficient  ground  for  such  expectation  exists,  on 
^Kthe  part  of  those  who  are  possessed  with  the  idea  of  the  [lecidiar  powers 
^pof  the  divining-rod,  in  the  belief,  or  even  in  the  aunuise,  that  water  or 
Qietal  may  lie  beneath  particular  points  of  the  Burfaco  over  which  they 
pass.* — The  same  instrument  appears  to  have  been  used,  even  from  a. 

*  ThxR  wui  udukitl^l  evea  liy  Dr.  11,  IUbjo,  notirithstiinding  liH  belief  in  the  exiHluiiiM 
of  HD  '  Od-fuive,*  goTmniug  the  mavementfi  of  tbe  divining-rud-  Kor  he  fuand  id  tLe 
ooarw  of  hia  eijwriiuenU,  that  wlieo  bia  'diviner'  kaev  which  way  he  eipected  the  furk 
to  mave,  it  in>&riiihlf  aaHXcrtjiJ  hia  txpecUAiaOM-,  bat  nben  he  had  the  tiibji  bliuUfuldL-d, 
the  ruflulU  were  DDcertjua  udJ  coatradicturj.  Hkdcq  he  beciuuti  certain  that  seVQiui  cj 
IhiHuf  in  whose  lianda  the  divinin^-rud  mnves,  set  It  in  metiun,  uiil  diivd  ItA  iDution 
(ht/weviT  uoiutemifltiRlly  aiid  nuwiisujrrnsly)  by  the  (>reBi!iire  •>(  their  finEers,  nnii  hj  entry- 
Ibg  their  huudif  nearer-Ui  or  Af>arE-from  o^eh  other.  i^vG  his  Letters  "  On  the  Truths 
oonlAiueii  in  Pupular  Supi^i-stitiiPiis,''  Letter  i.) — The  following  statement  nf  tbe  results 
olitiuned  hj  a  very  intelligent  friend  of  tbe  Author,  who  tuok-up  the  iuijairy  sums  ;«4n 
*gu,  »ith  a  strong  prepouesiiim  (derioeil  frDm  the  luaurunceii  of  men  of  high  si.dentifia 
EHite)  ED  fATonrortbe  reality  of  tbe  supposed  iDflncnt^e,  bnt  yet  with  a  deaire  to  inveJiti^td 
the  whole  luatl^r  carefully  and  pbilosophically  for  biioself,  will  serve  as  a  ooiuiplete  illns- 
trntiuDof  the  doetrine  enuueiitled  nliove.  HaviDg  duly  jniiviOed  hliDiielf  with  a  lutiel 
fork,  he  aet-out  upon  a  survey  of  tbe  DeighlK>urht><Kl  id  which  he  liuppciie'i  to  be  stajing 
on  a  visit;  tbia  dl&tru^t  wiin  one  known  to  be  trav^jroed  by  mineral  ceiDa,  with  the  direi^tioti 
of  Buiuo  uf  Bhich  he  wm  acquiunted.  With  hi*  ■  divining-rod'  in  his  band,  and  with  hi* 
•tbantioD  closely  lixed  npoa  bis  insttnment  of  reneareh,  he  walked -fortli  upon  bis  aiperi- 
leiilAl  tvur ;  aoJ  it  was  not  Iod^  befon;,  Ui  bis  groat  satisfoeLiua,  ha  obserred  the  point  of 
furk  to  be  in  modi^hn,  at  the  very  spot  where  bo  knew  that  he  waa  cTosidDg  a  uiatallia 
.  Fur  many  les  i-antioan  iuvtstigatirs.  this  wonld  have  becD  BDongh  ;  but  it  served 
only  to  »tiitfy  this  gentleionn  that  he  v^vi  a  (nTOumble  suljj<H:t  fur  the  trial,  and  It) 
■tiniulstii  liim  tn  further  imguirj.  Proceeding  tn  hie  walk,  lUid  still  faeldin^  iiui  fork 
ttettnduni,  arlna,  he  freqaentlj  noljeed  its  point  in  motion,  and  made  a  rewrd  of  the 
loolitiei  in  which  this  ua-utred.  He  re)>eatul  these  trials  on  several  eansecntive  day^ 
until  he  boil  pretty -thoronghly  oiBUilDee!  the  nei^lilxiurhood,  going  over  some  ports  of  it 
•evvnil  times.  When  he  eaiue  Ui  eompare  nad  nnalyne  the  remlld,  he  found  that  there 
WM  by  no  mains  a  satiBfaet4;ry  aeeordaui;e  amongst  tbem  \  for  there  were  many  spots  over 
vtiieh  tbe  rtkd  hod  moved  on  one  oocJUiiou,  at  whieh  it  had  l>een  olietjuat4-]y  stutlonary  on 
others,  aud  nn  Pm't;  so  lluit  tbe  euiubiucy  of  a  phytiii^  ngeuey  seemEnl  uttu^ether 
mn&ig.  Further,  he  fonnd  tiiat  whilst  some  of  the  apuU  over  wliivh  tlie  rod  had  moved, 
went  those  known  bo  ha  iravurwil  by  mijiero!  veins,  there  were  many  otiiera  in  which  its 
indieation-t  bwl  been  no  leas  iHwilive,  bat  in  which  those  fnmilUr  with  the  mining  geology 
of  the  Dcishboarhood  were  well  nwmred  tliat  no  veins  enliitvd.  Un  tlie  other  hand,  the  rr>d 
had  remained  motionle»  at  muiy  pointa  where  it  inujKt  (u  have  move^l,  if  its  dir^etii>u  hjid 
bean  affected  t<y  any  kind  of  UneMriai  emauatiua.  These  facts  led  the  eipectineitter  to  a 
■troni;  nipiciua  that  the  cause  eiisted  la  himself  alone ;  and  uurying-oat  his  DX))erimcnla 
■tJU  further,  be  BflcertaineJ  tliat  he  cnnlr)  not  hold  the  fork  In  his  hnud  for  many  minuhs 
<iniiwiniiti~rlr   caxaiatiatinf  his  aCteotiou  fixedly  upon  it,  wiljiout  an  altomtiuii  ill   tbe 
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very  «irly  periml,  by  thoiW  who   wore   suppouvd   to  pOMMI  '  ■ 
diviuatioQ,'  fr>r  the  purpose   of  givlug  re|ili(»  to  <|oeslMns   (n 
inojita,  precisely  uAor  tlie  to^ilkkiD  of  the  *  bUkiiig  tabled'  •  ■■ 
the  hands  of  the  operatora  (where  they  really  brlievcil  iu  i .  rj 

were  not  impostors)  being  atitonuLtiuilly  inijiellnt  to  execute  Umi 
priute  iDovemeatBof  therod,  by  their  idea  of  what  the  ansvun  i 

GGS.  No  difficulty  can  be  felt  by  ouy  one  n-ho  haa  bven  UA 
prectHiing  cunsidetutions  to    recogime   the    prindplu   v(  '  Id 
octiooa,'  in  applying  this  principle  U>  the  plieiiomeun  of  ■  T« 
and  '  Table-tulkiug ;'  which,  when  rightly  annly^nl,  pnrrc  lu  b>  i 
the  very  bust  examples  of  the  reflex  ojieratjoo  of  the  C<;tvliinun,  1 
exhibited  by  iudividuuls  whose  state  of  luiad  can  scnrciely  l>ci  i 
an  ahnonnaL     The/acU,  whun  stripped  of  the  iii vesting' nt  i>f 
vclloue  with  wliich  they  have  too  commoiily  been  clothed,  am  t 
folIoWE: — A  number  of  iiidividimls   seat   iheniBetTes  round 
which  they  place  their  hand-i,  with  the  idat  impremed  on  tbidri 
that  the  table  will  move  in  a  rotatory  din.-ction;  the  ilinctioa 
movement,  to  the  right  or  to  the  tefl,  he^utti  generally  amogidl 
eommencement  of  thd  esperiaii'nt.     The  [Mrtv  sits,  often  fur  a  i 
able  time,  ia  a  stat«  of  expt^^tiou,  with  the  whi>le  -iinlj 

the  table,  and  looking  eap'riy  for  the  first  sigu  of  tli.  ..  _    i.-Ji 

Geaerally  one  or  two  slight  chaiigea  in  its  placw  hnntld  the  af 
revolution^  these  tend  still  more  to  excite  the  eager  ntt«ntl'>u  i 
performers,  and  then  the  actu;il  '  turning'  l>^iti&     If  tb«  [mu- 
their  seats,  the  revolution  only  continues  as   for  fts  tlie  len^r ' 
arms  will  allow;  but  not  unfr^uently  they  all  rise,  feeling  i 
oblige<l  (us  they  assert)  to/oUtfw  the  table;  and  frum  a  waUc,  ui«ri 
niay  lie  accelerated  to  a  run,  until  the  table  actually  spinfi-rcnuid  i 
that  they  can  no  longer  keep-up  with  it.     All   this  i^  done,  nut  i 
without  the  least  consciousness  on  the  part  of  the  perfonuen 
are  exen:ising  any  force  of  their  own,  but  for  the  most  port  ondir  t 
conviction  that   they  m'e  not. — Now  the  rationale   of  these  aad 
phenomena  of  a  like  kind,  'a  simply  utt  follows.     Tlio  continued 
tration  of  the  attention  upon  a  ceitaiu   Idea  gives  it  a  '  doiuiiuanf 
not  only  over  the  mind,  but  over  the  body ;  and  the  uiuwItt?  Ik 
involuntarj"  instnimcnla  whereby  it  is  carried  into  u)>rriitJoa. 
case,  too,  as  iu  that  of  the  diviniug-rod,  the  nioveineut  ts  brourad  1 
state  of  muscular  tension,  which  ensues  when  the  luuids  h«vp  \rra  i 
for  some  time  iu  a  fise<l  position.      And  it  is  by  the  (V>utinui.-i 
af  the 'dominant  idea,' that  the   performers  are  impelled   to  :..^..- 
they  believe)  the  revolution  of  the  table,  which  they  rmlljr  Ktftais  I 
tiieir  continued  propulsion.     However  conBcientioiwly  they  may  1 

dinctioD  of  its  point,  in  concqneuw  ef  ui  inralDtituj  (hmigb  ■hncat  iwpaw|<iU» 
meat  of  hi)  huda ;  to  that  in  the  grenlcT  nunib«r  of  iniBww  in  which  dw  lul  ol 
matiou,  the  pbeDamenoa  vu  cIoltI j  attnbalablc  to  this  (»uc;.ainl  il  a-w  >  nMMrrf 
tonclral  whether  the  moTament  Ivok-iiloce  oia  a  miaenl  Tein,  ir  viEr  ■  Umsk  iipA, 
fDrthvr,  hv  afie^rtatoed  on  a  t»id|>&rirviD  at  hit  rf«alu,  llut  the  moT^inieiit  It^/k-pUn 
ftvqnently  «IiEr«  he  knev  ur  HDbportviI  Uic  eiiMeoo  of  miiwnl  *cta%  Ikaa  ii 
■itaatiniiii ;  aad  tliiu  he  came,  irithoiit  anj'  knowloigv  of  llw  Qtearj  of  ciywf— * 
to  the  praniial  nincluajua  that  Lhe  orlJonE  uf  hia  aen»  and  mnadea  *Wa  ia  flat 
re^lnt^^  bjtbi?  i^i'.^b  wLtijii  pojaecaed  hu  mioJ. 
•  8m  Cbevreul,  Oj..  eiL,  pKiniim  jArtie. 
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that  the  atcractioa  of  the  table  carries  them  nioug  with  it,  iuGt«ad  of  on 
imiiulse  wliieh  originatea  in  tJaemaelves  (juflhing  aloDg  the  table,  yet  no 
oiiH  fetU  the  least  lUlficulty  in  withilrawing  his  liaiid,  if  he  renlly  wiJU  to 
do  so.  But  it  is  the  ehrirauteriatic  of  the  state  of  iiiinil  from  which  iileo- 
motor  actions  proeeed,  that  the  voHtJoiiai  power  la  for  the  time  in  abey- 
ance; the  whole  mental  power  being  absorbud  (as  it  were)  in  the  high 
itate  of  tension  to  which  the  ideational  consciousness  has  been  wrought- 

'.—To  this  rationale,  all  the  rusiUta  of  the  variationB  that  have  been 
from  time  to  time  introduced  into  the  experiment,  are  jioifectly  cou- 
forriiable;  it  having  been  always  found,  that  when  nny  method  was  em* 
ployed  under  the  conviction  that  the  ]iroce3a  woidd  be  favoured  by  it  (as 
when,  during  the  reign  of  the  electrical  hypothesk,  the  feet  of  the  table 
were  insulated,  or  a  continuous  circuit  was  made  by  tlie  hands  of  the 
perfomierM),  tlie  expectation  thus  exdtod  brought-aboiit  the  result  at  on 
earlier  period  than  usiutl.* 

Ofi3.  The  apjilictttion  of  the  some  principle  to  the  ordinary  phenomeim 
of  'Table-talking,'  in  ao  obvioiia  as  to  need  no  lengthened  cx[)OBitiou. 
There  can  be  no  reasonablu  doubt  that  these  phenomena  have  been  lUiinl- 
fe»ted  in  a  large  number  of  inatanoes,  through  the  agency  of  individuals 
who  would  not  wilfully  be  partiea  to  deception  of  any  kind;  and  that  tlie 
inovemeuta  which  they  involuntarily  gave  to  the  tablea,  were  the  expres- 
sions of  the  idefta  with  which  their  own  minds  wei-u  postaeaaed,  as  to 
what  the  answers  should  be  to  the  questions  propoiinded-t  It  is  asserted, 
however,  that  the  '  talking-tables'  often  give  true  answers  to  (jueations 
pro|)oseil  to  them  Bfl  to  niattera  of  fact,  though  none  of  the  parties  present 
may  have  any  knowledge  of  what  the  answers  should  be ;  but  this,  if  it  bo 
reaUy  bo,  is  not  only  tlir  from  being  opposed  to  the  Physiological  doctrines 
here  advanced,  but  jiflbrds  a  curious  illustration  and  extension  of  tliem. 
For,  as  there  is  no  doubt  that  impressions  once  made  upon  our  conscious- 
ness, though  suljsequcntly  entirely  lost  to  it,  may  direct  our  trains  of 
thought  in  Delirium  and  Dreaming,  or  may  even,  as  in  Somnambulisin, 
goi'em  our  actions,  so  does  it  seem  quite  reasonable  to  nttj'ibute  the  mus- 
cular movements  by  which  the  tjiblo  is  made  to  answer,  to  impressions 
left  by  past  ideas  upon  the  Cerebrum,  on  which  it  reacts,  by  an  operation 
iinalogouH  to  tho  '  unconseioiLS  cerebration'  already  described  (§  Cj3), 
ao  as  to  work-ottt  results  through  the  muscular  system,  of  whose  source 

*  Tbe  dtunonctmtjrin  that  tht^  tabEp  rodly  Is  Juuvi^  \>y  the  baiirlB  pliicod  upon  it,  nal- 
witb'tAJUliDg  thl'  jriiailWt!  <!u[jvti'tion  uf  the  purfk>nuGrB  to  the  cuutmry,  wu  (inl  iklfurrltfi] 
hj  iMe  very  inuBiiiumi  'iinUcBtur'  dtviaal  by  Prof.  Fam'inj:  which  ahiiwttl  tfant  latenil 
prvfiaiiTv  ifl  vtieaifi  nufivisfd,  liuwBVtfT  iinounjiciouBly,  bufore  the  irii^einuDt  i^umumacea; 
MDtl  Ihit  \l,  bj  kt^t-piiag  tbi?ir  cyea  npun  ibu  in^ltix,  tltu  |ivrform<?m  c^lieck  the  &nt  UjuJemiy 
trt  eiert  sui-b  preBsari!,  tb«  tal'Iu  nnytir  girua  the  li^iwft  hi^  of  luort'iuiitit^ — Prof. 
Piraday  did  not,  in  bin  Ktll-liuuwu  Letter  oq  tliin  mlyBct  ( "  Albenii^tmi,"  .Tuly  2,  lfi.531, 
oSev Uij  phi/tioloi/iral  mliunalo  of  tliix  uocuasduna  luuiunlar  iu:ti')D  ;  but  rvfcrreil  fur  i'(  lu 
"UieDuouunedeliicrud  by  Dr.  Carpenter  at  tbe  Rnyitl  luFtLtutioO,  March  1^,  \S52,  'Ou 
the  inflaeiiCB  'if  Soiiue-fti' m  in  inudilying  and  dirorting  MubchIbt  MuvEUienl  indapaodfotly 
uf  Vulition,' "  in  Hliiirb  tlie  duclrine  of  Iilao'Diotor  astion  hml  lieen  fur  Chu  lirat  time 
irmbUrty  foriuiidntcd. 

f  This  niiiat  be  |i«rfectly  t'fear  t^i  thunu  nhu  wilJ  luid  ^^itb  canJuor  thif  rnrioiiE  paMiea- 
[toqi  <i(  tbair  >ai>f!rien<*  with  'Inlkiii);  («bli«,'  pnt-l'orth  by  Ibo  Kenls,  N,  8.  Oixlfn-y, 
E.  Gill»u,  R.  W.  Dili-lin,  and  utb^r  cIvrgyinBti;  wbu  bud  nJ>i]:t«d  tbc  idea  tijnt  they  cuu- 
maaicAtal  thruo^b  Ihvsc  mccLuii  with  Kvil  ^piriU,  «>r  vtuu  with  ^^tan  bimnelf.  A  mora 
deUIlud  KiUilyiif  uf  Uiia  ami  ulhvr  kiudred  iiub]Kt«  thnu  the  prasenl  work  affords  >pWM 
'—  ~"  be  Cvniiii  ill  Ibc  ■■Quailuily  Ueviow, '  Sept.,  lS6a 
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within  Iiiiaaeir  the  operator  i^  aa  iguonuit,  ii»  hv  is  of  hi> 
nei-ve-forc*  in  calling  the  muscles  into  TOuUw.tiwn.*     Tbn  trOtk  ■ 
view  baa  lieen  tested,  by  esp'rimcDts  so  Tsrieil  as  to  vxcluik  •&  j 
bilUy  or  iuduence  from  such  '  hiteut  idss;'  and  it  has  Uwn  Um  I 
that  the  table  could  reveal  nothing  wUateTer. 

6C't.  To  this  same  category  are  doubtless  to  be  referred  n  hkrgi  i 
(if  thuae  actions  of  Mesmeric  'subjects,'  which  lutve  Imru  OOP 
aoiue  aa  most  unequivocal  indications  of  the  exiateooc  of  ui    _ 
i/cjteris,  whilst  by  others  they  have  been  re^nted  »  Ibe  tfSulMafl 
tional  deception.     Slasy  of  them  are  of  a  U&d  which  the  Wn 
not  {(Ago,  being  violeut  coDvulsive  morements,  lach  aa  do 
effort  could  produce;  hut  the  Uesuicric  'subject'  h^g  fit 
sessed  with  the  expectation  that  certain  ksuIib  will  follow  ootaid  i 
(as,  for   instance,   thivt  convulsive  movements   will   be 
touching  a  piece  of  mcamerized  raetol),  and  llio  wholi] 
being  ooncvutrated,  ss  it  were,  upon  the  peribmiAnce,  the  mo* 
follow  wheu  the  subject  beii-evcJi  the  coudiCiooa  to  hmv»  hon  I 
whether  they  Aure  been,  or  uott      These  facts  were  most  • 
blisheJ  by  the  Commission  a{i;)Oiuted  Ui  iiiv<«tigiitti  tli« 
AleaniE^r  himself;  itnd  whilst  tbey  dBmoiiatrat«  the  unnall^  df  I 
posed  mesmeric  inliueuce  is-i  far,  at  least,  as  this  elaas  ot  ■ 
coucemijd),  they  also  prove  the  position  here  couten>l<-<l-for.  la 
suflicieucy  of  the  sCal«  of  ej^prctaat  aUfntwn,  in  those  whuee  i 
completely  possessed  by  it,  to  produce  effects  of  th«  nma 
those  which  are  induced  in  Hysterical  subjocta  by  emotianal  4 
(See  5  tiSfS). 

665.  D^eniiining  Power  of  Volition. — Wc  have  now,  in  tlia  ImI] 
to  enquire  into  the  mode  in  which  rolition  operat«s  in 
course  of  Thought  aud  the  regulation  of  fhe  Conduct  :- 
extreme  difhculty,  the  entire  solatiou  of  which   may  not  lie  ' 
limited  sjAere  of  Illsn's  jn-esent  caixicity.  The  chief  subject  of  1 
ment.  however,  is  rather  Uic  nature  and  source  of  Uie  Will  itMJ(t 
conditions  of  its  opcntttoa;  for  whilst  a  careful  iinnlysis  nf  our* 
Huoaaneaa  throws  much   light  on  the  latter,  the  scieutllic  iuv 
of  ttie  former  has  seemed  to  lead  to  results  wliich  are  incou 
our  intuitive  conviction  of  freedom,  ns  well  as  with  onr 
intuitive  notion  of  moral  responsibility.  Diiimiaaiug  the  foaoa  1 

*  The  folloiriiig  is  B  remarkable  eiunple  of  this  Ued  of  aettoo,  vkicli  i*  ■ 
Bo*.  It.  W.  DiUlia'n  Lerturc  on  Tatil^dirntiig. — A  iiaitkaDui  wIim  «■■  M  I 
belienr  id  Ibe  'niiiriLosJ'  ugcDc;  uf  hU  UMc,  anpinoed  biiuaBlf  lu  be  in 
with  Bdwarti  Young,  the  poet.  The  spirit  Laviti^  lici^n  liinrvit  U>  pnt*  hn 
dting  s  line  of  his  poetry,  the  table  mppeii'unt,  "  Mui  ma  nut  msda  to  1 
adore.''  Beitigukol  whether  the  linewss  in  tlia  'NigbLTlinnghl«.'tIuqBritt 
the  tablet  "  N*o."  "  VTbere  is  it  thmf"  Tbe  reply  w  "Job,"  ttni  Wli(  < 
with  Young  H  Poemn,  the  «iaealJoaer  did  not  knihw  wlinl  tbia  DLoaAt  ^  liBl  1^  I 
hiiaghl  s  <»p>  of  the  Un>k  :  and  *t  llie  vdJ  of  the  h'igkl.  Thnifbu  hs  tataJ  ■ 
<iu  Job.  ihi>  Usl  line  of  which  is  that  just  raiud.  Of  cuuv  ba  wa*  nrj  mocfc  i 
thai  this  ehoulil  have  been  ennnciated  bj  the  [al<U;  but  bibm  It— alWomi^  hi  ■ 
Uiikt  be  hod  baJ  the  book  in  bie  honse  aU  the  tiiur.  ami  tJjat  hsbsd  IVmI  ik  brfbn;l 
Ibfl  reoiorkalile  liue  with  wbicb  the  Fsnpbnw  of  Joli  rb«^  liadiloabdaa  UI  Wik 
(vrebntl  ImprnmioD,  whicb,  being  called  iiib)  acIJTily  bj  u  ifuprefiriMa  mgf^i^ 
iioned  the  »nu!  efftvt  Dpon  his  mngnnlar  nuveiueolB,  M,if  tin  nmrntvaiKvafitlall 
aetosU;  pronut  to  hu  caMdaMBCM. 
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.erafoiv,  as  Aue  whicit  rvquiretj  u  much  more  laboured  discnsaion  thiiii 
coulJ  hei'e  be  appiopriately  btatowi'd  ujmhi  it,  we  may  "I'p'y  ounw-'lves  to 
the  conaiUei-tttion  of  thu  inoUe  in  wliieb  VoHlion  acta  (1.)  upon  the  Cor- 
poreal orgoiiiBiii,  mill  (2.)  upon  our  PsycLieal  nature. 

60ti.   It  is  a  fact  of  uuiverHul  eKperiyiice,  that,  although  eei'taiii  statea 
of  llind  have  a,  remai-kable  influence  on  the  Organic  functions,  no  change 
in  tiieir  usual  course  can  be  ileterniijied  by  the  direct  influence   of  the 
Will.*     Thu  only  sensible  eflect  which  the  strongest  efloil;  of  Volition 
can  proiluco  on  the  bodily  frame,  is  the  excitation  of  niWKC«^«r  vcnitractiirn. 
Now  if  wo  exftiuiue  into  the  caaiK  of  a  Volitionalt  muvenieut,  we  find  it 
to  lie,  aa  in  other  instances,  in  a  certain  combination   of  malerial  fon- 
dilioTig  with  dyiiamiad  lujejieij  (§  oHo).      The  a^regute  of  the  material 
conditions  is  a  stat^i  of  integrity  of  the  Musculu,r  and  NervouH  apjmratua 
through  which  the  WiU  operateBj    the  dynamical  agency  is  tha  effort 
which  we  aiii  oouacioua  of  |mtting-forth,  and  which  we  feel  to  be  //w 
poioer  by  which  the  work   ia  done;   the  degree  of  volitional  exertion 
required   being  strictly  proportional  to  the  amount  of  roisCaiice  to   be 
overcome,  jiiid  iMiiog  followed  by  a  coireaponding  sense  oi  fnli'jiie,  which 
is  the  indication  of  the  expenditure  of  force.     As  alreiidy  poiiitcd-out 
(5  fSO),  it  La  an  essential  condition  of  every  Volitional  action,  that  a  dis- 
tinct idea  sliould  exist  of  the  object  to  be  attained,  and  that  there  should 
also  a  belief  in  the  possibility  of  attjiiniog  it  by  the  nieaus  Piu[)loyed; 
d  furthei',  the  amouut  of  power  which  can  be  put-forth  onanyoecaiaon, 
is  depcudent,  eirterig  paribus,  upon  the  degree  in  which  the  attention  is 
couceati-atcd  upon  the  elfort,  and  the  mind  withdi'awn  trom  the  con- 
templation  of  other  objet?ts.      Hcuce  it  is   {as  was   there  aliown),  that 
Emotional  excitement  may  eithor  int^Dsify  or  may  [mi-alyse  the  Volitional 
power,  according  as  it  determines  or  iuterferes-with  the  special  direction 
uf  the  mental  energy  to  the  object  with  whlcli  it  la  connected.     But  the 
same  influence  is  eajiable  of  being  eserted  by  the  simple  dominance  of 
idain,  in  certain  states  of  mind  in  which  the  dii'ecting  power  of  the  Wilt 
iVL-r  the  cun-ent  of  thought  is  altogether  susjxaided,  without  the  destmc- 
of  tlie  cajiaoity  for  voluntjiry  exertion  of  the  uervo-muscular  appa- 
Tatua.      Thus  the  Author  has  seen  a  man  remarkable  for  tlio  poverty  of 
ijiis  muscular  development,  who  slu'nuk  from  the  least  exei-tiou  in  hia 
i-dinary  state,  lift  a  2a-lb.  weight  upon  hia  little  finger  alone,  and  swing 
round  bis  Lead  with  the  gi'cjitest  fecility,  when  in  that  state  of  artificial 
.mbulism   termed   Hypnotism   by  Mr.   Braid  {§   695);    his   extra- 
ordinary command  of  muscular  power  in  this  condition,  being  simply  duo 
to  the  complete  coucentratiou  of  hia  mental  energy  upon  the  one  objtict, 
end  to  the  dominance  of  the  idea  (with  which  lus  mind  was  possessed  by 

WLich  uf  yoo,  bytAbinic  thf>a|jht,  con  add  one  cabit  tu  Lis  Btatnrar^      ^^Thoa  cADHt 
Oot  m^kc  true  boir  wbiu^  ur  bbck.^^ 

t  Tbc  una  cuUlioiwl  mm  Hume  ?««■»  ninw  engBialed  by  l>r.  Sjiuondu,  id  an  aicelltnt 
tmty  OD  Lbo  '  CoiuiKtioii  bctwccu  Mliid  uiJ  Uosclc,'  publiEfanl  iu  tbt  "  Wi;st  of  Ki)|;luid 
Jounul,"  183S,  tu  eiprcAauj^  luijre  ^jupkaticaEly  than  votanfarif  tbo  flbanu]t«ra  uf  nn 
tcliaa  iiroceediog  fmni  a  diBtuiet  diuice  uf  Uie  ubjeet,  and  fn>iu  u  dftenoinate  effort  to 
MUiD  it.  HiH  nurd  TulaKiaFg  may  perhaps  \m  ■|>)>lic<l  lu  Llint  u  ii)?r  i^biss  uf  artinDa,  iu 
whioh  therH  ia  ao  vury  dJAtiucl  i^buirv  ur  cun^iijup  vffurL,  but  in  whioh  thv  riiiivviiit.-ul  Ituwji 
a^  it  were  agioatauui^aHlj  from  Lbu  juiUHMideDt  mcnt^  bUilv;  ilw  i.-iin50i-ruHTii.'Ha,  houuvi^r, 
bciiiE  fullj  awake  t"  i1«  pccfomuuH'^  iLud  Lbu  wUJ  bciuj^  bri^u^bt  to  \viir  tlnitnujnrxli^ij 
Bpao  it,  wliuuevcr  ui  oppoaiug  motivs  tuudi  to  check  tbe  pniuesH  or  Iu  alMr  ita  directioD. 
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the  confident  afiHui'aaoes  of  Mr.  Braid)  that  he  cou/d  &tt«ti  it  ynih  the 
greatest  faoility, — that  iden  not  beinjf  negatived  by  his  ordinary  espe- 
liencB,  ftii"  ratstiiis  to  >w  presently  stated  (§  070).  On  the  oiher  bund, 
the  HiLtiiu  individual  (wliilst  in  the  hyjinotic  ^tato)  di-clured  hiiuself  Alto- 
gether unable  to  nuse  a  liundkurchief  I'rom  the  table.  aft*r  many  apparently 
strenuous  ellbi-ta ;  hia  niiiiil  having  been  jireviously  jiossessed  by  tbo 
HMurauce,  that  its  weight  was  too  grout  for  him  to  luova"  In  that 
ciirioiia  Htate  of  urtiliciiil  Reverie,  wliiuh  1ms  recently  itttract«d  much 
ftttt-ntiou  under  tho  inappi'opriftte  name  of  '  Electro-Biology' (§  (1731, 
pi'ecifliLdy  the  same  phenomena  way  he  observed  ;  the  aulijeets  of  tt 
lieiiig  prevented  from  jwrt'drniiiig  the  commonisat  voluntai-y  moveineDtfi, 
hy  the  assurance  that  they  amnot  execute  them,  wlueii  (uauraiice  tftkw 
lull  iJOBsesaiciii  of  their  ndnda,  in  virtue  of  their  want  of  jiower  to  bring 
their  ordinaiy  ex]jerience  to  bear  upon  the  idea  thus  introduced;  whllitt 
they  may  be  compelled,  by  the  ilominanoo  of  ideas  introduced  in  like 
miHinur  by  external  snggestioa,  to  perform  actions,  which,  if  not  pliy- 
tiif^ly  impoRsiblc  to  them  in  their  ordinary  state,  they  could  not  be 
iudnciHl  to  exe<!ut«  by  any  conceivable  motives. 

tj(i7.  These  facts  are  not  bo  fiu-  removed  fi-om  our  ordinary  exjiericnco 
OS  might  at  hi-st  sight  appear.  For  it  must  be  withio  the  knowledgi^  of 
every  one,  tbat,  when  JirH  attempting  to  pt'rfonn  some  new  kind  of 
action,  tjio  power  we  feel  capable  of  exertuig  dejiends  in  great  nie&sare 
ujioh  the  degree  of  our  awturance  of  suecesi*.  Of  this  we  have  a  good 
e.vaniple  in  the  process  of  learning  to  swim ;  which  is  greatly  facilitated, 
ua  Dr.  Franklin  pointed-out,  hy  our  first  taking  means  to  satisty  ooi^ 
wjlves  of  tlie  buoyancy  of  our  bodies  in  the  water,  by  att«mptjng  to  jidk 
up  an  object  from  the  bottom.  And  every  one  is  aware  of  the  a^sluioe 
derived  from  the  enctiurageiucnt  of  others,  when  we  are  ouraelvos  dmiht- 
fiil  of  our  powei-s ;  and  of  the  detrimentid  iuilucuce  of  iliacouragement  or 
suggested  doubt,  even  when  we  previously  felt  a  cousidenkble  conlidenoe 
of  succesa.+  These  familial'  facts  show  us,  tlierefore,  that  the  phenoiueiui 
juat  described  as  occurring  in  abnormal  states,  ore  in  no  respect  couliuy 

*  The  Antbur  luu  eTer;  rtaiou  tu  beliete  tlial  thu  pcnwnal  i^hanu-Ur  of  lliii  io^Tiduil 
pluwd  bim  abuw  the  BunpiiioD  of  dweit;  aud  it  ib  obvioUE  that  if  ht  hud  prrutittd  tlw 
tir^t  -.'f  till?  ulxfVb  perfornLniicf^  (whii:h  vury  fow,  even  of  the  Htrun^fA  m^n,  c«al4  ftcoa- 
jiliidi  B-itbout  prwlifo),  the  effect  wuald  bnve  bocii  visible  in  bin  mmculiit  deTdaimHal. 
V(  L-uurei!,  tJLuru  wiu  nut  n»  equal  jirixif  uf  Ihu  nbeenCH  of  dei-cptioa  in  tbe  fwuiut  rav  at 
ID  tliir  tint  i  but  if  the  renlity  ^f  (lii?  Arat,  And  the  validity  of  the  exptui&lii^n  obvre  ^ii*h 
be  niLmittcd,  there  Deed  be  no  dllb^Dlt;  in  Ihe  nKcptioo  of  the  Heeoiid,  Kiniv  it  ii  i«lj 
jkDuIber  moDifeutAtiftu  uf  the  suiie  moDl^  coiiJitiuii.-^Of  tbe  (tTni4>J<t  «ii{>erhu]ikAii  atrco^ 
uuil  ■cilil]'  with  vhirb  the  Uxlf  neEUiii  euduwcil,  when  the  irbdle  euvrg;  ii  miamotnMl 
U]Mia  Huuie  Dtrvu-muwnlnr  effort.  <.'B]ifi:uill]'  uDder  the  ioduencv  of  im  OTBrpvw«i>( 
ezDotiou,  tho  fullowiug  ronuU'kui>lf'  t?tJtTii|dr<  biu;  lieun  oomDiunicdU*d  to  Uie  Aiathor  bf  a 
^DtlvntjiQ  OD  wliLtni  he  cud  plnix^  full  rcJiuDi^e,  tiuA  who  uu  peTBuiiAllj  eugniuhnt  of  Iks 
Saol.  Ad  old  Huk-mud,  totlvriiig  with  see,  bnviag  licnril  ui  nlarm  uf  fin,  teiui  n 
euonuoDs  box  euatoiiiini^  her  uhule  |jri>p(Ttj,  ujiil  ran  duwn  gt&iix  with  it,  a«  a^ly  u  •!* 
HDuItl  have  c&med  a  dish  of  meat,  .\fter  the  lire  hiui  lieen  eiuugaiahed,  ■hs  could  DM 
lift  the  Uiji  a  hair'a  brwdth  from  tho  ^^and,  nud  it  reqDired  twa  men  Ld  oanvef  il  op- 
btiLim  ui;iiiD. 

t  The  Aathor  nidi  remeiolieni.  sereral  yeiim  ftRu,  being  UDon;  tliOH  irho  t»t<il  th« 
v»Jiditj  of  the  Btnteiiieiit  put  fonh  in  Sir  D.  Brewiier'!  "Nntuml  Slsgie,"  that  fuui  (mt- 
■un»  i^uu  lift  u  fnll-Hiied  tudividual  froai  thv  firuuad,  high  intu  tile  air,  with  tlie  praM* 
flicilit)r.  If  tliey  nil  Uike-iu  a  full  Intnth  |.ir<^viDUHl;  Iv  thi:  ulfurt.  the  |)vn-ia  lifM  doing  Ite 
unic.  He  Fould  rukilil>  uuiivratiUKi,  njion  iiliyHioln^^ii  prind|<leii,  that  a  full  inapintina 
oa  ttie  piul  irf  thi;  tijltrt^ould  have  ii  i.'ertain  degree  of  tifficscj  in  augmentiag  ijMUDficvo- 
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to  oup  knowledge  of  tlie  conditions  under  wliich  the  Will  operates  in 
producing  iriuactdar  movement;  but  afford,  when  rightly  intuqiret^'d,  a 
strung  lyjfilirnmtion  of  the  atatcment*  already  made  respecting  the  uaturo 

tot  tliofie  conditions. 
I  OCS.  TbeWilliaexertei!,however,  not  merely  in  detemiiningtlie  aotioos 
of  the  body,  but  also  in  regulating  the  operations  of  the  Mind  ;  and  here, 
again,  we  find  tJiat  itB  action  is  limited  by  curtain  eoiiditions,  the  know- 
ledge of  wliich  is  of  gitTit  im[K>i-tancc  It  niiiy  be  said,  genenilly,  that 
we  liave  no  direct  power  of  calliufr  before  nur  conscioustiesa,  by  a  Toli- 
tional  efibrt,  ideas  which  are  not  already  pi-esent  there  ;  thus,  in  the  net 
of  R«;o!lt-ction,  we  cjiu  do  no  more  than  fix  our  minds  upon  those  ideas 
which  seciu  most  likely  to  re^Hill,  by  an  act  of  suggestion,  the  one  which 
we  deaiik'riite  (§  (i-14).  But  what  we  do  possesM,  is  the  power  of  CKcliid* 
iiig  some  ideits,  and  of  bringing  others  prominently  before  our  mental 
vision  ;  and  this  by  the  i>ower  of  Vidiintarij  Atlentitm,  which  is  the  chief  if 
not  the  Br)le  luuans  thiviiigh  wJiich  the  sequence  of  our  thoughts  is  directed 
by  iho  .Will.  It  has  been  already  pointed-out,  that  the  Attention  may  be 
involuntarily  fixed  upon  certain  subjects  of  consciousness,  through  the 
attraction  they  exert  ujion  the  individiial  mind,  iu  virtue  either  of  its 
original  constitution  or  of  its  acquired  habitudes;  and  that  this  attraction 
determines  much  of  the  automatic  action  of  oui-  faculties  (§  G47).  When 
most  strongly  exerted,  it  causes  the  consciousness  to  be  so  completely 
engrossed  by  one  train  of  ideas,  that  the  mind  is,  for  tlie  time,  incapable 
of  any  other  ideational  chaoge :  sensory  impressions,  if  felt,  not  being 
perceived;  and,  where  the  eonsciousne^  is  most  completely  concentrated 
upon  the  internal  operations,  the  individual  being  as  insensible  to  external 
impressioUiS  as  if  ho  were  In  a  profound  steep.  But  th<^ae  automatic 
tendencies  of  the  luind  may  be  to  a  certain  extent  antagonized  by 
the  Will,  which  keejis  thorn  in  chock  (just  aa  it  restrains  many  of  the 
automatic  impnlsea  to  bodily  movement)  by  the  s[)eoial  jjower  which  it 
exerts  over  the  Attention.  This  it  can  detach  from  subjects  which 
have  at  the  time  the  greatest  attractiveness  for  it,  and  can  forcibly 
direct  it  to  othera  from  which  their  attraction  would  otherwise  divert  it. 
And  in  its  most  complel*  and  ix>worfui  exercise  (which  is  not  within 
the  cajiacity  of  every  one),  it  can  so  completely  limit  the  mind  to  one 
tniin  of  thought,  that  tlie  state  of  Abstraction  induced  by  the  Will  may 

iqiukdIu-  puwer ;  but  he  uould  not  peiceWe  ha»  the  perTorniaQOo  uf  thu  mnie  ael  I17  the 
permt  lifted  cuoid  Lav^  aiiy  up[>rednb]e  eUeut;  aud  wluJe  maay  of  hiH  n^iquaiulAacea 
Minred  liini  that,  »'hcu  ivll  the  ^uml  itwiiJi  iierv  ■luljr  ob^jrved,  tbe  lioily  weut  iip  ■  like  s 
feather,'  lud  that  ibej  fi>ll  i,Htiii)iGtl  of  Iwing  able  to  suppurt  it  upoa  Ibc  jjiitutH  nf  Ibuir 
fiiLG^r«j  be  found  his  onu  experi<^nrt  qnil«  differenti  and  couie  t<i  tho  oijucluHi'ru,  aft«r 
mut^b  olfAf^rvjutiuit.  thftt  the  facility  affi^rtl«l  liy  thi^  meth^xl  ci^tiral;  depended  upiiu  llift 
dBi;n!i:  In  Hliiuh  ii  fultillei!  the  nlwfe-meiitiunal  oonditiuns.  numtlj,  the  fiMiliiin  of  llic 
attinilioB  npuD  the  vSvri,  soil  the  t.'onciution  -if  thu  aurirciu  of  the  nietlii»l.  Wbeucver  tlio 
KtWntiitn  w&vdi»it.nh!t^  and  ainddiruce  weiLkencfJ  bj  a^tjpLictHm  eu4  to  tht:  rtenlt,  Elie  iironu^t^l 
UBistiiu^  kiU  Df't  U-*£perieii^wl- — Th'!  Auth^T  inn_v  al^i  mcDtion,  a*  a  very  cljjiructfriHic 
illnitntioD  of  tbe  same  priucijile.  tliL'  fillouiu):  little  i-itrutuBt;iiiii;  romuiiiDicated  tu  bim 
bf  •  friend.  This  gentlEnuui  rulntal  that.  bnTlui:  ii'ecD  mrUHtomtK]  iu  bis  IxiyhiUH]  tu  plnf 
at  logAttillti  vitb  other  juuiora  *il  his  frLmilf,  the  party  waa  occBfiiiknaLlj  joined  hjn  reUtivo 
irbu  wa*  nuled  for  her  auwESS  nt  tlie  sinie,  nnd  who  wa*  i-onswiuently  mudi  dnmieil  bb  an 
oppuQUQt ;  and  that,  ou  ode  ocuuion,  when  Hbo  wilh  atijut  tu  take  her  turn  oRniUBt  bijn, 
bo  niguiiibl)'  esebuttKBl,  "  Now,  aunty,  you  wi[l  nut  l>e  alj|e  to  make  n  hit ;"  the  effect  of 
wbip:b  suggeHtiun  wu,  that  eUe  loitfiud  erery  stroke.,' — ajicl  not  only  at  UiAt  turn,  bat 
bruugh  UiD  iBmuudHT  of  tbe  eveuing. 
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Ue   n&  complete  as   that  wlilcli    in   Bome   individiialB  is  of  spontAiii 
occurrenoc  (5  07 1). 

669.  In  ]>i'oportioTi  as  we  are  able  thus  tn  cnticcntrate  our  ntle&tion  on 
the  subject  proper  to  tlie  time,  and  U>  exclmie  all  ilistractiiig  conaidera- 
tioiia  whilst  pursuing  the  ti-aina  of  thought  which  the  contemplation  of 
it  Buggt'sta,  will  lie  oiir  power  of  advantagfounly  employing  oiir  Intpl- 
lentual  Faculties  in  the  nctjuireiiieiit  of  knowledge  and  ia  the  pursuit  of 
truth;  and  nil  men  who  have  been  distiiigitisbed  by  their  tntellectu^ 
ftthievumeiita,  have  poBaosswl  this  faculty  in  n  considerable  degrne,  II 
is  oDe  which  ia  "  eminently  cn|>uh!e  of  cultiTation  by  atettdy  intention  of 
minil  and  habitual  exercise ;"  and  the  more  frequently  it  is  put  in  practice, 
the  easier  the  exercise  becomes.  In  fact,  when  a  man  has  once  brought 
his  IntelleotTial  fiiculties  under  the  mastery  of  his  Will,  to  aueh  an  extent 
as  to  induTO  the  state  of  Abstraction  whenever  he  pleases,  tliis  slate  be- 
comes (as  it  were)  '  secondarily  autoniafcic ;'  and  the  fixed  direction  of  the 
thoujthta,  wliicb  at  first  retjuired  a  amst<nU  volitional  effort  for  its  maio- 
tonanco,  comes  to  bo  cflntinueil  without  any  consciousness  of  exertion, sn 
long  as  the  Will  may  permit. — We  have  in  our  own  consoioiisuc^  of 
eflbrt,  and  in  our  experience  of  aulisequeat  fatigue,  a  very  strong  iudica- 
tion  thftt  the  p'jwer  wliicb  thiis  controls  and  <iirecta  the  current  of  thought, 
is  of  the  same  kiiuJ  with  that  which  ealls-fortli  Volitional  movements  of 
the  Iwdy,  though  exerted  in  a  difl'eront  mode.  And  just  as  the  strongMt 
exertion  of  Will  is  requirejl  to  produce  or  snstain  Muscular  contraction, 
when  the  sense  of  muscular  fatigue  ia  already  strongly  experienceil.  or 
when  we  are  antagonizing  a  powerful  automatic  impulse,  bo  in  the  Aew- 
mination  of  Mental  effort  in  a  particular  direction,  we  find  ojireelrw 
necessitated  to  make  the  greatest  Volitional  effoi-t,  when  we  arp  already 
labouring  under  the  Heiise  of  Cerebral  fatigue,  or  when  the  attention  is 
powerfully  8olicite<l  by  some  other  attractive  object.  And  it  is  after  any 
such  contest  with  our  natural  tendencies,  that  we  esperience  the  greatem 
degree  of  exliaustion ;  the  merely  automatic  action  of  the  Mind,  which  w 
attended  with  no  effort,  being  followed  by  comparatively  littli;  fatigue* 

'  The  Antlirtr  in  satiflfial  from  faia  otq  oxporicDC^  tliit  n  tQ'>bt  v^oaltle  indirKtiim  naj 
lo  huiipe  (ImwH.  in  ri'imril  Ui  the  reguliiliuu  of  iho  hubils  of  lutollpptuil  Inbuur.  To  iwfi- 
ticIuhI?  of  (irdiiinry  in#iititl  Kotjrity.  who  haTc  bwn  Iminnl  in  th?  hftliit  nf  methinlinl  Vid 
ocmnwtcd  lliinkiiiR,  a  lerj  dinwdtTable  amonnt  of  anrk  is  qnilo  lulural ;  anil  wbn  toA 
personfl  ate  iii  gouJ  lioiUlj-  hiMilth.  und  the  su\ij«cl  of  thpir  blnnr  \»  coogeoiil  fcn  tlim,— 
enpecuUy  if  U  W  ono  that  has  l^'fn  rhovon  hj  themF«lru«,  an  fonuBhio^  ■  rrnirr  '"S  ' 
attrftotioD  B.n)and  whji:Ji  tbi'ir  tltuii^hta  ftpontADvoQ^f  tcDil  to  range  themwlTvs, — tbnr 
int«l)Mlu«J  uperationH  require  bnt  iittie  of  the  oonWolUim  or  direetiog  imwor  if  tbe  Wll. 
and  iDny  be  continoed  for  long  perimla  1j|gi>tber  irithaiit  fatigue.  Bnt  from  tli(  mooMM 
vhen  an  indUp<«ltioD  ie  erperiaiiDed  to  keep  tho  attention  £i«l  npon  tbe  anbjeft,  and  tbc 
thnui^its  wiiniJtT  from  it  nnlenooeroiidbirtbe  Will,  the  nirnUiJaeIJTit;IoK«iI««piailuiHHM 
or  Aot^hiontie  i^hiLrnetCT;  and  more  exertion  in  re<]txire<t  ti>  mitintain  it  voHtj"UAlW  ■Ivria^a 
hriuf  iKTioit,  and  more  fntig^e  in  Bulwenm-uttj  eipcrienred  fnim  unch  iku  eff.irl,  Iban  wquid 
be  involre<1  id  the  e,>ntinuaDiv  <if  rtn  antomatic  of>LTjLtioa  tbrongh  a  periiHi  manj  lima  M 
iiin^.  Hence  he  faaa  found  it  praetifoUj  the  ^r?aU'j^t  e'^rnomy  of  mental  lalvmr,  to  vifft 
TicnrouHly  when  he  feelii  diapoeed  fi  ili>  so,  and  In  refrain  from  eiertion,  lo  fu  at  puarfblii 
tehrn  l!  u  frll  lo  br  an  rrerti'm. — Of  eourao  this  rule  in  not  applicable  to  atl  indiTidnUa, 
for  there  arc  some  wbo  would  pnaa  their  whole  time  In  liatleaB  inoetiTitj  if  not  aelaallf 
npniTod-on  by  the  feeling  of  necesaity ;  but  il  hr>Id»  (,-Oi"l  for  those  *bo  are  mffieitnllT 
attmcleil  b;  ijl>jecta  of  iotercat  before  them,  or  itbo  bare  in  tlioir  n-iirldly  cireamatBMM  i 
noiBrienll  J  strong  mutiTe  to  exertinn,  io  njiiku  tbcm  fuel  thst  tbe;  miwf  vork ;  1^  iptm- 
Lion  with  Ihom  ('rang,  koa  thoy  ean  atljuo  their  dexired  reanlts  with  the  leaM  •xpasditsn 
uf  mental  effort. 
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C70.  But  this  determining  i>ower  of  Volition  in  employed,  in  however 
alight  a  degree,  whenever  tho  miccesaion  of  thought  is  not  per/erfli/  apon- 
lantinit;*  wliencvoi",  in  fhct,  we  wish  oui-  eonsciouauess  to  taVii  a  parti- 
cular direction,  even  for  the  appi-ehension  of  Ideas  most  faiuilar  tn  oiir 
misds.  Aad  it  ia  especially  requisite  for  the  exercise  of  the  .fiidffiiifu/; 
since  thi;  ecimimrison  of  ideas  which  this  involves,  can  oidy  take  plueo 
when  the  Will  has  the  power  of  selecting  thosw  which  are  appropriate, 
and  of  bringing  tliem  into  collocation  with  each  other.  The  contiiiiml 
action  of  the  judgment  through  thia  uietlium,  is  in  fact  the  source  of  that 
eomniOTi'^ciise, -<shvTison  we  rely  iu  the  ordinary  conduct  of  life.  We 
almost  uncouscioualy  store-up  a  mius  of  impi"ession8  derived  from  our 
habitual  esperiuuce,  by  which  we  are  continually  teating  tlie  validity  of 
new  impre.-iaiona;  admitting  them  if  consonant  with  it,  rejecting  them  if 
vehemently  discordant,  and  keeping  theni  on  trial  if  we  cannot  ilispoae  of 
them  in  one  or  other  of  theat  modet*.  The  simple  credulity  of  the  child, 
ou  the  other  hand,  di-[ieud9  upon  his  having  no  such  stock  of  experience 
on  which  to  fall  back,  for  the  correction  of  any  erroneous  notions  which  he 
may  himself  fonn,  or  which  may  be  imjiarted  to  Lira  by  others.  Tlie  effort 
required  for  thia  comparison  of  things  prcient  with  past  experience,  when 
OQCe  it  comes  to  be  habitual,  is  bo  ahght  as  to  be  scarcely  perceptible 
even  to  one's  self;  yet  alight  as  the  effort  may  bo,  it  w  the  one  thing 
needful ;  and  it  may  bo  unheal tatingly  laid-down,  that,  if  the  directing 
powers  of  tiie  Will  he  suspended,  the  capability  of  correcting  even  the 
ntost  illusory  ideas  by  an  ajipejJ  to  'common-aeuse'  ia  for  the  time  an- 
niliil«t«d.  Of  this  wci  havo  a  typical  example  in  the  state  of  Dreaming 
(5  6'J  1 )- — Hence  we  see,  that  If  the  Humaii  Mind  should  lose  for  a  time 
Uie  power  of  viiUtioual  self-direction,  it  cannot  shuJtensff  the  yoke  of  any 
'dominant  idea'  however  tyrannical,  but  miut  execute  its  behests; — it 
cannot  bring  any  notion  with  which  it  may  be  posseaaed,  to  the  test  of 
'  oonuoon -sense,'  but  mimi  ac(«pt  it  as  a  belief,  if  it  be  impressed  on  the 
conBciouHncsi  with  ad(^qllate  force ;— it  cannot  recall  any  fact,  even  the 
moat  fiiruiliar,  tliat  is  beyond  ita  inimediate  grasp ; — upon  any  idea,  there- 
fore, with  which  it  may  be  possessed,  the  whole  force  of  its  attention  is 
for  the  time  conciiuti'ati'il,  so  that  the  most  incongruous  conception  pre- 
sents itself  with  all  the  vividness  of  reality; — and  finally,  if  the  automatic 
activity  of  the  mind,  when  freed  from  tho  controlling  power  of  the  will, 
Bliould  dejH'ud  more  (iiJon  extimiU  than  ujton  intfi-nnl  augge-ition,  and 
hence  should  take  no  determinate  direction  of  it«  own,  one  idea  may  be 
readily  gulMtituted  for  another  by  approjiriate  means;  and  the  whole 
gUie  of  the  convictions,  the  feelings,  and  the  impulses  to  action,  may  be 


li  a  hoped  that  tho  reader  will  hava  been  niitile  anflicieiitly  awiiro  hy  the  precedini! 
expluiWiuDa.  ibnt  h;  lbs  tunna  'ipontJutMus'  or  '  nntumatic'  BU«iea>Tiiii  of  Ihooght,  it  ia 
inteiulttl  lo  desi^alt-  timt  »c|ueiiiti  uf  irtAteti  of  FoimciuuiuieBs.  in  which  avtu;  ono  u  tlie 
uomeillato  reATtlLant  of  that  whifh  pru^ediKl  it,  vhetitt^r  that  won;  idcatiaoai  or  HJuatiozml. 
ThuB  the  cniTBDl  )if  Ihoujjht  is  alikt  '  irpontnneoiiii,'  when  it  flows  onwarda  in  one  con- 
tiaaoiu  fbtmael  tbeinij;  illrt^tod  hj  a  iiingle  dominant  iilcn  which  alieorhs  the  whole  nttta- 
tioa),  And  wheu  the  mind  is  freotj  aceouihlo  to  eslernal  impreflflionfl  and  irnty  be  entirely 
tfuiil^l  b;  them-  T}ie  iilieeuTaeaa  of  Keverie,  A  bBtraiTtiL.tn,  anii  Sonjnnmbnljinn  (as  will  be 
prraenlly  swul  affor'l  illuMinitionii  of  WA  thiwe  nUtea;  whis'h.  thous''  apimreutly  opiioBite 
in  theit  nslore,  are  really  chiKneteriseil  hytheBBraoeaaentiul  fiaiture, —namely,  tho  aluonce 
of  the  direrting  gmwer  •>(  the  Will, — aod  differ  only  as  b)  the  tiU>ieclirc  or  the  of^jtetirt 
ebaraetei  uf  tlie  laggeitiona  which  detcnniue  the  succeaaien  of  thought. 
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thiifi  altered  from  time  to  time,  without  the  leaat    |i«ro«fitiDB 
Btmiigeuts.1  of  the  transition. 

671.  The  iniportauof  of  ihiR  directing  power  of  iUp  WiJl  iiMjr  I 
appreciateil,  l-y  tlae  exaniinttti-in  of  thi«i?  curious  st«U.«  '-^  »''■ 
entirely  Buspenilcd,  whilst  tlie  latfUect  reuinius  in  fnll  . 
Seiisiinum  is  freely  open  toeTt^mal  iiitpression^     i^iohiviiMii 
sliuw  us  whiLt  wc  should  be,  if  we  i^ally  ttvrr — wtuit  boiii«>  wriMiI 
us  thnt  we  actually  are — mere  thinking  autauuvt«,  pup|HiU  ranndl 
direction  by  the  pulling  of  suggesling-atriugs,  J  fiSO  naU)  |irt«eittl 
selves  tpoiitaneously  in  some  iodiTiduais,  and  may  be  ituliteid  Id  i 
and  it  ifi  not  a  little  remarkafak  thut  iltey  may  otvttr  u 
both  of  the  waking  and  of  the  sleeping  states.     Of  tba  fnnDcrwrl 
ejcaniple  in  ordinary  Hererie,  a.  state  to  wluoii  aotni'  ixrxotu  UK  ] 
prone;  the  chunttrt^^riBtiv  of  which  is,  tlint  whilat,  ba  Id  1> 
Buccession  of  thought  is  eniiit-ly  automatic,  it  is  in  nft  amall 
flncnct>il  by  external  Impressions,  especially  such  as ariin  from  iha i 
phenoniciin    of   Nature.       It   is  in   minils   in   which   thv  «na 
imagiualivB  elements  prodominate,  that  wc  usually  tind   the 
deneyto  reverie;  and  the  sequence  of  thought,if  subeoqurqitlyi 
be  found  to  have  been  chicAy  determined  by  these  brnilcDciva. 
aoquence  may  conduct  us  to  notions  altogether  iiii»iir^8tcnt 
most  familiar  experience;  and  yet  we  aocej>t  them  ag  renlitiw,  i 
fltouding  this  incongruity,  because  the  idi^A  to  which  thoy  imi  • 
are  not  present  to  our  minda  at  the  time,  and  the  dormant 
Will  prevents  us  from  making  the  slightest  efibrt  to  bring  tlirai'! 
the  consciousness.      The  xtate  of  Abairadion,   or   'abscnc*  of  I 
essentially  the  isame  with  that  of  reverie ;  the  chief  difference  1 
in  true  Abstraction  the  mind  is  at  work  latiocinntively,  a 
of  thought  being  foUowed-out  by  the  intellectual  opemtions  tu  itel 
conclusion  i  so  that  it  is  the  Philosopher  who  is  most  prone  to  ah 
as  the  Poet  Li  to  reverie.      Now  it  is  one  of  the  most  ouriouspli 
of  this  state,  that  external  impressions,  if  recejvtxl  by  the 
at  all,  are  wry  often  v^ruii-t/li/  perccive'i,  being  inierjirt^ted  in 
with  the  idea.s  which  happen  to  be  dominant  in  tlie  miuA  at  thai 
instead  of  giiing-rise  to  those  new  ideas  which  ordinarily  cannMt  I 
selves  with  them,  in  virtue  of  tlie  individual's  bsbitanl  exp«ri«iiML 
records  of 'absence  of  mind'  are  full  of  amuidng  instances  of  vtA 
interpretation.     Nothing  seems  too  strange  for  the  individual  to  I 
nothing  too   absurd  for  him    to   do  under  the  indueuce  of  that  i 
Thus  of  Dr.  Robert  Hamilton,  a  well-known  Professor  at  AbtTnlMa^ 
was  the  author  of  many  productions  distinguished  f'-r  their  ymfimaAi 
accurate  science,  their  beautiful  arrangement,  and  their  clear  i 
we  are  informed  that,  "  In  public,  the  man  was  a  shadow;  imlleil^ffl 
hat  to  his  on'n  wife  in  the  streets,  and  a]>oli>gized  for  uutlMTTttfl 
pleafure  of  her  acquaintance  ;  went  to  his  clauses  in  the  colk^  i 
dark  nioi-nings  with  one  of  her  white  stockings  on  the  imc  li^  md  W 
of  his  own  black  ones  on  the  other;  often  spent  thi-  whole  timt  J  th*j 
nioeting  in  moving  fi-oni  the  table  the  hata  of  the  students,  which! 
constantly  returned;  sometimes  invited  thciu  to  call  nu  him.  "oi 
6ncd  them  for  coming  l«  insult  him.      He  would   nm  against  m  em  ' 
the  road,  turn  round,  beg  her  pai-diiu,  call  her  '  Jladani,'  «im1  bcfa  i 
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I  lurt  Iturt.     At  olhiT  tinim  li<>  wonid  nui  (igidnst  posta,  luid  i-bitle  thein 
'  O'lt  p*ttiiig  Dill  of  Ilia  wav."* 

Si  ^.  A  Ftnt«  111117  Iw  urtiiluiiUly  indui^eil  in  inaiij  indiviilutds,  \yy  a  ooii> 
■■■  at  nil  <ibji'ct  ill  n  muiionite  tllElaiice.  wlijcli  ctirreajMiiids 

;.v<.'ri(t  mill  Alisl.m'.'tiim  in  rcgiircl  to  tbo  (X>m]ilelL-  sna- 

>i»ii  oi  liii  UJi>vliiig  |»iwcr  i>f  thi'  Will  ovi-r  tlii?  cuiTeiit  of  llioiight, 

i  which  itiffum  Iriini  tlif:^-  in  lUu  ri.'iiiliiti''u  u'ith  wliioli  tlit-  DiiniJ  may 

il  witli  iii(-;is  wigg-'steil  to  it  tliruugh  tlii"  iut.-iliiiiii  ol'  liini;nngT>, 

liad  Im-'cu  coiiiQioiily   known   liy  llie  nuaie  Klfdro-B'uiloijiait, 

Hi  th"  mocW  in  wliicli  its  imlaction  was  originally  jiractiaeil  ;t  Init  it  is 

ruiorn  fiT'jui'uth- litsignattil  lij-  the  very  iiin,|>iiiM]irintet«riufl<«/w/Mixi, 

I  «ubji-pt  of  it  luuy  be  tnaly  cliiiracterizcU  os&  thiiJciiuj  aittomnUtn,  tho 

Locnirae  of  wlii>Bp  id«is  may  l>e  iletcruiiiicJ  by  sug,seationso|ipi-ating 

sat;  wkI  his  inind,  ha^'ing  in  itself  no  [lower  of  nltcriiig  thu 

rof  thesi.'  in  even  the  aliglitest  Jegree,  \a  cut-off  fi-om  all  recourae  to 

I  I'xptriwict  for  the  examiuatiou  of  their  coiTcctnoes  or  thcdi-tor- 

nti  of  their  fallm-y.     The  senses  of  the  bJologiwHl  aiibjeot  arc  fi-eoly 

ublr-  to  external   iinpro^ons ;  bat,  ae  la  thu  01190  of  the  'absent' 

his  pi-rc<iiit.iou  of  tli^o  is  governed  by  tho  idi'i»a  whioh  niuy  be 

il  in  his  mind  itt  the   time:  and  ho  nmy  be  (roiiHuquently  led  to 

■mi  ruiainlt-rjiri'tjition  of  them.      Yet  his  stuti'  of  uiiud  ta 

If..  ..ni  (rum  hia  onliiiftry  condition,  aa  to  ['iiivont  his  iisiuil 

pf  tlioiiglit  ntid  l'e<.-ling  from  disjiliiying  tlicuisclree ;  aud  h(>  hiia 

enai-s  ii  inTfi-ct   ret-oUection  of  what  has  takoti  place,  wlipu  ho 

to  \i\»  iiJiiiiil  CHiJitiiJu  of  inrTiitiil  actin'ty,  though  Noruetitiies  tho 

Uwrtion  does  not  exti-nU  to  |)!vrticnlars,     AU  the  jiheuoiuena  of  tha 

Sutt'd"  stato,  when  attentively  esamjnud,  will  bo  found  to  consist  in 

I  OOcU|int.ioii  of  the  mind  by  the  ideas  which  have  been  suggested  to  it, 

1  in  the  iutluoMce  wluch  tliese  ideas  exert  ujion  tho  actioos  of  the  body. 

1  the  o[>«vitor  nsierta  that  tho  'subject'  cannot  rise  from  liis  chair, 

his  eye*,  or  continue  to  hold  a  stick;  and  tho  'subject'  thereby 

art  an  completely  possessed  with  the  fixed  fielief  of  the  imjiosaihility 

I  act,  that  be  is  incapacitated  from  executing  it,  not  becauac  hia  will 


'tttw  Monthl;  Miigiuiiie."  tuI.  irviii.  p.  GiO. — The  Autlior  hu  Ii«ird  fVom  an 

'  ''r.  Uniiiillon  ui  uiwrlit?  »>  gin^Tilnrly  illuetralivc  uf  this  |>eculiu'  «iiiilili<ju, 

ri'l^L^n  frum  bere  iutixhtluoiri;:  it.     Tiifl   Trof^R^Lrr,  ivAEkiii^  nue  liny  ahiug 

vl  wiili  lilt  [fuut  vt  Ilia  lirecoLcs  <i[nii  (du  rcry  uuumial  o^vuituucb  willi 

,  rbMBtft  t"  eu''ijautur  ■  mminJi  in  a  wbtic  apii'U ;  ami  iip)»imiCI]'  niiitliLkiug  thiii 

t  lot  hir  uvn  uliirt,  he  liuM  LoM  uf  tt,  and  Wgiui  to  iiiLrdi  It  into  the  flittuktiofi  which 

•Electro- Dill  I  igistt,"  wlliey  terme'l  theiunelvBg,  at  first  maiuUiineil  thBt  i  vronder- 
!  nulled  iu  the  little  iliek  .i(  wijjper  mlh  a  ainu  centre,  t-j  whit'h  thty  .lirpctod 
Ik*  na>  at  thuir  '  iiiiyfii.'  It  is  nuw  iiiiiTerwdl;  adaiiit^l,  h<>n'«ci-r,  that  any  iit-je-A 
bUrv  fvTTM  i«  K  pMitr  it'ajjp*.ti  for  the  liii'd  gu^,  ii  equally  (?1!icariuuB.^Tbe  Autlior  has 
MkMtatioB  ill  nrowiui;  his  bctiuf  iu  Che  rtiiUlg  of  the  phenompiis,  whiuh  ore  JescriUid  u 
PMSmoG  in  thiti  *isl« ;  these  hnviuf;  licen  pre^wnteil  (o  himself  and  to  other  acieutiSc 
|tt■iAl«n^  !)j  onuieri^iiB  miii^iilQiLlK,  on  tfhoM  boueoty  and  freedom  from  all  disposition  to 
iMin  UunuKlTei  or  othirrs,  itupltdt  relianre  could  be  [iloixil.  All  yiMir  eiliiliitions. 
Dm  fatamin  in  which  are  of  questionable  cbaracler,  are  of  conrie  i>|;*u  to  the  obvioua 
Ubejr  uf  iatitntiuBal  deceit.  With  rergnrd  Ijj  the  iMrrprfiiiium  of  thnw  jihcuomeiia,  huw- 
mr.  b*  caiinly  dissecta  from  the  stnlemCQts  uommonly  tuail.^.  to  the  sOeirt  that  tlii.-  Wilt 
4  the  '  biolii^wl'  mliject  is  entirely  uuder  the  oonlri.4  of  that  of  tlu.'  operator ;   ninrB  he 

Ciaving  no  other  intiuence  ovor  the  rmuer,  Iban  through  ihc  tmjga- 
ige  and  maimiir  conTey* 
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13  controUetl  by  tliat  of  another,  but  becausi;  his  will  is  in  lAmputt*.  i 
his  muacles  ure  euliii'ly  undiT  the  gwidance  of  the  convirti«ii  wliidi 
the  lime  pot^esaes  his  miiiiL     So  agaia,  wh«i  lie  is  iuail<<  lo  drink  1 1 
of  water,  and  is  naaurecl  that  it  is  coffee,  or  wiiie,  or  milk,  that  i 
delivered  in  a  deeiUeil  tone,  ninkea  a  etrouger  iiii(ire^i(io  tin  ktaj 
than  that  which  hu  receives  through  hia  taste,  smell,  or  sight ; 
being  able  to  judge  and  compaj'e,  he  yields  himself  up  to  IUd  *i 
idea."*     Here,  iiguin,  we  peivn^ive  that  it  is  not  really  ihi  imA,! 
operator  which  controls  the  iKitaMioM  of  the  subject ;  but  tho  < 
of  the  operator  which  excites  a  ooiresponiUng  «/nu,  the  fnlsity  of  ' 
is  not  correctefl,  simply  hocauso  tlie  mind  of  tlie  subject, 
pletely  eugrossed  by  it,  cannot  ftppreheud  the  truth  le*s  fordbl;  ti 
on  it  through  bis  owq  senses. — The  same  geon-ml  atat^mnut  i 
what  has  been  designated  as  '  control  over  the  memory."     The 
aaaurud  that  he  cannot  remember  the  most  familiar  thing,  bis  (iwit| 
for  ejcample;  and  he  is  prevented  from  doing  so,  not  by  tho  will 
oporator,  but  by  that  conviction  of  the  impoesibiiity  of  the  mo 
which  engrosses  his  own  mind,  and  by  the  want  of  that  vtilanluy  I 
over  the  direction  of  his  thoughts,  which  alono  can  enable  him  I 
the  desiderated  impression.     And  the  abolition  of  the  (ffOK  of  ] 
identity  (Mr,  A.  believing  himself  to  be  Mra.  B.,  or  Mis.  CI 
herself  to  be  Mr.  D.,  and  aoting  in  ouuformiCy  with  that  b^iaf^l 
diiccd  in  the  ^ame  mode :  the  assurance  heioif  oonliiiu.-(lly  roptkli 
it  has  taken  full  possession  of  the  mind  of  the  '  siiVycct,'   wliti 
direct  his  thoughts  as  to  briug  his  fumiliar  experience  to  nut 
dispel  the  illusive  idea  thus  furced  ujxiuhim,     Thepbenomena] 
by  ditferent  '  biologized  subjects'  are  by  no  means  the  tiame ;  tor  if 
individuals  it  is  the  relation  of  the  muid  to  bodily  action  whidi  I 
remarkably  atfected,   in  others  it  is  the  relation  of  tlit-  pen* 
seiouauesM  to  seiisutious,  and  in  others  ((^specially  those  who  are  1 
of  an  iniagiiifttive  and  excitable  disposition)  it  is  thecnurse  nf  t 
of  emotion  which  is  most  completely  under  external  giiidAUOC. 
quently  to  be  observed,  moreover,  that  some  cajiability  of  volit 
still  remains,  so  that  the  '  subject'  endeavours  to  resist  the  oomn 
the  operator ;  but  this  may  usually  be  subdued  by  tha  emphatie  ; 
tion  of  the  assurance  "  You  Jimgt  do  this,"  or  "  Yon  eann«t  do  ( 
which,  when  it  takes  complete  possession  of  tlie  mind  of  the  subJMii 
duces  the  will  to  a  state  of  entire  powerlessness-f 

*  It  is  very  cmioiu  (a  obperre,  in  ninie  instances,  the  perplexity  UMag  (nm  Ik*  t 
tmiHj  between  the  upposing  unsorj  iuprewoai.     The  mind  •onoa  na^Jc  t>  !•■ 
thia  contr&rict;,  and  yields  itself  up  It)  tbe  impreuion  mhlch  ia   bum  MnaA  ' 
Sometimei  it  in  couriuced  bj  the  rep0it«d  iu^iinLDces  of  tlie  EfpvTsttiT,  ^ 
tagtr  alrnie  is  oppoeed  to  theiu,  but  a£tacbea  n  bD|>erior  iiujKrrtJUM  U>  Urn  ii 
liglit:  in  iitber  inditidiuJB,  again,  t1i«  indiFatitini  iy(  nglit  run;  1«  |iBt  uobr,  M4fN| 
'  Bahjupt'  I'niiuot  be  nuule  to  b^evo  nhot  is  Lu  oppusition  i'>  lila  wuw  of  tacte     Haul 
■onie  iudJTirluals  whu  cnn  never  be  thus  plnjod-Dpon,  notwilhnAuding  tW  tk 
muvementii  uid  their  jntrelj'  mental  aineeptiuns  W  fompletel;  amenable  b  ' 
dinetion. 

i-  It  iB  vorthf  i>r  perticuTiir  notice  in  this  cdnnection,  thnl  Clila  want,  mil  nalliafi 
to  more,  liat  uf  MiaC  \a  the  poeseatioD  cf  the  power,  it  a  frv^iucnt  diua>:MnilE« 
state  of  the  nervoud  i^jstem  which  is  oommaulj  desiitnatnl  aa  '  H/nlvrical  /  >ad  Ibatl 
ikt«o,  the  must  eScufiuus  trestnieut  ooasists  ji  the  encountgeineut  iiF  ToUtiDDal  •!«**• 
part  urthc  puticut  tu  put  the  puraljrsed  timb*  in  action,  anij  in  the  repctilliia  irf  ■ 
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^B  673,  It  is  obviouR  that  if  the  iiccoont  here  given  of  thn  condition  of 
^B  the  Min'l,  and  of  the  itiotle  of  its  opcnition  on  the  Body,  in  the  stattft  of 
mLtiiml  anil  urtiticial  Reverie  and  Abstnii'tion,  be  correct,  all  the  actions 
performed  in  these  states  must  bo  regarded  as  essentially  autonuUic  iii 
their  nature ;  the  coui-se  of  thought  l>eing  entii-ely  doU-rmincd  by  the 
play  of  Suggestions  upon  the  assooiatious  previously  formed,  imd  all  the 
bodily  movements  being  the  direct  manifestation  a  of  the  itka^  which 
possess  tiie  mind  nt  the  time,  just  as  the  ordinary  muvcments  of  '  ex- 
preasicin'  are  of  its  eiOJitiiyiis,  And  it  is,  therefore,  in  these  reinarkalile 
pbnaea  of  psycliical  exiatenc«,  that  we  have  the  clearest  manifestation  of 
th«  power  which  Cerebral  changes  possess,  to  produce  muscular  move- 

■  ment  independently  either  of  Volition  or  of  Emotion;  an  action  which 
may  be  distinguiahed  aa  ideo-vtotor,  since  it  only  takes-place  when  these 
I       changes  are  of  a  kind  toawakan  tho  ideatioaal  consciousness;  and  which 
is  a  IniG  '  reflex'  action  of  the  Cerebrum. 

fi74.  Ketnming  now  from  the  consideration  of  these  Pathological  con- 
ditions of  Mind  (sfl  they  may  be  not  unfairly  designateil)  to  the  exami- 
nation of  the  Psychical  coDBtitution  of  Man   in  the  state  of  normal 
activity  of  his  faculties,  wo  shall  find  tjiat  very  iiiii>ortjint  data  may 
be  drawn  from  these  sources,  with  regard  to  the  jiwdus  operandi  of  the 
I        Will,  and  the  manner  in  which  our  conduct  ia  determined.      For  we  have 
^Haccn  that,  iu  so  far  as  the  directing  iniiucnce  of  the  Will  over  the  current 
^■of  thonght  i»  suspended,  the  individizal  becomes  a  thinking  automaton, 
deatitut«  of  the  power  to  withdraw  his  attention  from  any  idea  ur  feeling 
by  which  his  mind  may  be  possessed,  and  as  irresistibly  impelled,  there- 
fore, to  act  in  accordance  with  this,  aa  the  lower  animals  are  to  act  in 
,  obedience  to  their  instincts.      In  so  lar,  therefore,  us  this  directing  in- 
Hiience  is  not  exerciBe<l,  the  BHCccasion  of  trains  of  thought  which  occupy 
lie  consciouiines.s  (ussociated,  or  not,  with  teelings  that  give  thoin  an 
otive  character)  must  be  considered  as  dejtendent  on  the  '  reflux  action' 
'  the  Cerelirum ;  the  nature  of  this  action  being  determined,  not  mei'ely 
by  the  original   constitution  of  the  organ,  but  by  the  mode  in  which  it 
laa  been  suh3ef|uently  exercised;  its  nutrition  taking  place  in  such  con- 
formity to  the  imjiressiona  made  upon  it,  and  to  the  modes  in  which  it  is 
haliitually  directed  by  the  Will,  that  it  yrcnos-Co  these,  so  tliat  a  new 
organization  thus  comes  to  be  established,  by  which  /ut&i/.s  uf  l/i'tU'j/U 
are  determined,  such  as  would  not  have  arisen  from  its  original  eoustitu- 
tion.*     The   variety  of  jjhases  whicli   these   diffeivnt  states   present,  is 
eliielly  deiM?ndent  iijion  the  tbllowing  elements; — (1)  the  relative  degree 
^^in  which  the  Mind  is  in  a  state  of  receptivity  for  external  impressions, 
^^Br  ia  attending  only  to  what  pisacs  within  itself;  (2)  the  degree  in  which 

Uiat  ihe  will  nwoTer  the  use  nf  them,  it  iJie  onlj  tftkc  the  apprnpruitc  menns.  The  ei- 
peclflljnn  uf  reeriverj-  i;xciti»ii  in  olher  wija,  pf*iuoe*  the  saniii  elTuct ;  w.d  tliuti  it  hna  been, 
thAt  laaay  pBeu<ii'-iEiirad«a  havB  \feea  KTuuf^hl  tm  thin  i^lmui  uf  putieaU  by  Roligiiroa 
enlhuaiibitu,  uiil  tbit  loaaj  wuDcIerfnl  cares  huve  \nxa  i]ne<ited  i>j  tihe  Kuppuatid  iuHaeai^e  of 
Hennsriuu.  All  that  iawuiteil,  iBtbM  rale  i>(  confident  anjiciimtiiyp,  vbicb  la  etiuiuiotilf 
dcugiuteil  u  Piuth.     (See  J  83T,) 

*  See  Dr.   lAjrock'n  Bauf  'On  thf  Kcflon   Punirtion  of  the  Bmin.'  in  thu   "Brit. 

tuiil  Por.  Mtsl.  Herieir,''  rol.  lii.  p.  2H8. — The  Autiiut  woulil  beg  to  rofer-baci!  to  the 

mtecedent  poitiooB  of  thia  inqnirj,  snil  ewpotinJly  to  gj  flS7,  6(iB,  h  shoaing  to  what 

extent  he  reguili  tliH  orj/anaalioit  of  the  Ctnbnua  w  detenainuig  jta  mude  uf  jujifAimI 

I        aairiti/. 
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the  coliereoce  of  tbo  Bucoessive  states  is  miuntiuiied  by  the  ooutmoanoe 

anJ  right  ojieration  of  the  preformed  asuot-iatioiis.  so  that  tr&ina  of 
thought  are  oi>iisiBti.'UiIy  cftrriwi-oiit.  and  reasoiiiiig  procesaea  correctly 
pcrforiued ;  and  (3)  the  degree  ia  whiuli  the  normitl  opemtioii  of  the 
iDteltectual  fiLculties  is  distiirbi:d  hj  emotional  cxciteineiit,  either  geucrttl, 
or  liiaited  to  one  class  of  feelings.  The  influence  of  the  Jirst  of  these 
eh'nienU  is  ivmarkahly  swn  in  the  eonti-aat  botwetin  natural  and  artiliciol 
Ri;vi?rie  (§§  07 1,  072);  also  Ijotween  some  forms  of  nntural  and  artificiid 
Somnaiiihuliaiu  (5  65*3-01)5);  and  not  leas  between  different  fornia  of  In- 
sanity, since  ill  thiis  laafc  condition  we  find  some  iiatiuntc  eouataotly  brood- 
ing over  pfirtieular  triuns  nf  thought,  and  almost  incaiiahle  of  being  turned 
from  the  coutumjilation  of  tiieae  by  esti'nial  suggeatioua.  whilst  others 
are  no  less  rciiiurkiihlc  for  the  instability  of  their  mental  stutes,  and  fur 
the  readiiu;sa  with  which  n  new  diivction  imiy  he  given  to  the  thoughts  by 
sensory  impressions.  The  influence  of  the  arcoii/i  element  is  strikingly 
manifested  in  the  difference  between  the  various  plinses  of  the  state  of 
Dreaming,  and  in  the  conti-aat  between  the  incoherence  of  the  commoner 
fomiB  of  tliLi  (§  61)  I ),  and  that  eonaistoncy  in  the  trains  of  thought  which 
genernUy  characterizes  the  Htate  of  SomnainbuHsdi ;  but  it  is  yet  more 
remai-kahly  displayed  in  those  forms  of  Deliriiini  and  Insanity  (§  TOG), 
which  are  eMj>eciiilly  characterizerl  by  the  complete  roii/uiriim  of  the  Intel- 
leetiml  [uiwein,  all  previous  statcH  of  oonsciousness  being  (as  it  wen-) 
J umhled- together,  and  the  order  of  their  recurrence  and  the  miture  of  the 
new  combhiations  wliich  may  arise  ont  of  them,  being  irreducible  to  any 
principle  of  orderly  sequence.  The  influence  of  the  liiirrl  element  is  well 
seen  in  those  forms  of  artUiciid  Reverie  aad  Soumambidism,  iu  vliich 
the  J'ediiigs  as  well  as  the  ideas  admit  of  being  p!uyed-upou  by  cxtmul 
influences;  for  it  is  easy  to  bring  the  mind  of  the  '  sid.ject'  under  the 
domination  of  any  |iarticulur  emotion,  by  taking  the  appropriate  means 
to  excite  it  ;*  and,  so  long  as  this  may  continue,  the  language  and  actions 
most  obviously  display  its  impress.  But  it  is  in  Insanity  (Sect.  S)  tliat 
we  best  see  the  influence  of  Kmotiona!  states  upon  the  course  of  thought 
and  of  action;  for  here  we  find  theiu  supplying  impulses  to  Inxlily action, 
which  the  weakened  Will  cannot  resist,  although  the  intellect  distincUy 
apprehends  llio  evil  couseijueuces  of  such  notions;  or,  on  the  otlier 
hand,  we  fiud  them  directing  the  whole  course  of  mental  activity, 
giving  a  wrong  colour  to  all  the  i<leas  which  are  related  to  tliem, 
and  so  attracting  the  iitteutiou  to  the  trains  of  thought  founded  npun 
theiie,  that  they  come  to  ntt/iin  a  complete  ilouiiuatifin  over  the  mind, 
and  hence  over  the  conduct,  to  which  they  supply  riwtive*  of  such  potency 
that  the  Will  c-in  neither  resist  them,  nor  withdraw  the  mind  from 
attending  to  them. 

676.  Thus,  then,  we  see  that  in  all  those  states  in  which  the  diT«ct±iig 
power  of  the  Will  over  the  current  of  ihonght  is  Buapendeil,  the  course  of 
acCimi  is  determined  bj-  some  diiuiiiinnt  itl^a,  which  for  the  time  has  full 
{losaeasion  of  the  niiiul,  luul  from  wliich  the  iudividujil  has  no  power  of 

■  TIiiiH  ID  tliD  '  bioluglieil'  utile  {g  ST2),  it  is  often  Bnffideut  to  uk  ths  'ntl^frt'— 
"WliyurB  j™  »i  niigrj"."  "Why  nro  ypu  *i  Mil,"  ii'.,^lo  inJiii^e  theae  ivii.tiliiiM 
raqxMtitcly,  tlic  lU^'gcxtiKos  ln'iDg  here  ruDwyed  verlally ;  irliilal  !a  th«  '  bjptiotid'  lUt* 
hemftvr  to  Ik'  ilcsri'ibcil,  thrrt  in  a  Tory  curiuiu  fiUaopptibili^  to  the  iaflucotoe  of  imtfiUf 
usMdMigni  uu  cmolioitat  lUtvs  (S  6IHi. 
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bitbitniwiiig  bis  oonBciooBDess ;  the  nwtiee  power  of  this  idea  being  such 
k  cillirr  iiii|>il«  to  iietiuii  by  a  fi-oling  of  iutema]  uoeiSBity  (;ui.iJogi>UB  to 
■ut  wbii'b  [ii\iiii[>t^  tho  rulJex  imtii.-ns  of  the  Crftmo-.S]]LUiil  oxia),  or 
pilicits  it  by  tbu  lUiticiptttion  of  [ilciisure  in  its  result  or  of  pAin  ia  iibsti- 
b^ou  (ruin  it.  Oa  tljo  other  Ii.tnd,  tlio  man  in  full  [lostiessioii  of  Lis 
|^Blioi»l  fiurulty.  wliilat  equally  aiufnabln  with  thoi^e  in  the  furegoing 
^B*  lo  the  iiiSu<;Dce  uf  the  mutire  power  of  iil>.^us,  lUdWra  from  them  oJI 
■r  tUyt  innjil  iiul.n)rtant  particuiur, — tbut  he  hiia  tliu  jiowur  of  retiiiining 
mm  »ctioii  uQiler  the  iiuineJiate  [ii'esaiire  of  motiws,  iiud  of  so  fur 
muJifying  Iknr  rtjiuirc  j'urce  by  the  nioile  in  wLich  ho  contemplates 
HietD,  lliul  Lticir  originiij  balikni.«  may  be  coinpletuly  ultered;  and  beace 
Bu  nltiiiukte  dr^-riuiuiiliou,  whilst  still  governed  liy  the  jrreilumiita/u}e  nf 
nufitx^  may  be  eutii'ely  dilTortut  from  that  on  whiub  he  would  huvo 
Mcil,  if  liL-  luul  given  way  to  his  £rat  imjiulse.  For  just  aa  we  may 
lln<ci  our  Inti-tlectuiit  operations  by  an  exurciae  of  Vulitiuu,  so  i\»  to  Hx 
kon  Nrt^n  u/i'm  r'nly,  out  uf  the  many  which  preseiit  thciuitelves  to 
HB0uiiwHousnes8,  and  to  limit  oiii'  attention  to  certain  jieculiar  asjiecta 
^^Bnw  ($  G40),  ao  may  we  £k  oar  attention  upon  auy  one  or  mora 
Enrng  the  uniitvts  which  tend  to  determine  our  aetion,  and  keep  these 
IW  it  were)  in  a  strong  b{,'ht  before  the  mind'u  eyo,  whilst  by  withdrawing 
pur  eitCention  from  othera,  we  virtually  throw  thum  into  thu  baek-gi'ound, 
b  we  enn  do  with  rugard  to  objects  of  Sensation  (§  593).  And  further,  by 
Uliug  th<;  Reaaonio^  powers  into  oponition,  njid  bringing  thorn  to  bear 
nqinit  the  questions  at  iKStie,  ao  as  to  follow-out  eiwh  of  the  modes  of  action 
was,  art  befort:  the  mind  to  ita  pi-ohable  cDHfleiiuciiccs,  thu  Will  imlireutly 
Bnings  ft  set  of  new  motives,  artsiug  out  of  tlicse  ounaequeiices,  before  the 
Bndgmeut ;  and  these,  at  fir^t  overlooked,  may  become  important  elementa 
nn  the  cledsion.  On  the  other  hand,  it  nmy  be  that  in  thtiij  i-easoning- 
bnit  the  probable  conse([uences  of  an  action,  motives  wliich  at  first  ]>re- 
pntol  themselves  In  great  strength,  Inae  more  or  less  of  their  force,  and 
kvBii  become  altogether  futile. — It  is  in  these  modes  that 'second  thoughts' 
IgWiemlly  prove  to  he  the  best,  save  whoro  selfish  eousi derations  are 
[liri)ught  to  take  the  place  of  primary  generous  Impulses ;  whilst  a  haaty 
I Jetemii nation  often  leads  to  wrong  action,  because  all  the  motives  that 
I  Aould  lie  taken  into  aceoiiiit  have  not  been  duly  weighed,* 
I  fi70.  Now  if  we  examine  into  the  different  kinds  of  McAivs  Powerg, 
I  trtiieb,  nnder  the  pennissiou  or  the  intentional  dii*c*tiou  of  the  Will,  are 
Ithe  sources  of  Human  action,  we  shall  find  that  they  may  be  ranged 
I  tuidor  the  following  hwids;  —  (1)  Previmishj-aciiiiired  il<ihita,  wlilcb 
I  MtonialioJiUy  incite  us  to  do  as  we  hiivo  been  before  accustomed  to 
I  4n  iiiiUer  the  like  clrcum stances,  without  the  idai  of  prospective  pleasure 
1  <*  [laiu,  or  of  right  or  wrong,  being  at  all  present  to  our  minds.     The 

I  *  h  tu  b«D  liilrl  hj  sntDS,  tbut  when  a  miui  is  strQ^gUag  with  a  templatioa,  uiiil  tLs 

I  MUirq  lo  goiiil  ami  ihc  motivea  tii  eril  &re  nearly  in  «(iuilibriutii,  Iiki>  wights  in  the  two 

I  atlri  'il  ihr  balAut:e,  tliu  WilT  acU  ofl  aa  LndcpeDdenb  preponclflnktiu^  power,  Uki;  a  hiui4 

I  putiaR-Juiiu   the  sale-heain  nn  >jue  aide.      It  n|ppoflra  to  the  Authiit,  hdwuVBr,  lo  lia 

I  Borti  inun;  oitifirnmlile  lii  the  r«rall«  of  a  ouvful  nauiiwitiou  uf  iiut  awn  ivmdnct,  to 

I  iHink  till  Will  &*  tiu]):^iug  nn  Angfaenteil  giAv-ity  ^aJi  it  ^oru)  to  tbuwf-i^htri  itii  une  i^iile, 

I  1?  lijrKliikj.'  AUentiiru  to  th^ir  ralne,  and  bj  indirootiy  mivkiiig  odditiijiiH  to  th«m,  in  tho 

I  atiiin  flale'i  aUiTe;  whilst  it  diiuiuiehfa  the  force  of  thoeo  on  ths  other  aiiii^,  Ijyprt'veut. 

I  >U  Itw  mind  fjoin  pviu|j  its  attonliou  tu  tlieni,  and  ako  (it  may  Ui)  h;  virtiUiUy  ulaUscting 

I  *vt  if  thiiiii  ftvia  tha  scale. 
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formatiou  of  Habits,  both  of  thought  and  action,  eeems  refemble  to  tlie 
psychical  [irinciiile  of  Uontignoiis  AsBociation  (§  S3'2)  ai)d  to  the  |jh;raio- 
logicaJ  principle  of  Nutiitive  AaainiUation  (§  346),  which,  iu  regard  to 
the  operatiouB  of  the  Cerebrum,  seem  to  be  oiily  different  expressions 
of  tho  jiiime  fiict;  niiiiitly,  that  whatever  modo  of  activity  hoa  been  once 
Btrongly  impressed  on  the  organ,  thu<  h&s  a.  tendency  to  periietutttt] 
itself.  In  HO  far  as  the  Will  yields  to  this  tendency,  instead  of  control- 
ling it,  the  iiidividiiiU  heconies  the  slavu  of  rwiihte;  and  tliia  condition 
ia  often  very  remarkably  presented  by  persona  who  are  dcticient  in 
Volitional  [wwer  (as  it  is  abo  among  the  lower  aniniala),  Ironi  wboe« 
aotiouM  we  may  derive  our  best  illustratiouB  of  what  Habit  will  do,  when 
it  ia  not  nnder  the  direction  of  any  higher  principle.*  The  teudiaicy  to 
lialiitual  action  ia  so  miiverBally  i-ecoguized  bh  an  important  part  of  our 
[)sycliiciil  nature,  that  Man  has  been  aaid  to  be  '  a  bundle  of  habitu.' 
Where  the  habits  have  been  judiciously  formed  in  the  first  instance,  the 
tendency  is  an  extremely  useful  one,  prompting  ua  to  do  that  sjxiu- 
taneoualy,  which  might  otherwise  require  a  powerful  eflbrt  of  the  Will:t 

*  It  JB  not  unoommou  to  meet  with  Icliota,  in  whom  the  temtency  to  the  natuiuALic 
rcfurrcneeof  mmlea  of  ruition  once  imprcaaeil  on  the  lonseioiuiuss,  is  eitrenislj  reui«rt»i'l*. 
ThL-fiiUuwing  h  stiitei]  hy  Miss  Murtinsflo,  in  regimi  to  iiyi>iith  urnitr  hei  ovu  olairYiiliiin, 
who,  lu  i.*iinac!^n<3ii™  of  early  iojory  to  thv  l>rbLD,  UUYQr  ai'qiiin^il  th<!  fiuwiT  of  fti'«>}''I»,  i>r  (if 
imilur^ Landing  Lhu  liui^urtjfi:  irf  othere,  or  of  iu  any  vaj  recugniEiug  ntLtr  miuiU :  but  wu 
al  tbe  BUiic  tiuiB  BtniDgly  ufforted  bj  unwjrjr  imjiriuHioDs,  "  Qe  i»>ulij  eudurr  Dothing 
uiit  of  its  piwilioD  iu  lipuv  VT  iu  onler  in  time.  J/  any  nor  rhin;/  vnu  ifonc  to  him  as 
nny  minu/r  of  fJir  diitf,  the  tame  thivij  niu^  bt  done  at  ihf  mtne  minvlr  rrerjf  day Uintr- 
foricard,"  Tlina,  althiiugh  he  disliii^d  |*rBoniil  intorfercuoc,  his  hair  ami  naili  baruie 
bwii  line  dny  rnt  nt  («n  luiuulca  pii^l  eUvcn,  the  ne>t  day,  and  etery  i!ny  afttir,  at  leu 
ininiitvj^  jpiLdi  cli^vGo,  he  "  ae  if  hy  a  fate,"  l>i'»ught  comb,  BCUBon,  ftnd  luHtt ;  aul  it  wva 
necenuary  l^k  cot  a  Buip  of  hair  l)ef4tre  he  woald  release  himaelf-  Tet  Jie  hail  do  tu'iwltnIgB 
whalcTer  iif  thu  meiuurvmeiit  of  time  hy  bYk^s  and  wntdiea,  and  was  no  len  mioDIeJy 
|juui<liukl  Iu  his  uhservanrns  whoa  placed  Iwyond  tlie  reufh  of  tbtue  uJa.  So  in  ivgui  to 
Tmhu,  uambor.  aad  <tunutjty,  his  Bi'tiout  wen'  i.<((uaUy  taathuilii.'aL  Ub  woupinl  bimoU 
[nticli  ill  making  pnjvr-cutlinga,  which  wero  romarkabie  for  their  symmetry.  If,  »beb  b« 
wn^  out  of  the  rouui.  n  hriek  vure  taken  from  tlie  heap  with  whicli  he  Ajnuaeil  Itimself.  he 
wfiiiUI  |>fL3ii  liin  liniid  over  them,  spreibl  tlicm  a  littli:,  and  then  Inment  ninl  wander  ainul 
till  the  miujug  ime  «iu  reshireiL  If  xeveu  i»mtit«  lin<l  onou  ln.'Cii  pat  inlu  Lni  hnu'l,  he 
woakl  not  rest  with  aix  ;  aoci  if  nine  were  given,  he  would  not  t'luoh  any  until  he  had 
retnrneii  two.  ( ■'  Letl«ra  on  tlie  Laws  of  Man's  Nature  aud  Developnjent,"  p.  71.  See 
also  "  H'luwihiild  W;ird«,"  vol.  a.  p.  lB8.(^It  would  Iw  easy  to  a-idnoe  multitude!  uf 
Baato^>u»  insl^mceFi  fj-om  the  octieiui  of  animsJa,  enpcciully  ^uch  ad  are  pnrp«o]y  iruMmrd- 
tti  [Mirtioular  habila,  by  taking  ailvanta^  of  the  jiriaciple  uf  ^eonti^oiu  muinatiuVt' 
which  spciuB  111  (pK  ]iccHiiarly  atrung  in  iluga,  Horaea,  te.  Andlhc  reonrrence  of  |iai1kBllt 
iwtiiini  al  pnrticulnr  iuU^rvnln  of  time,  without  any  mHuis  uf  Li;nseiously  eatimatiiif  its 
passa^,  vF  any  iu^^ideiiU  that  c.an  sng^^t  thv  n.'tum  of  the  periorl.  Id  a  very  ctuioiu  indi' 
cation  of  the  du^ree  in  which  or^itio  ehnnges  in  the  Nervous  Sysl^io,  oDoe  dclcjntiiud  by 
a  ct!rtfuu  uuuiberof  repetitiou.s,  lend  to  peTj-etuatHj  themMdvea,  ThuB  a  Jo^  that  basb«qt 
iw/'ii«t^ituwl  t"  rocui»e  ^kkI  ut  u  curUiu  huut  aud  phico  every  day,  will  conie  iu  *auTli  uf  tt 
with  citni'ir'linnry  f>uui:ttitility ;  mid  the  h<irse  uf  a  commercial  traveller,  after  ^lins  iht 
same  jonmey  n  ft^w  timed,  will  stitp  nt  llic  houA'!«  of  ull  hia  niosler's  Cutomen;  ami  vbca 
he  has  bccQ  pnlle^l-up  al  a  new  |>oint  on  one  jouruej,  will  npontAneonftly  lU^p  4t  tbe  nou 
jHiiiit  on  the  neil, — a  fact  of  which  tlie  Aotlmr  has  personal  fcnawl«lge. 

+  This  ia  enpoci.illy  the  case  with  ivgurd  t>>  huhilii  of  lutcUurloal  exErtlnn,  vhieh  ar*  in 
themnelvos  ji^^ulirLrly  frue  from  any  emulional  compticatiiin.  The  Author  can  snotk  6w 
long  and  varied  ci:j>ericnce,  uf  the  liuuiexme  saving  of  election  which  oiisea  (nim  iIm 
fbrmatiuu  of  ineihiAical  h"hiu  of  mental  lal-iur ;  which  cause  the  urdinoij  nintiDs  hi  ht 
ptfrform^  with  a  lar  It'iM  amount  of  fati^ne,  than  WL»uhi  Iv  rL>fi]irvd  on  a  morv  ilmtior^ 
system  ^  1147).  Even  here,  however,  core  should  he  taken  tir  avoid  allowing  uixVaiir Id 
he  so  mneh  the  sluvu  of  hahils,  that  all  luciitiil  lulioiir,  save  that  wbich  in  ondcrtalun  M  a 
piwljuiihu  tiiiiD,  ur  in  a  porlioubu'  phicu,  bucomuii  dilSiiutt  and  wnarisume. 
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int.  on  the  other  hdud,  if  a  bad  set  of  habits  have  grown-up  witli  the 
growtli  of  the  individual,  or  if  a  single  bad  tendency  bo  iiUowud  to 
become  an  habitual  sjiring  of  action,  a  far  stronger  effort  of  Volition 
will  be  required  to  determine  the  conduct  in  opjiositi<m  to  them.  This 
is  eaiiecially  the  case,  when  the  hubitual  idea  jiosaesses  an  Emotional 
character,  and  becomea  the  source  of  deaires;  for  the  more  frequently 
these  are  yielded-to,  the  more  powerful  id  the  solicitation  they  exert. — 
(2).  Enuitiaiial  Utatea,  which  incite  ua  to  piirticolar  actions,  by  the  ex- 
jvectation  of  gratification  either  in  the  act  itself  or  in  some  consequence 
which  our  reason  leuiia  ua  to  anticii>ate  from  it,  or  by  the  exjieotatioii  of 
in  if  the  act  be  not  [lerformecL  All  those  demrfs  and  aversions  which 
ao  large  a  shai'e  in  determining  our  conduct,  come  under  this 
jory;  and  to  it  must  likewise  l>e  referred  all  thoae  oousiderationa 
which  aro  simply  jn-iiileiUiiU,  these  u.'tually  liaring  reference  to  the 
ri'molir  effects  which  our  actions  are  likely  to  hiive  upon  our  own 
wellai'e  or  upon  that  of  others,  and  thus  bringing  befoi-e  the  mind,  as 
elements  in  its  determination,  certain  additinmil  objects  of  desire  or 
aversion. — ^(3).  Noliwia  of  RiglU  and  of  Duty,  which,  bo  far  as  they 
Bttneli  thenjselvea  to  our  actions,  give  them  a  moral  and  rdiyiaas 
chui-a<;ter.  These  may  act  simply  ns  ideas,  wlioae  coercive  power  depends 
ujJOQ  the  intensity  with  which  they  are  brought  before  the  mind; 
but  they  obtain  a  much  stronger  influence,  when  they  BC(]uire  an 
Emotional  character  from  the  asaociation  of  the  feeling  of  dr.mre  with 
the  idea  of  obliijaiion;  that  ia,  when  we  feel  a  loish  to  do  that  which 
we  ai'e  conscious  we  oiiiild  to  do.  This  association  is  one,  which  it 
ia  peculiarly  within  the  cajiability  of  the  Will  to  cherish  and  atrenglhen. 
And  still  more  powerful  ia  the  operation  of  these  combined  motives,  whea 
a  constant  hiAlt  of  acting  n\niii  them  has  been  formed;  for  the  strongest 
desires  are  then  immediately  repressed,  the  strongest  avereions  ceoae  to 
exert  an  influence,  when  once  the  question  is  looked-at  in  its  Moral  aspect, 
and  a  clear  perception  has  Ijoen  attained  of  its  right  and  its  wrong  side.* 

*  Tho  ilifferflDCC  lietweeu  Qui  habitual,  the  prudential,  and  the  moral  aeiic^ta  nf  the 
very  tanas  actiiia,  muj  Iw  nuule  BppareBt  by  a  vtrj  Bimiilu  iUufltrntioii. — Wi-  will  aa[ii«j«T 
that  ■  man  hoa  b«oa  lUi^usUnned  to  Ulu  »  riile  ever;  <1ny  iit  n  |>nrtkiilar  huar ;  hia  H'hi)[e 
BUnre  w  lUVuniriiiHJnicA  ilttlfto  theAufri',  that  bu  feoh  both  mcutHlJ]' and  pbyaiisll}'  nnconi' 
forUbleftt  tuiy  ia\MTm\>l'wa  to  Lbe  ufiuil  rbjtbui.  But  sapposv  ihiil,  jiiat  ii«  tba  nppointed 
hitoT  EOtam  ruouil,  thf:  alcj  becumee  uverouit,  tlireateuiu^  the  ridet  witb  g.  Jrtuf  Liu^  If  he 
pprBurerwi  in  bia  iul«utioii ;  bla  deoiiiou  will  tlien  lii  fimiultwl  un  u  iirvilcnfiiii  con(iLderiili»u 
of  th(^  rclotirti  prub&liilltkiiof  bUfMCnpingor'jf  luiibt<i<ig  I'ipuwd  tu  tbesbont^r,  nod  <A  bi>w 
f&r  thv  eikjojniGDt  he  mny  derive  from  bis  riJo  id  likoiy  t-r  btf  n.'j>In<^pd  b;  the  dtiiiMiiifort 
of  a  tlii'UMUjgb  wetting.  Bat  9U]ipi>He,  furtlier,  that  in^t^nd  -ji  Inking  a  mere  pltmnirc-Tidti, 
>  M>»lii»l  man  it  tbont  l<i  Kt-rurtb  uii  a  pmrauuonol  Tisit  tu  a  patient  whuHc  LNindition 
mjuiiea  Ilia  aid  ;  a  dhw  motive  is  thou  intnxlaiml,  which  altera  llie  roodiliun  of  the  whole 
que^dun,  making  it  no  longer  one  of  pmdeuee  onlj,  but  oal?  i}f  mi/ratity.  Another  motive 
which  bIioqM  ^ve  the  qnemiofj  u  tnoriU  napect,  would  lie  conaiilenition  for  himself,  ami  the 
luk  of  life  iir  health  he  migbt  run  ;  thia  nhould  1«  deriaive.  where  the  mutivv  whuih  impels 
Ufa  U>  the  act  in  itueation  ia  morely  that  of  floif'|i;ratiJi(7alioi] ;  but  if  it  briue  int'>  linUi^o- 
usm  hia  duty  lo  hla  patieat  aud  bi.-i  di^iie  to  benelit  him.  and  on  the  other  hand  hia  duty 
t..  hiiuaelf  aad  hie  regani  tor  the  nlteror  welfwi:  of  ihow  who  mnj  be  iromeiliately  de[iendeul 
Dfa  him,  the  qaestion  hue  itM  right  anil  iU  HTong  aspect  on  both  siden  (g  <I1T),  anil  the 
ti^ht  may  only  be  del^rmined  aflera  carefnl  l>alance  of  probaljilitiea.  Such  nmral  etruflidil 
are  i.*mtiiinally  ofcnniu^  amougat  Me<li<-Al  PTaiJtitionera,  in  regard  to  eijmaurc  tfi  the 
severity  iif  the  Heather,  t-idnnb-erous  infdtiiru,  or  i-'  risks  of  other  kimla;  and  the  dei;l»ion 
will  m/iinly  depend  upipu  tlie  iircviuusly-furraed  haliil,  ou  the  one  lian.l  of  diarttfarding  all 
cuiuidentiona  mnoecUd  with  aelf,  on  Uic  other  of  attaching  especial  weight  Iv  them. 
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677.  From  the  time  wlieo.  the  Humaii  tretng  firat  becomea  oonacious 
tliat  Le  lias  a.  Volitional  jiower  within  himw;ll'  ol"  ilctenaiulaff  Uie  ««<:- 
cession  ot"  hia  nieuUil  statL-s,  fi-oru  that  time  does  he  liegiu  to  be 
resjjoiiBible  for  it;  ttiid  in  proyiortiou  as  lie  cxurta  that  [towtr,  do«a 
ho  emauoiptLte  biinself  from  the  ilomiuation  of  iiis  cou^titutiunAl  or 
automatic  tcudencies,  ami  make  himnelf  nfree  a,ijmU.  It  ia  a  principle 
uow  recogiiia.ll  hy  nil  the  most  enlighteue*!  Educators,  that  the  deve- 
lopment of  thin  jiowt'r  of  self-control  ought  to  be  the  object  of  all 
uureery  disdpline ;  uud  the  jiroceart  of  its  scijuirement  is  very  graduaL 
When  au  iuiiiut  is  oxcitetl  to  a  fit  of  jiassiou  by  Bonie  unpleasant 
semoitiou,  its  niirse  attempts  to  i-estore  its  ei|ii)tuiiiiity  by  preaeuting 
somi.-  new  object  to  its  atteutiou,  bo  tliat  the  more  recent  aiid  vivid 
ploaaurable  imjii'cssiou  may  eflHce  the  aenao  of  jiai^t  uneosiuesa.  As  tlie 
infant  grown  into  childhood,  the  judicious  parent  no  longer  tnwts  to 
mere  sensory  impressions  for  tlie  diversion  of  the  passionate  excitement, 
but  calls-up  in  its  mind  such  idean  and  feelings  as  it  is  cajuihle  of  ap])re- 
ciating,  and  endeavours  to  keep  the  attention  Gxed  upon  these,  until 
the  violence  of  the  emotion  hoa  subsided;  and  recourKo  is  had  to  the 
same  process,  whenever  it  is  desired  to  check  any  tendency  to  action 
which  dejMinda  upon  the  selfish  propeusitius, — iippoal  bi'itig  always  m&de 
to  the  liighest  motives  which  the  child  is  cagnilile  of  reco^iziug,  and 
puuiahment  being  only  had  recourse-l*),  for  the  purpoao  of  supplying  on 
additional  set  of  motives  when  alt  others  fail.  For  a  time,  this  proocoi 
of  external  suggestion  may  need  to  bo  continually  repeateil,  when?  tliera 
are  strong  impulses  whoso  unworthy  character  calls  for  repression;  but 
if  it  be  judieiously  adapted  and  conMistently  |)ei-8evered-in,  a  very  slight 
Kuggestion  serves  to  reeidl  the  superior  motives  to  the  conflict.  And 
in  further  apace,  the  child  comes  to  feel  that  he  hiw  hinutel/  Uia  jiowar 
of  i-eoilling  them,  and  of  controlling  liis  urgent  impulses  to  immediate 
action.  TUo  |iowor  of  sclf-coutrol,  thus  usually  w^jiiircd  in  the  firrt 
instance  in  regai-il  to  those  impulses  whieh  diri%tly  detennin»  the 
conduct,  griutuidly  extends  itself  to  the  habitual  succesaion  of  the 
thoughts;  and  in  proportion  as  this  ia  brought  under  the  direction  of 
the  Will,  does  the  iudividmj  become  cajable  of  forming  his  own 
character,  and  of  guiding  hia  actions  according  to  the  indicatiuus  of  hb 
Moral  Sense, 

GTa.  It  must  not  be  forgotten,  however,  that  tlie  power  of  self-control 
may  be  turned  to  a  had  as  well  as  to  a  good  a«oount;  and  thiit  the 
value  of  its  rasidts  will  entirely  depend  upon  the  direction  in  which  it 
ia  employed.  The  thoiighla  may  be  so  dclerniinaUily  drawn-away  fiwrn 
the  higher  class  of  motivi's,  the  auggiaJtioua  of  conacicnoc  so  habitually 
diBregiirded,  and  the  whole  attention  so  completely  fixed  upon  tho  grati- 
fication of  selfish  or  miJcvolont  projiousities,  that  the  Human  UHtuni 
acquires  far  more  of  the  Satanic  than  of  the  Divine  choi-acter;  tlie 
highest  development  of  this  tyjie  {if  the  term  may  be  permitted)  btaiig 
displayed  by  those,  who  use  their  ]iower  of  self-control  for  the  purpoMV 
of  hypocrisy  and  dis'^illlulation,  and  cover  the  most  malignant  di'sicDS 
under  the  veil  of  friendship.  Such  men  (whose  portraiture  is  pnvented 
by  our  gitat  Drunmtiat  in  the  character  of  lago)  show  us  to  what  evil 
account  the  highest  Intellect  and  the  moat  powerful  Will  maybe  tuniwl, 
when  diiiictod  by  tlie  baser  t'luss  of  uiotivos;  and  we  cannot  but  feel  that 
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they  are  far  moro  degnulivl  in  the  moral  waile,  tbfiu  tlioiw  who,  having 
never  IcAmeJ  to  control  their  animal  propensities,  uiid  btin^  uncouscious 
of  tbe  viiiy  existence  of  it  higher  nature  witliia  thcuiaelvea,  simply  obey 
the  [ironiptiiiga  of  their  nutouifltic  impiilsta,  and  are  i-atber  to  be  con- 
sidered aa  ill-conditioned  autuinatu,  than  as  vicioua  men. — Of  tbb  latter 
class,  some,  from  iirigiiial  constitution  and  early  influences  of  the  most 
degrading  kind,  Bceiu  altogether  destitute  of  anything  but  a  linital 
nature  ;  these  ought  to  be  titjiteil  as  irrespoiiaihle  beinjja,  and.  as  buuIi, 
restrained  by  extenial  coercion  Crom  doing  injury  to  stwiety.  But  thia 
ulafw  is  small  in  proportion  to  that  of  individualB  who  aci  viciously, 
sijnply  because  tliey  have  nuver  Iteen  led  to  kiiom  that  iiiiy  other  course 
b  ojtea  to  them,  or  to  /eel  any  luutivea  tluit  nii^'ht  give  theiu  a  different 
impiilse.  With  these,  the  oljett  should  rather  be  to  awaken  the  higher 
[larts  of  the  moral  nature,  "  to  find  out  the  holy  Kpot  in  every  child's 
beart,"  and  to  develope  habits  of  self-control  in  the  manner  just  descrilH'd, 
than  to  subjugate  by  external  reBtraint;  and  the  success  which  liaa 
attended  this  method,  in  the  Lanils  of  those  who  have  judiciously  applied 
it,  is  suUieieiit  evidence  of  its  sufienority;  niany  of  the  most  ap]tareiitly- 
deba^ed  natures  having  been  thus  oti.'vatcd  to  a  grade,  which  it  seemed 
at  fi[^  impossible  they  could  ever  attain. 

ti7ii.  From  the  yu.tjiiiic,  or  positively- and  wilfully-evil  typo  of  Human 
nature,  in  which  the  bigheirt  powers  are  turned  to  the  worst  aecoimt,  wo 
are  thus  condnctecl  through  the  bnttal  or  negiitively-evi)  type,  towanlM 
that  higher  (wpect  of  liumanity,  which  is  presented  by  those  who 
habitually  keep  before  them  the  Dtoiiw  ideal,  and  who  steadily  endeavour 
to  bring  their  «t/We  luitiire.  uito  conformity  with  it.  This  in  luil  to  be 
effected  by  dwelling  exciruively  on  any  one  set  of  the  motives  already 
refeiTed-to  (J  618),  aft  those  which  the  truly  religious  man  keejra  before 
his  mind.  Even  the  idea  of  Duty,  operaihig  (done,  tends  to  reduce  the 
individual  to  the  subsifi'vicnce  of  a  slave,  rather  than  to  induce  in  him 
that  true  maatory  over  himself,  which  consists  in  such  a  regulation 
of  his  emotions  and  propensities,  that  his  cout^e  of  duty  becomes  the 
Bjiontjineous  expression  of  his  own  higher  nature;  but  it  is  a  most 
powerful  aid  'in  the  acquirement  of  that  regulation,  by  the  fixation  of 
the  thoughts  and  affections  on  "things  on  high,"  which  is  tlie  beat 
means  of  detaching  them  from  all  that  is  earthly  and  debaMug.  It  ia 
by  the  aanm'dalum,  rather  than  by  the  aubjiitjation,  of  the  Human  Will 
to  the  Divine,  that  Man  is  really  lifted  towards  God;  and  in  profiortion 
as  this  assimilation  has  been  effected,  does  it  manliest  itself  in  the  life 
and  conduct;  so  that  even  the  lowliest  actions  become  holy  niinistra- 
tions  in  a  teni|)lc  con.'iecrated  by  the  felt  presence  of  the  Divinity. 
Such  WAA  the  life  of  the  Saviour;  towards  that  standard  it  is  for  the 
Christian  disciple  to  aspire.* 

•  Tbe  CBraful  iituJy  of  Uib  Epistlts  of  St.  Fniil  will  nhuw  thia  lo  lie  tlie  dmniaani  ulea 
of  this  Apnulle's  taicbhigB.  I'uJer  liie  ubiul-  of  "  tbe  Lmt,"  hu  ountiniiitily  rufura  tii  tha 
■pirit  of  lunilage  or  pHtinml  owrciou,  niiipli  •'  wa*  theBi!tliJoluiMt«r  to  l.ring  an  loCLriat;" 
whilst  undec  llie  dexigBiitian  of  "IheGosjiel"  he  obTloniily  Jeaires  li>  eipreu  that  a[iirit 
of  internuJ  frw-lam  at  self-ilirectioii,  which  a  the  Nom  of  all  that  U  trulj  nuble  in  ths 
ChrinLiiui  chiLnutvr. 
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Section  7. — Of  Sleep  and  Somnanjniiitin. 

650.  It  IB  a  peauliar  feature  in  the  physiology  of  the  Corelintl  aqi 
Sensorial  Ganglin,  that  their  nctivity  undergo&i  a  periodical  suspeuaiou, 
more  or  lesa  complete;  the  necessity  for  tliis  auspeuaioa  arising  out  of 
the  fact  tliat  the  eserciiti?  of  their  functions  is  in  iteelf  destructive  lo 
their  wiliatance,  ao  tliat,  if  tliis  lie  not  ivplaced  by  nutritive  refjene- 
ratiiiD,  thrj  speedily  l«coine  incapacitated  for  further  use.  In  ordiiiaiy 
pi-ufuiiud  Sleep,  there  is  a  state  of  complete  unconsciousneaa,  so  fai"  as 
eytcriud  phenomena  are  conoemeil;  no  urdiniiry  iniprt'saiijiis  uptin  the 
organs  of  sense  being  eitliur  felt  or  perceiveil ;  ultliougli  an  extraonli- 
uary  impres.sioii,  or  even  itu  habitual  one  upon  wliicli  tlie  attention  \iam 
been  previously  ti.\ed  as  that  at  wliich  the  slumberer  is  to  awoke  hinisdf 
(§  687),  Dccaaions  a  renewal  of  seasorial  activity.  It  is  in  this  capa- 
bility of  being  arou-iied  by  external  impressions,  that  the  cliief  diderence 
lies  between  Sleep  and  tha  abnormal  condition  of  Ck>ma,  whether  this 
arise  from  the  influence  of  pressure  or  eHiision  within  the  ci^nium. 
be  consequent  ujkju  the  poisoning  of  tiie  blood  by  naraotic  substam 
or  follow  a  previoiiH  state  of  abnoniia!  netivity  of  the  brain,  aueh 
Delirium  (§  7 15).  Between  tlieso  two  conditions,  however,  every  grada- 
tiou  may  be  a(«n;  as  in  the  gnidually-increiuiiup  toq Kir  which  residts 
from  slow  eti'usion  within  the  crauium,  the  gradual  hiss  of  susceptibility 
to  eiternnl  impreasious  which  is  observed  after  au  over-dose  of  a  uarcotii:, 
and  tlie  inten^iiicatiou  of  or<liuary  sleep  which  is  consequent  U[m>ii 
extreme  jirovious  fiitiguc.  It  is  a  matter  of  doubt,  however,  whether 
the  snapeiision  of  sensorial  consciousness  is  etpially  complete  as  reg»rd« 
inCenial  or  Cerebral  changes ;  for  some  are  of  opinion  that,  even  in  the 
must  profound  sleep,  we  still  dream,  although  we  may  not  remember 
our  dreams;  whilst  others  (and  among  these  the  Author  would  rank 
himself)  consider  that  dreaming  is  a  umrk  of  iniperfeet  sli-t'p.  and 
that,  in  profound  ordinary  sleep,  the  Cerebrum,  in  common  with  the 
Bensory  tianglia,  is  in  a  state  of  cnmjilete  functional  inactivity.  Wh<iB 
Dreaming  takes  place,  there  is  usually  a  less  complete  exclusion  ol 
sensory  impresaious,  although  the  perceptive  conseiou-sness  may  Iw  nn- 
tirely  suspended;  so  that  the  course  of  the  dream  may  lie  influenced 
by  them,  although  the  mind  is  not  conscious  of  them  as  such  (§  OSi). 
If  this  be  the  true  account  of  the  case,  we  may  cou>>ider  that,  is 
profound  Sleep,  the  fTmetionnJ  activity  of  the  Cerebrum  and  of  th» 
Sensory  Ganglia  is  alike  sus|>ended;  but  that  in  Dreaming,  the  CeTvbnUB 
is  piu-tially  active,  whilst  the  Si-nsorium  is  iu  such  a  condition  of  rMcp- 
tivity  forCe^^bral  (subjective)  iuipressiouH  that  the  mind  liLt'onxs  direvtlj 
conscioiia  of  thuni,  though  it  only  becomes  conscious  of  (objective)  im- 
pressions made  u]>on  the  Organs  of  Sen^e,  alter  their  influence  hiks  bcva 
transmitted  through  it  to  tlie  Cerebrum,  and  has  I>een,  as  it  wen^ 
reflected -bock  by  that  organ.  It  is  in  fact,  by  their  influence  upon  lh« 
current  of  idtaa,  and  not  by  their  power  of  exciting  fe>tsation»,  that 
recognize  their  operation  under  such  circumstances, 

651.  The  state  of  Sleep  is  one  to  which  there  is  beyond  doubt  a  perio- 
dical tendency ;  for,  when  the  wuking  activity  has  continued  during  * 
conraderable  proportion  of  the  twenty-four  hours,  a  sense  of  &tigue  i« 
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UHually  exporicnced,  which  indicatea  that  tlie  brain  requires  repose;  and 
it  is  only  uudi^r  some  very  stroug  physiciil  or  moral  atimuliiB.  thut  the 
mental  energy  can  be  sustained  thi'ough  the  whole  cycle.  In  fact,  uiileaa 
some  decideiUy  abnormal  condition  of  the  Cerebnun  be  induced  by  the 
proti-action  of  its  functional  activity,  Sleep  will  at  last  supervene,  from 
the  absolute  inability  of  the  organ  to  suatain  any  further  demands  upon 
its  energy,  even  in  t!ie  midst  of  opposing  iiiflnencea  ol  the  moat  powerful 
nature,*  That  the  etrongest  Volitional  detenainntion  to  remain  awnfce, 
is  forced  to  givu-way  to  Sleep,  when  this  la  required  by  the  exhaustion  of 
nervous  power,  muHt  be  within  the  experience  of  every  one ;  and  the  only 
way  in  which  the  Will  can  even  retard  ita  access,  is  by  determinately 
fixing  the  ctmHciouaness  ujnm  some  definite  object,  and  resisting  every 
tendency  in  the  thoughts  tn  wander  firom  this.  It  does  not  appear  to  be 
of  any  consequence,  whether  this  exhainttion  be  produced  by  the  active 
exercise  of  volition,  reflection,  emotion,  or  tample  senaatioii ;  still  we  find 
that  the  vulitioiuii  direction  of  the  thoughts,  in  a  coui'se  different  from 
that  in  which  they  tend  spontaneously  to  flow,  is  productive  of  i'ar  more 
exhaustion  than  the  automatic  activity  of  the  mind  (^  647) ;  whilst,  on  the 
other  hand,  the  excess  of  aiitimuUie  activity,  whether  as  regards  the  intel- 
lectual operations  or  emotional  excitement,  tends  to  prevent  sleep.  This  ia 
particularly  the  case  when  the  feelings  are  strongly  interested ;  thus  the 
strong  desire  to  work-out  a  result,  or  to  complete  the  survey  of  a  subject, 
is  often  aulficient  to  keep-up  the  intellectual  activity  as  long  as  may  be 
requisite  {o  state  of  restlessness,  however,  being  oft«n  induced,  which 
prevents  the  access  of  sleep  for  some  time  longer) ;  bo,  again,  anxiety  or 
distress  is  a  moat  frequent  cause  of  wakefidneaa ;  and  it  is  generally  to  be 
observed  that  the  state  of  aiuipenise  is  more  0]>[t08ed  to  the  access  of  sleep, 
than  the  greatest  joy  or  the  direat  cniainity  when  certainty  has  been 
attained. t  But  although  an  excess  of  automatic  activity  is  opfiosed,  so 
long  as  it  continues,  to  the  access  of  sleep,  yet  it  cannot  Vje  long  pro- 
tracted! without  occasioning  an  extreme  exhaustion  of  nervous  power, 
^iirhich  necessitates  a  long  j^nod  of  tranquillity  for  its  complete  restora- 
tion. 
^H  C32,  Whilst,  however,  the  necessity  for  Sleep  arise*  out  of  the  state  of 

^^V  *  Tbiu  it  ia  on  rocunl,  tlutt,  during  the  beat  <j{  the  battle  uT  tlio  Nilo,  aame  of  the 
oVBt-fBtigued  bujB  (a]l  aaletif)  iip*iEj  Ibi?  deds  :  ildJ  during  tbe  recent  attack  upon  KxLnguun, 
the  CaplAln  uf  uae  of  tbti  w]Lr-at<:auj<!r[(  inutit  uctivdy  engB|f4}d,  vorn-uut  hy  the  emvH  vS 
OiOliBueil  mrnlal  lensiira.  fBll  ludeei',  and  remnineJ  pia<'OTlly  uncousciynn  fyr  two  houm, 
vithiu  ft  jard  oC  one  ft  bis  Urgent  gnuit,  whii-h  vim  K-ing  wurke-1  eaergotlcnlly  dnring  the 
whultf  jwriud.  — ^  GTtn  t]m  'Hivcrt^  bodilj  pEuu  yivids  before  the  imjx^rative  dentnmi  ucra- 
■ionad  lij  the  omtannoJ  ciliausliun  uf  the  [juwuni  of  the  nenMrml  eentrea;  thus  Diiniienii 
elppt  njKiD  the  nxck.  during  the  iulcrvala  of  hi*  crnel  aufferiiiini ;  the  Nurlli  American 
Indian  at  the  stake  iif  lurinn:  vill  go  ti^  fiteep  on  the  len^it  reuiiaBion  of  agony,  and  will 
■Inmlvr  antil  the  &ia  ia  applied  to  awaken  him  ;  aad  the  Medieal  Fraatitioner  Laa  freqnunt 
illuatmlinni'  of  the  same  Gict. — That  Ihe  e<intinowl  demand  fi)r  luuMular  Brtivity  in  niit 
ineompatitile  <witii  the  acfeiMi  uf  deep,  U  ehviiiue  frmti  nliat  ha"  Iweu  already  said  of  the 
peruftence  of  iho  autiimatlc  moTcmenU  in  lliut  OLjuJition  (^  514^^,  It  ia  well  kitown  tlmt, 
preTioaalj  to  the  ihortenjng  of  the  boun  of  work,  factory  children  frtqitently  fell  aalaep 
whilal  attending  tn  their  machine*,  althongb  well  aware  that  Ihey  shuulrt  incur  oerare 
punJnhinent  hy  doing  so. 

f  Thni  it  in  acouimonobMrTatifin,  that  ertotiaala  under  tea t«Dce  iif  death  sleep  bully,  so 
long  aa  they  entertain  any  hopes  of  a  reprieve;  but  when  imce  ILey  are  luUsfie']  that  thtiir 
death  it  ineTitoble,  they  uaujtity  sleep  mure  suoudly,  oud  this  enm  ua  the  vety  lut  eight 
Ihcir  liTea. 
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the  nervous  system  itself  there  are  certain  catternaleouditions  which  favo 
its  miceaa ;  and  thwie,  in  common  parlance,  are  U'rmeJ  its  prvdisposit 
cauaea.  Among  tlie  most  iwwcrfiil  of  tbpai;,  is  tlia  aiwcncc  of  ^iiaoriid 
impresaioua ;  tliua,  daikucss  and  silt'nce  nHUully  promote  rejiose;  jind  the 
cossution  of  the  sense  of  muaoiilar  effort,  which  tukea-pbice  when 
itHSunie  a  position  tliat  is  uustaiaed  without  it,  is  no  leas  conducive 
siuniber.  There  are  cases,  however,  in  which  the  ci/iUiaiumoe  of  BO 
an^ciistomed  sound  is  necessary,  insteiul  of  positive  Micnoe,  the  cessation 
of  the  sound  being  ii  complete  preventive  of  sleep;  thus  it  liapi«iis  lliU 
j>er8ona  living  in  the  neighbourhood  of  the  noisiest  mills  or  forges,  caunct 
readily  sleep  elat'where.  Such  cases  ui'e  referable,  either  to  the  iufluenoi! 
oi  habit,  wliieh  causes  the  attention  of  the  individual  to  be  more  attnwt*?*! 
by  the  suspension  of  the  sound  than  by  its  eontiuunuee;  or  to  the  fii£t 
that  the  iiuiitoti/iwus  repelitioii  of  eaiisorial  impressions  ia  olt«'n  moiti 
favoumhle  tii  3lee[i  than  their  complete  abeeoce.  Thus  it  is  within  tho 
experience  of  every  one,  that  the  droiung  voice  of  a  lieavy  reailer  on  & 
dull  Buliject,  ia  often  a  most  etfecluiil  hyjmotic;  in  like  mauner,  the  ripplo 
of  the  calm  ocean  on  the  shore,  the  sound  of  a  distant  waterfall,  ihe 
rustling  of  foliage,  the  hum  of  bees,  and  similar  impceasions  upon  tho 
auditory  sense,  are  usually  tjivourable  to  sleep;  and  the  musculiir  and 
tactile  senses  may  he  in  like  manner  affected  by  iui  uniform  siie<?esaien  of 
gentle  niovemeuta,  as  we  sec  in  tlie  mode  in  which  nui"se3  '  hush-olT" 
infants,  or  in  the  jiractice  of  gently  rubbing  some  ]>art  of  the  body,  which 
luM  been  successfully  employed  by  many  who  ci:>uld  not  othenvise  com- 
pose themselves  to  sleep.  The  reaiUng  of  a  dull  book  acts  in  the  same 
mode  through  the  visual  sense;  for  the  eyes  wander-on  from  line  to  lin« 
and  from  page  to  page,  receiving  a  series  of  sensorial  impressions  wliich 
are  theniHelvoK  of  a  very  monotououH  kind,  and  which  only  tend  to  keep 
the  attention  ulivf^  in  projiortion  as  they  excite  interesting  ideas. 

(r83.  In  these  and  similar  castas,  the  iniliienoe  of  external  iinpressio 
woidd  seem  to  he  exerted  in  withdrawing  the  mind  from  the  distinct 
consciousness  of  its  own  operations  (the  loss  of  which  is  the  tnuiaition- 
state  towar<la  that  of  complete  uncoDSciousneas),  and  in  8usj>ending  ths 
directing  power  of  the  Will.  And  this  is  tlie  csiae,  even  where  the  att«I»-, 
tiou  ia  in  the  first  instance  vutiintarily  directed  to  them ;  ns  in  some 
the  phins  which  have  been  recommended  for  the  induction  of  sWi 
when  there  exists  no  spontaneous  disjiositioii  to  it.  In  other  methi 
tho  attention  is  fixed  upon  some  internal  train  of  thought,  which,  whi 
ouoe  set-going,  may  lie  carrie<l-ou  automatically ;  such  as  counting  nunw 
hers,  or  repeating  a  Fn-nch,  Ijitin,  or  Greek  verb.  In  either  case,  whni 
the  scnaoi-inl  eouscjousncss  has  been  once  steadily  fixed,  the  monotony 
the  impression  (whether  received  from  the  Organs  of  Sense,  or  from  ibtl 
Cd'ebnim)  tends  to  retain  it  there  ;  so  that  the  Will  abandons,  at 
were,  all  control  oi-er  tho  operations  of  the  mind,  and  allows  it  to  yiel 
itself  lip  to  the  soporific  infiuence.  This  last  method  is  poculixrly  effi 
tual,  when  the  restlessness  is  dependent  upon  some  menta.1  agit&Uon, 
provided  that  tho  Will  has  [«wer  to  withdraw  the  thoughts  from  Hvt 
exciting  subject,  and  to  reduce  them  to  the  tranquil  Hang  ebit«  of  a  men 
mechanical  re|ietiUon. 

68'1.  The  access  of  Sleep  is  sometimes  quite  sudden ;  the  individiul 
poesiug  at  ouce  from  a  state  ot  complete  mental  activity  to  oae  of  ciiUro 
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oqior.  More  generally,  however,  it  is  gradual ;  and  various  inteiinediatii 
piiiuHts  may  be  dett-eted,  arime  of  which  beiir  a  close  rosoiiiblnnce  to  the 
Btate  of  Ecyeric,  whose  peculiar  niiture  has  been  alnauly  desoriiied  (§  C71), 
The  same  may  be  said  with  regai'd  to  the  transition  from  the  state  of 
81ee]>  to  that  of  WHke^l  activity ;  and  thix  also  may  he  sudden  mid 
complete,  although  it  usually  consists  of  a  BuoceasioD  of  stagps,— tho 
couiiilete  consciousness  of  the  inilivi dual's  reliitioii  to  the  external  world, 
and  the  power  of  directing  his  thoughts  and  actions  to  any  Huliject  about 
which  lie  may  lie  required  to  exert  hiinaelf,  being  the  last  to  return  to  him. 
There  may  be  a  mpid  ivlt^mation  of  these  tUflbrent  atatea;  the  loss  aud 
recoveiy  of  the  wiiking  eoiiaciousneaa  being  many  times  repented  in  the 
coiu'se  of  a  few  minutes,  when  the  circumstances  are  such  as  to  prevent 
the  access  of  profound  sleep  by  the  recurrence  of  sensory  inipressiona;  as 
when  a  man  on  hoi-seback,  weariwi  from  want  of  rest,  la|>Be3  at  every 
moment  into  a  dozing  state,  from  which  the  loss  of  the  balance  of  his 
body  as  frequeiilly  and  suJdenly  arouses  him;  or  when  a  man  going  to 
sleep  in  a  Kitting  postuj'f,  gradually  loses  the  support  of  the  mustdes  whicli 
keep  his  head  eitct.  his  head  droops  by  degrees  ancl  at  liift  talla  forwanla 
on  his  cheat,  and  the  slight  shock  thence  ensuing  parti.iUy  arousi's  and 
restores  hia  voluntary  jmwer,  which  again  raiaea  the  head.  Similar 
fiuctnations  occur  in  the  aensory  perceptions;  and  these  may  be  often 
artiticially  induce<l  by  very  simple  means.  "  We  find,  for  example,  onti 
condition  of  sleep  ao  light,  that  a  i;|uestion  asked  restores  consciousness 
enough  for  momentary  underatauiUng  and  reply ;  and  it  is  an  old  trick 
to  bring  Bleejjers  into  this  state,  by  putting  the  hand  into  cold  water,  or 
producing  some  other  sensalion,  not  so  active  as  to  awiiken,  hut  sufficient 
Ui  iliTiw  t!ie  mind  from  a  more  profound  to  a  lighter  alumber.  This  may 
be  ot^n  re])eatcd,  sleep  still  going  on ;  but  make  the  sound  louder  und 
more  sudden,  and  cou[)lete  wakitig  at  onc«  ensues.  Tlie  same  witli  other 
eeusations.  Lei  the  sleeper  be  gently  touched,  and  he  shows  sensibility, 
if  at  all,  by  some  slight  muscular  movement.  A  ruder  touch  excites  more 
disturbance  and  motion,  and  jirobably  changes  the  current  of  di"eamiug; 
yet  sleep  will  gu  on;  and  it  often  rc(|uires  a  rough  shaking,  particularly 
in  young  persons,  before  full  wakeful  a  ess  can  be  oVitained."  *  *  "  "  It  is 
certain  that  the  (acuities  of  sensibility  and  volition  are  often  unequally 
awakened  from  slee]).  The  case  may  be  stated,  familiar  to  many,  of  a 
person  sleeping  in  an  upright  [)03turc,with  the  head  falling  over  the  breast; 
in  whom  sensibility  is  middeiJy  aroused  by  some  external  imprv^tion,  but 
who  is  unable,  for  a  certain  time,  to  rai.se  his  hejid.  though  the  sensation 
produced  by  this  delay  of  voluntary  action  is  singiihu-ly  distressing." 
These  Tarioua  cases,  it  is  justly  remarked  by  Sir  H.  Holland,*  depcuding 
severally  ou  the  iiiteusity  of  sleep,  and  on  the  kind  and  degree  of  tlie 
external  exciting  causea,  will  be  found  to  explain  many  of  those  so-called 
Mesmeric  phenomena,  which  are  offered  to  ua  under  a  widely  difiei-ont 
interpretation.  And  it  may  be  here  remarked,  that  among  tliose  inter- 
mediate states  between  sleep  and  waking,  which  either  occur  spontane- 
ously, or  can  be  induced  in  numerous  individuals  by  very  simple  processeti 
(55  (>72,  '193),  there  are  several  which  exhibit  peculiarities  that  are  not  in 
themselves  jn  the  least  degree  leas  reumrkahle,  than  are  those  which  are 

•  See  liU  eTcelltnt  Chnjjler  on  '  Sleajs'  from  wluth  die  alxite  uiLraeta  are  takon,  in  hia 
"Mcdital  Nolaiuiil  Rcdoctiuni, "  uxl  Mi  "Clia)iMrH  ua  MenbJ  Pli;iiiulug]r." 
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reganlml  with  ho  much  wouder  by  the  uninformed  observer,  irhen  indni 
by  the  assei'ted  Mesmeric  iiiduence,  au<l  paraded  as  specimens  of  ibtpowi 

(See  §  eae  ««<e.) 

G8S.  It  is  unquestionable  that  the  supeiTeution  of  Sleep  may  be  p; 
mottid  by  the  strong  previooa  expectation  of  it ;  aod  this  ia  true,  not 
merely  of  ordinary  sleep,  but  of  the  stateH  of  artificial  Reverie  and  Si:im- 
nniubulism  fomierlj  described.  Every  one  knows  the  influence  of  habit, 
not  only  in  regard  to  '  time,'  hut  also  as  to  '  place  and  circumstanoe,'  in. 
predisposing  to  Sloop.  Thus,  the  celehraUid  ])edei*trian  Ciqit.  Barcliv 
when  nccomplihliing  his  extraonlinary  fi-iit  of  walking  1000  milea  in 
many  successive  hours,  obtaiueil  at  last  such  a  niasteiy  over  Linisclf,  thi 
he  fell  ft-sleep  the  inatant  he  lay  down.  And  tho  sleep  of  soldii'i-s,  sailon^' 
and  othei-s,  who  are  prevented  by  '  duty'  from  obtaining  regular  i>ei-iod8  of 
repose,  hut  aro  obliged  to  take  their  rest  at  short  intervals,  may  be  nlniret 
said  to  come  at  command;  nothing  moreljeingnem>BBH,rjtoiDdii(v  it,thnn 
the  placing  the  body  in  an  easy  position,  and  thecloRure  of  the  eyes.  It 
is  relattsl  that  the  Abb6  Faria,  who  acquired  notoriety  through  his  power 
of  inducing  somnambulism,  was  accuHtomed  merely  to  place  his  p»tioi 
in  an  Arm-chair,  and  then,  after  telling  him  to  shut  his  eyes  and  coUi 
himself,  to  pronounce  in  a  strong  voice  and  imjierativo  tone  the  woi 
"  donnez,"  which  waa  usually  successful  The  Author  lia«  ha<l  frequent 
opportiuiities  of  satiafving  himself,  that  the  greater  success  which  attends 
the  ■  hvjinotic '  mode  of  inducing  somnambulism  (J  G95),  in  the  hnncis  of 
Mr.  Braid,  its  discovevc-r,  llian  in  that  of  others,  partly  lies  in  tlie  nientJ 
condition  of  his  subject^  who  come  to  liim  for  the  most  |iart  under  tho 
confident  csfiectation  of  ito  pi-nduction,  and  are  fiirther  as.«iired  by  a 
of  very  dctei-miued  will,  that  it  cannot  he  resisted."  And  it  is  one  of  ll 
most  eurioua  phenomena  of  tho  '  biological '  etdtti  (§  (i73),  that,  in  i, 
subjects  at  least,  sleep  may  be  induced  in  a  minute  or  less,  by  the  po«ti 
assurance,  with  which  the  mind  of  the  individual  becomes  possessed,  tbi 
it  ^oiU  and  miiiil  supervene. 

686.  The  influence  of  previous  mental  states  is  yet  more  roraorkaldi 
ia  determining  the  efiects  produced  upon  the  sleeper  by  different  9i>nsoi 
impressions.  The  general  rule  is,  that  luihitual  impressions  of  any 
have  much  less  effect  in  arousing  the  slumberer,  than  those  of  a  new  or 
unaccustomed  character.  An  amusing  instance  of  this  kind  has  bcm 
related  to  the  Author,  which,  even  if  not  literally  true,  serves  extremely 
well  as  an  illu.stratiou  of  what  is  unquestioiuibly  the  ordinaiy  fiMfc,  A 
gentleman  who  had  tiikeii  hia  [xissnge  on  board  a  ship  of  war.  was  oroiiwd 
on  the  tlrst  moi'ning  by  the  report  of  the  moiniiiig  gun,  which  chiinonl  to 
be  fired  just  above  liis  berth ;  the  shock  waa  so  vnolent  as  to  cau^e  bim  to 
jump  out  of  bed.  On  the  second  morning,  he  was  again  awoke,  but  thii 
time  he  merely  started  and  sat-up  in  bed;  on  the  third  morning,  the 
report  had  simply  the  etfeet  of  cau.sing  himtoo|ien  hiseyesfaramomMiI, 
And  turn  in  his  bed:  on  the  fourth  moi-ning,  it  cca^eil  to  afTect  him  U 
all;  an^l  his  slumbers  continueil  to  he  un<listurbe<l  by  the  report,  so  loU 
u  he  remained  on  hoard.     It  often  happens  that  sleep  ia  terniinalcd 

•  A  Terj 
nary  *  miwomnD 
tfaHl  n  new 
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eea&ation  of  an  aocustoraed  sonnd.  (!speciallj  if  tliia  be  one  whose 
luouotouy  or  coiitiimous  rejwlition  had  bemi  the  original  iuducement  to 
rf[«]se.  Thus,  a  person  who  hua  been  reitd  or  preached  to  sleep,  will 
awake,  if  his  slumber  be  not  very  profound,  on  the  ceaaation  of  the  voiee; 
and  a  naval  officer,  sleeping  beneath  the  uieaHUi'ed  tread  of  the  watch  on 
deck,  will  awake  if  that  ti'ead  be  BUs[jended. — In  this  latter  caae,  the 
influence  of  the  simple  cessation  of  the  impression  will  be  augmented  by 
the  ciroumstance  next  to  be  alluded-to,  whieh  haa  received  too  little 
attention  from  wi-iters  on  this  subject,  but  which  la  of  peculiar  interest 
both  in  a  physiological  and  psychological  point  of  view,  and  is  practically 
iliar  to  almost  every  one. 
687.  Tlie  awakening  power  of  sensory  impresaionB  is  greatly  modified 
our  /tnliitual  state  of  mind  in  regard  to  them.  Thus,  if  we  are  accuB- 
to  attend  to  these  impressions,  and  our  perception  of  them  is  thus 
in  acutcness,  we  arc  much  niore  easily  aroused  by  them,  than 
are  by  othera  which  are  in  thcmaclvea  much  stronger,  but  which  wo 
been  accustomed  to  disregard.  Thus,  most  slecpera  aiv  aroused  by 
Bound  of  their  own  names  uttered  in  a  low  tone,  when  it  requirea  a 
louder  sound  of  a  dilferent  description  to  produce  any  manifeatatinn 
of  eonsciousness.  The  same  thing  is  seen  in  ooiuatose  states;  a  patient 
being  often  found  capable  of  being  momentarily  aroused  by  shouting  his 
,c  into  his  ear,  when  no  other  sound  produces  the  loiiBt  cffi;ct. — Tho 
lUowing  eircuM-stance,  communicated  to  the  Author  by  the  late  Sir 
Edward  Codrington,  is  a  most  a]>|>osito  illustration  of  tliia  principle. 
^^When  a  young  man,  he  was  serving  as  signal-lieutenant  under  Lord  Hood, 
^^bt  tho  time  when  the  French  ileet  was  cuniined  in  Toulon  hai'bour;  and 
^^Hteing  desirous  of  obtaining  the  fevoumble  notice  of  his  commander,  be 
^^bevoted  himself  to  his  duty  (that  of  watchuig  for  signalit  made  by  the 
^^Took-out  frigates)  with  the  greatest  enei^  and  perseverance,  often  re- 
maining on  deck  nineteen  hour*  out  of  the  twenty-four,  with  his  atten- 
tion constantly  directed  towards  this  one  object.  During  the  few  hours 
^  which  he  spent  in  repose,  his  sleep  was  so  profound,  that  no  noise  of  an 
^■Brdinary  kind,  however  loud,  would  awake  him ;  and  it  used  to  he  a 
^^ghvourite  amuHemeiit  with  his  comrades,  to  try  various  experiments 
f  devised  to  teat  the  soundness  of  his  sleep.  But  ii'  the  word  '  signal'  was 
even  whispered  in  his  ear,  he  was  instantly  ai'ou.sed,  and  tit  for  immediate 
duty. — The  inHueiice  of  habitual  attention  la  shown  as  much  in  the  effeot 
,jiri)ducwl  by  the  cessation,  as  in  that  of  the  occurrence,  of  sensory  im- 
ireaaions.  Thus  in  the  caae  of  the  naval  officer  aroused  by  tho  Kns[)euBi()n 
the  measured  tread  of  the  watch  over  hia  liead,  tlie  knowledge  pos- 
during  the  waking  slate,  that  this  suspension  is  either  an  act  of 
jenoo  which  requires  notice,  or  indicates  some  unusual  occurrence, 
doubtleu  augments  the  effect  which  the  discontinuance  of  the  sound 
vonld  of  itself  prodnce. 

688.  It  is  not  requisite,  however,  that  the  sound  should  be  one 
habitually  attended-to  during  the  hours  of  watchfidneas ;  for  it  is  suf- 
ficient if  it  he  one  on  which  the  nltention,  lias  been  fixed  as  that  at  which 
the  slumborer  is  to  arouse  himself  Thus  the  medical  man,  even  in  his 
£rEt  profound  sleep  after  a  fatiguing  day's  work,  is  aroused  by  the  first 
of  the  clap|ier  of  his  night-bell ;  and  to  those  who  are  accustomed 
^BBe  every  uoruing  at  the  iouud  of  an  sdanuu-clock,  the  frequency  and 
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i-egul&rity  of  tte  occurrence  do  not  diminish,  hat  mtlier  increase  tlia 
rt^iuess  with  which  it  |>roduceB  its  elTect,  provided  that  the  warning  be 
promi>tly  obeyed.  Ou  this  miially  ilc^peuda  the  efficiency  of  the  awaken- 
ing sound;  if  it  be  diarognrded  ns  a  thing  to  which  there  is  no  occauon 
I  give  heed,  it  very  soon  censes  to  produce  any  inflect,  the  entire  pcnl 
ot  being  sufficient  to  awiike  the  slctiicr;  whilst,  on  the  other  hand,  the 
'first  stroke  is  enough  to  break  the  rejioso  of  him  who  is  impit-sAed  with 
the  edectiial  desire  of  profiting  by  tlie  warning.  Andthns  it  m.iy  hajiixjn 
that,  of  two  pei'sons  iu  the  same  room,  cither  shall  be  at  once  aroused  by 
a  Bouuil  which  produces  no  di-^turbauoe  in  the  slumbeia  of  the  other. 
To  this  influaucc  of  previoiia  iniiirea^ious,  whether  hahitunl,  or  but  onco 
forcibly  mnde,  we  (ire  also  to  refer  the  spnntiuieoua  termination  of  the 
atate  of  sleep  at  partictilar  tiinea,  without  any  sensorial  excitement  from 
external  impresaions.  Thus,  many  persons  who  tu-e  acciislomed  to  rise 
at  a  particular  hour,  wake  regularly  at  that  hour,  wljether  they  have 
gone  to  rest  eai'ly  or  late ;  so  that  the  act  of  apoiitaneiimsly  awafeenins  u 
no  proof  that  the  desii-able  amount  of  i-epose  has  been  obtnined.  But 
what  ia  more  remarkable  is,  that  many  indiTiduals  have  the  power  of 
determiiiing,  at  the  time  of  going  to  rest,  the  hour  at  which  they  aball 
riae,  iw  as  to  awake  from  a  profound  sleep  at  the  precise  time  lixed-upan- 
In  others,  however,  the  desire  to  rise  at  a  purticulw  hour  only  induces  a 
atate  of  i-eatlessness  throughout  the  night,  destroying  the  aoujuincss  of  the 
8lum)>ers;  the  individual  awn.kea  many  tiroes  in  the  niglit,  with  the  belief 
that  the  hour  ia  piut,  and  very  possibly  overBleejia  it  after  all,  the  systein 
lieing  worn-out  by  the  need  of  repose. 

681).  The  Anntiinf,  of  !>'kep  required  by  Man  b  affected  by  so  nuuij' 
conditious,  UBpecially  age,  temjierament,  hahil,  and  premima  exhautlioi*, 
that  no  general  rule  can  be  laid-ilown  on  the  subject, — The  conditjoo  of 
the_/frfM*  in  viero  may  he  regarded  as  one  of  continual  shuiiber;  the  ap- 
paratus of  aninial  life  being  com].'letely  secluded  ft'ora  all  stimuli  whidl 
could  arouse  it  into  activity,  whilst  the  energy  of  the  organic  funcliona  is 
entii-ely  directed  to  the  building-uji  of  the  fiibric.  On  its  first  eumnee 
into  the  world,  the  infaut  continues  to  ]iass  the  greater  jmrt  of  it«  time 
in  slumber;  and  ttds  Ls  {jftrticiilai'ly  to  be  noticed  iu  cases  of  premature 
birth,  the  seven  months'  child  seemhig  to  awake  only  for  the  purpose  of 
receiving  fowl,  and  giving  but  little  heed  to  entenial  objects,  whilst  evoi 
the  eight  montlis'  child  ia  considerably  le-ss  alive  Ui  sensory  inipreaioii* 
than  one  bom  at  the  full  time.  The  oxcees  of  activity  of  the  aiiiflriuiif* 
over  the  dexli-iu^lirie  operations,  which  chai-aeterizes  the  whole  period  of 
infaucy,  childhood,  and  adolescence  {cHAP.  xviii.),  requires  that  a  Urf^ 
proportion  of  the  diurnal  cycle  sliall  be  jmaaed  in  sleep  (during  which  U« 
former  miiy  Ihj  earried-on  without  hindrance),  than  is  requisite  wb«o 
adult  age  has  been  attained,  the  two  sets  of  ohangM  being  then  bahmcvd; 
and  the  lunount  of  (deep  to  which  the  aystem  shows  itnelf  dis[>ua«l, 
gradually  diminishes  from  three-fourths  to  one-half,  an<l  from  ime-lulf  to 
one-third,  or  even  to  one-qunrter,  of  the  twenty-four  houn".  It  b  to  he 
noticed  that  the  sleep  of  children  or  young  jiersons  is  not  onlv  longer 
than  that  of  adulta,  hut  is  also  more  profound.  On  the  other  hand,  u 
age  advances,  and  the  bodily  and  mental  activity  of  the  waking  state 
decreases,  a  smaller  amount  of  sleep  sufticeH;  or,  if  the  slumlier  bo  pro- 
ti-acted,  it  is  usually  loss  deep  and  refreshing.    It  may  be  notioed,  however. 
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U  rtrj  old  pprauns  nsually  pass  a  large  propoi-lionof  their  time  mslee]), 
f  nlhrr  in  n  sort  of  ln-avy  doze,  eajiecially  ufter  dicaIs  ;  iia  if,  in  cnnsj-- 
npT  I'f  thi"  wiiut  of  mergy  of  tlieir  nutritive  ojiiTiititiDa,  u,  ver?  l^mg 
itmnI  of  n-fHwi'  IB  iiuoi'ssary  to  re[>air  the  wnsU"  wliicli  tfttcB  place  duriug 
rir  sliort  (n-rioil  of  tietivity. — In  regard  to  tin;  iuBueiieeof  Uuipcranifiit, 
»t  be  remarked  tliat  n  plotLoric  habit  i>f  body,  sustained  by  full  diet, 
Uy  jirrdisiH-jw-s  to  Blenp,  provided  that  the  digestive  ]K)wer»  be  in  a 
non  winditkin  ;  jiprsona  of  thLi  constitution  frequently  puss  nine  or 
I  hours  it)  slumber,  nud  icaiutnin  that  tliey  cannot  1h)  ndequntely  re- 
al l>y  IciM.      Ou  the  other  Imnd,  tliin   wtiy  people,  in  whom   tha 
his'  temix-mnaent  pvedoniiii;i.tfS,  osuAlly  take  compamtively  little 
.  iiotvithstAiidin^'  the  greater  activity  of  their  nervous  system  wheo 
'  »rc  ftVTftkn;  but  tlirir  slumber,  while  it  lasts,  is  generally  very  deep, 
ne  uf '  Ij-ruphotic"  tenipcrament.  heavy  pnasioalesB  people,  vfho  may 
.  to  live  very  shiwly,  are  usually  great  alceperB;  but  this  is  rather 
e,  thrfiugh  the  dulaeas  of  their  poi-ceptiona,  they  are  leaa  easily  kept 
■  by  MUsorial  or  mental  escitcmeut,  than  bocaitse  they  really  require 
Jotigcd  ce^bation  of  lu'tivity.     As  they  ai-e  liiili'  aaleop  during  the 
;  state,  so  would  it  apjiear  that  the  conatriietive  openitiona  mu^t 
'  fpoin  active  wlijle  they  ai-e  asleep,  so  little  do  they  seem  restored  liy 
knpoea — The  amount  of  sleep,  r(j-'En»/>(H"ii'Uj,  r(i[uirodbv  individuals, 
'  grently  influenced  by  habit:  and,  eonti-ary  to  wluit  we  might  ari- 
we  find  that  the  briefest  sleepers  lime  usually  lieen  men  of  the 
int-utal  activity.     Thus   Frederick  the  Great  and  John  lliiutcr 
mxA   to  have  oiilj  required  live  hours'  sleep  out  of  the  twenty-four; 
I  Oeiicral  Elliot,  celebritiid  foi'  lusdefenceof  Gibi'altar.  is  reeonled  not 
h.tve  slept  more  than  four  hours  i.iit  of  the  twenty-fi>nr,     it  may  be 
Dubled  whethci-  it  would  be  possible  for  any  one  to  sustain  alife  of  vigoi^ 
I  eiertion  tt|)"n  a  smaller  allowance  than  this ;  and  the  general  fact  is, 
,  iroiu  nix  to  eight  hours  of  repose,  out  of  every  twenty-four,  we  re- 
to  keep  the  system  of  au  adult  in  a  state  of  htalthful  activity. 
'  influence  of  habit  may  be  brought  to  bear  onthe  jirotraction,  as  well 
1  on  tlir  abbreviation,  of  the  usual  period.     Thus  Quio,  the  eL'le!>nitcd 
or,  could  slumber  for  twenty-four  hours  successively ;  and  Dr.  Reid, 
:  ln«itnphysician,  could  take  as  much  food,  and  afterwards  as  much  sleep, 
H  were  sufficient  for  two  days. — It  is  needless  to  dwell  upon  the  obvious 
,  &ct,  that,  other  things  being  equal,  the  amount  nf  sleeii required  by  man 
|ih.i[Hirltonal  to  the  atnuiint  nf  mental  itxfrdon   put-forth  during  the 
ticg  hours ;  einct  this  is  iia  obvious  result  of  what  has  been  laid-down 
be  pause  of  the  deuiucd  for  sleep.      It  may  be  rcniai'ked,  however, 
wc  mii.'tl  not   measure  the  aimmnt  of  sleep  by  its  duralion  alone: 
its  inlrruit;/  Li  a  uuitter  of  equid  imjiortance.      The  light  slumber 
h  lA  ilisturbed   by   the  slightest  sounds,  cannot  be  as  renovating  a3 
I  profiiiind  aojior  of  those  whom  no  orilinaiy  noise  will  awake. 
ByO.  There  are  certain  state.s  of  the  Encephalic  centres,  in  which  there 
I  Ui  rtitiff  nf'geiuif  uf  .Slcfp;   and  this  mtiy  continue  for  niany  days,  or 
ten  for  weeks  or  months.    Insomnia  is,  for  instance,  one  of  the  chameter- 
Liei  of  acute  llania,  nnd  may  also  exist  in  various  forms  of  Monomania; 
I  nstiuUy,  also,  one  of  the  symptoms  of  incipient  meningeal  inilamma- 
Bn<t  it  may  constitute  a  iii]>ocilie  di.-tease  in  itself.     In  all  these  cases, 
r,  tJie  pre]>ouderance  o£  iiiailestTUcCive  processes  over  the  coJutractiw) 
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nianifesta  itself,  sooner  or  Inter,  in  the  oxliaiistion  of  the  mental  ami 
bodily  [HJ*!*!*.  Thus  Mnnia,  when  prtilougeil  or  fruqueutly  recurring, 
BubBides  iutfl  Dementia ;  and,  if  it  continue  tor  any  length  of  tijiie,  is  siiro 
to  ho  followed  by  a  great  Bonao  of  wretchedneRsand  prostration,  frequently 
nccoiiipaniod  by  continual  restlesanesH.  Such  effects,  too,  in  a  less  &<:;gni- 
vnted  degree,  rasult  from  habituiil  drji/neiici/  of  sleep;  whether  this  be 
due  to  einotioiiftl  excitement,  which  kopps  repose  at  bay,  or  to  a  toIud- 
tary  dtitermi nation  to  keep  tlio  intellect  in  activity,  Thia  iii  a  veryooin- 
raon  occurrence  ftmong  industrioiis  HtudentH,  who,  with  n  UutLilile  desire 
for  distinction,  allow  themaulves  lesa  than  tho  needed  (pwntum  of  itpose. 
Headache,  tenaion,  beat,  throbbing,  aud  various  other  unpleuEant  aenas- 
tionji  in  the  hca<l,  give  warning  that  the  brain  ia  being  OTertaaked ;  and  if 
this  warning  be  not  taken,  aloep,  which  it  was  at  first  difficult  to  resist, 
becomes  even  more  difficult  to  obtain ;  a  state  of  general  restlessness  and 
feveriah  excitement  ia  induced;  and  if,  in  spite  of  this,  the  eliort  be  con- 
tinued, serious  consuq^uences,  in  tho  form  of  cerebral  indanimation, 
apoplexy,  paralyaia,  fever,  insanity,  or  loss  of  menial  jiower,  more  or  Its* 
complete,  are  nearly  certain  to  bo  inducod.  Some  individuals  can  sustain 
such  an  effort  much  longer  than  others,  hut  it  is  a  great  mistake  to 
suppose  that  they  are  not  e<|uully  injured  by  it;  in  fact,  being  |>osaen9ed 
with  the  belief  that  tlioy  are  not  auiTering  from  the  exertion,  they  fi-e- 
(juentiy  protract  it,  until  a  sudden  aud  complete  prostration  gives  a 
fearfid  demonstration  of  the  cumulative  effects  of  the  injurious  couise  iii 
which  they  have  been  persevering.  Those,  consequently,  who  are  earlier 
forced  to  give-way,  are  frequently  capable  of  aceomplinhing  more  in  the 
end. — In  regai-d  to  the  degree  of  protraction  of  sleep  which  i«  consistent 
with  a  healthy  state  of  the  system  in  other  respects,  it  is  dlfBcult  lo  speak 
with  certainty.  Of  the  numerous  well-imthcutiaited  iuataneea  on  record,* 
in  which  sliHip  hiw  been  continuously  prolonged  for  many  days  or  even 
weeks,  it  is  enough  here  to  state  that  they  caimot  be  i-cgarded  as  exampiv 
of  natuml  sleep ;  the  state  of  such  pei^sona  bcli^  more  closely  allied  lo 
hysteric  coma.  An  unusual  t-endency  to  ordinary  sleep  generally  indioatw 
a  congested  state  of  the  brain,  tending  to  apoplexy ;  and  it  has  been  sUted 
that  apjplevy  has  been  actually  induced  by  the  experimental  attempt  lo 
ascertain  how  large  a  proportion  of  the  diurnal  cycle  might  be  spent  in 
sleep. — Thu"*,  on  either  side,  inattention  to  the  dictates  of  Kalurc,  in 
respect  to  the  amount  of  sleep  niquirod  for  the  I'enovation  of  the  vystem, 
becomes  a  source  of  diseasu,  and  should  therefore  be  carefully  avoided. 

GDI.  Iheaming. — We  have  hitherto  spoken  of  Sleep  in  ita  most  com- 
plete or  profound  form ;  that  is,  tlie  state  of  complete  unconscioasneaa. 
But  with  the  absence  of  consciousness  of  extcntal  things,  there  may  be 
a  state  of  mental  activity,  of  which  we  are  more  or  less  distinctly  eo^ 
nixant  at  the  time,  aud  of  wliicli  our  subsequent  remembrance  in  thu 
waking  state  varies  greatly  in  completeness.  The  chief  peouliaritr  of  thia 
state  of  dreamiiiri  appears  to  Im?.  that  there  is  an  entire  mispension  "! 
Volitional  control  over  the  current  of  thought,  which  flows-on  nutomsii- 
Cftlly,  sometimes  in  a  uniform,  coherent  order,  but  more  commonly  in  > 
atrangely-in congruous  sequence.  The  former  is  most  likely  to  occur, 
when  the  mind  simply  takes-up  the  train  of  thought  on  whicli  it  had 

*  Sucfa.  r»r  rxampK  an  that  uf  Ssmnel  Cliittoa  {"Phil,  Trauu,"  I6M),  aod  tkalx' 
Mftry  Ly»ll  l'-  Trans,  of  Roj.  So».  of  Edinb,."  1818). 
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:d  tliiring  thu  waking-houre,  nrtt  lung  iireviously;  anil  it  may 
n  tliat,  in  consoiiiieiice  of  the  freedom  from  diBtnictiou  n'sult- 
iiig  from  tlie  atisjiension  of  txterual  infiiienctB,  tlio  Reasoning  processes 
may  thus  be  eiUTied-on  during  sleep  with  imiiaunl  vigour  iiud  sucoess,  and 
the  Imagination  may  develope  new  and  iinrmouioiis  forma  of  lieauty.* 
The  more  general  fact  is,  however,  that  there  is  an  entire  want  of  any 
itenaible  coherence  between  the  idewa  which  auceessively  present  tUem- 
■Ives  to  the  conscionaueaa ;  and  yet  we  are  completely  unawnra  of  tiie 
iDCongruoiisness  of  the  combinations  which  arc  thiisformtnL  It  haslwen 
well  remarked  that  "  nothing  surprises  ua  in  dreitms."  All  probabilities 
of '  time,  place,  and  cu'euniHtance '  ai'e  violated ;  the  dead  |Bias  before  us 
as  if  alive  and  well;  oven  the  sages  of  antiquity  hold  pensonal  converse 
with  us;  our  friends  npon  the  autijiodea  are  brought  upon  the  scene,  or 
we  ourselves  are  eonveyeil  thither,  without  the  least  pei'oej)tion  of  the 
intervening  distance ;  and  occurrences,  such  as  in  our  waking  state  would 
eseite  the  strongest  emotions,  may  be  contemplated  without  the  slightest 
feeling  of  a  painfiil  or  pleasurable  nature.  Facta  and  events  long  since 
foi^tten  in  the  wnkiiig  state,  and  remaining  only  as  latent  impi'eastoua 
on  the  Cerebrum  (§  CiS),  present  themfrelvea  to  the  mind  of  the  dreamer; 
and  many  iii-ilancuH  have  occurred,  in  wliich  the  subscijuent  retention  of 
the  knowledge  thus  re-acquired  has  led  to  moat  imjxirtant  results. t  But 
one  of  the  most  remarkable  of  all  the  pecultaritieti  in  the  state  of  dream- 
ing, ia  the  rapidity  with  wliich  trains  of  thought  pass  through  the  mind ; 
for  a  dream  in  which  a  long  series  of  events  has  seemed  to  occur,  and  a 
multitude  of  images  hua  been  suoeesBively  raised-up,  has  been  oft<,'n 
certainly  known  to  have  occupied  only  a  few  minutes,  or  even  seconds, 
although  whole  yeavnt  may  seem  to  tlie  dreamer  to  have  elapsed.  There 
would  not  appeal',  in  truth,  to  be  any  limit  to  the  amount  of  thought 
which  may  tlius  pi/is  through  the  mind  of  the  dreamer,  in  an  interval  so 
brief  as  to  bo  scarcely  capable  of  measurement ;  as  in  obvious  from  the 
feet,  that  a  dream  involving  a  long  HUecession  of  snpposed  events,  has 
often  distinctly  originaleil  in  a  sound  which  Iia.i  also  awoke  the  sleeper, 
that  t!ie  whole  must  have  pajised  during  the  almost  inappreciablp 
iriod  of  transition  between  the  previous  state  of  B!ce|j  an<I  the  full 
waking  c<)nscioiianea8,J  Hence  it  has  been  argued  by  some,  that  >iU  our 
dreams  really  take  place  in  the  momeutoiy  passage  between  the  states  of 


^^  *  Tliua,  CiiDiIurcet  mir  in  hij  dreams  the  Anal  atepa  of  a  difficult  atleaUtion  wliidi  lind 
(•lulled  Lioi  durinfc  tliti  lUi ;  anil  Cunilllliu-  tells  us  tliitt,  wlii^n  i^ngn;i»)  in  liiti  "  Conra 
d'Ktuile,"  hefreiinuntlj'itsiGiiipvdnail  finis)iiiLa!tubjei.-lin  hU  drciuiiii,  whicL  he  hod  Lmkcn- 
offbvfon  rvtiriti^  tn  niA.  Culcriiige  relates  of  iiiiDHtilT,  tliat  Yiir  fn^ment  "  KuMu  Kliao" 
VM  Mmpnied  duritig  slevp,  whiirh  bnji  cnme  n[«m  him  wbiist  reading  tlie  pnHsni;?  in 
"  Purchas'j  Pilgrimace"  on  wbii'h  the  pnttical  clcMri[>11(in  w.-ui  fiiuudsti,  iind  wii*  wriltcQ- 
dovu  tniiiiinlLjhl4^ly  on  awokinK.  'Hbe  iinii^'8  ri^iiii^  upWiiro  hiiu^id  tbiugs,  wltii  a  pamllel 
pridaAiea  uf  tbc  cuneepundenC  eipniiEionB,  wiChnuC  any  wniiatiDn  or  tonne iuauiBaii  iif 
effort." 

t  See  B  niuober  of  inch  uasee  in  Dr.  Aberaroniliie'a  "  ln<)uiriea  cuncemin);  the  Intel, 
lectual  Ponen." 

X  Tbe  only  phase  of  the  waking  rtale,  in  which  an;  auch  intensely' rapid  succesiuon  nf 
thmigbW  preaenl*  !t«elf,  is  that  wbitth  is  now  well  nltoslod  aa  a  freiineut  u«-urr«ii«,  uuJor 
eircnnutftniees  in  which  th^re  U  iipiniti'^rit  lEntiger  iif  ilentb,  i^'^ipi^rinlly  by  drowning ;  tbe 
vhole  preriifKH  life  nf  the  individual  •M^t'miug  to  ^w  prvnentpil  inslaiitaneously  to  his  view, 
with  iW  BTery  impiirtanl  inuiiU^nt  vitidlj  impresned  on  his  roiiacionaneaa,  juat  u>  if  all  were 

^^riaa^ntd  in  a  picture,  the  wliule  of  which  could  be  token-in  at  a  gUufe. 
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sleeping  nnd  wnlcmg;  but  such  au  idoa  la  not  consifltent  with  tlie  fact, 
tliut  the  course  of  a  dreftui  may  often  he  tmced,  by  oKserving  the  suc- 
ceasive  changes  of  expresaiou  iu  the  countenance  of  the  dreamer.  It 
aeema,  howev«r,  thiit  tliose  diijams  are  most  di.stLuctly  reinem!>ereil  in  tbe 
wiiking  Htate,  whii'h  hiive  fifissed  through  the  niiud  during  tlie  trau- 
sitionul  phaae  just  alluJeil-to;  whilst  tlioae  wliich  occur  in  a  ntnte  more 
alliod  to  Soiniiiinibulism,  iire  inoro  completely  iHolated  from  the  oi-dinary 
eoiisoioitfliiesa. — There  is  n  phase  of  the  di*eaining  state,  which  b  worthy 
of  notice  iw  uiiirking  unotlier  giwlntion  between  this  and  the  vigilnut 
state;  that,  namely,  iu  which  tlic  dreamer  hoif  a  cvmaciousiie.sa  that  he 
is  dreaming,  being  mvnro  of  the  imreality  of  the  iniagea  which  pi-esent 
themsclvca  before  hia  mind.  Ho  niay  even  make  a  voluntary  and 
successful  effort  to  prolong  theJn  if  agi-eeahle,  or  to  dissipate  them  if 
■nnpleaaing ;  thus  evincing  the  possession  of  a  certain  degree  of  tliat 
dircctiug  [lowi'r,  the  entire  want  of  which  is  the  chaj'acteriEtic  of  the  true 
state  of  Druaming. 

61)3,  But  the  sensibility  to  external  impressions  niay  not  be  entirely 
suspended  in  Dreaming;  and  it  is  curious  tliat  even  where  sensations  are 
not  recognized  by  the  mind  of  the  dreamer  ns  pi*oeeeding  from  external 
ohjecta,  they  may  alfect  the  coui-ae  of  its  own  thonghts;  ho  that  the 
character  of  the  dreams  maj-  be  in  some  degi-ee  predetermined  by  snch  an 
ari-angemcnt  of  sensory  imjuesaions  as  ia  bkely  to  modify  them.  This  is 
esi>ecially  tlie  case  in  regard  to  the  dreamy  state  induced  by  certain 
narcotics,  such  as  the  Hachisch  (a  preitaration  of  Cai'tiahU  Imllca)  em- 
ployed for  this  pui-pcise  iu  the  East  (§  70'2) ;  foi'  tlie  eiii'.tional  condition  of 
the  individual  under  its  influence,  is  entiivly  under  the  conti'ol  of  e>.tcnaJ 
impressions ;  so  that  those  who  give  themselves  up  to  the  iiitoxicutioo  of 
the./itn^'Mi'rt,  take  wire  to  withdraw  themselves  from  everytliing  which 
could  give  tlitiir  delirium  a  tendency  to  melancholy,  or  excite  in  them 
anything  else  than  feelings  of  pleiusuruMe  enjoyment.*  Moreover,  thon 
are  certiiiii  forms  of  oi-dinary  Dreaming,  in  which  the  whole  succ^enoo 
of  thrtiiglit  n.ud  feeling  (which  ia  made  manifest  by  the  wordK  ocwaaionallv 
uttered,  or  by  the  play  i)f  countetiance,  or  by  the  mtire  active  movemeiits 
of  the  dreamer)  may  be  governed  by  external  suggostiou  ;  as,  for  exampUi, 
in  the  well-known  case  of  the  officer  who  amused  his  iriends  by  acting 
his  dreams,  during  the  expedition  to  Loui^bitrgh,  the  course  of  ilu^e 
dreatns  being  CH]iuhle  of  direction  by  whispering  into  the  sleeper's  au, 
especially  if  this  was  done  by  a  friend  with  whose  voice  he  was  familiar .t 
Sneh  forms  of  Dreaming  constitute  a  traoaition  to  the  etate  of  Som- 
nanibulisDi. 

Ci'J'd.  Soninmnhuliiim.- — The  phenomena  of  Somnambulism  are  so 
yarious,  that  it  is  difficult  to  give  any  general  delinition  that  liliall  include 
the  whole;  but  it  ia  a  condition  which  is  common  to  all  fonnsof  thisstal^, 
that  the  conti'olling  power  of  the  Will  over  the  euiTent  of  thoaght  !■ 
entirely  sus[H.>nded,  and  that  all  the  actions  are  directly  prompted  by  tlie 

•  Se*  Iho  AiitJior'a  article  'Sleep,'  in  the  "Cyclop,  of  Anat,  ami  I'hju.,'  tdL  i»., 
pp-  6^8-^9(1;  lutd  Mamm  '^Dn  Hachia.'ti  et  de  I'Ati^tkAliou  McDtAJt^  BtadcA  F^y^^bolo- 
gique:<.'"  p-  67. 

t  Thia  cflu  in  ileUiilnl  bji  Dr.  AWrcrombie  {"In<iniries  concci-Ding  the  InlallMMj 
rowt™,*"  Sill  Kc!.,  [1.  277.)  on  the  autlority  of  Dr.  Gregory,  ti>  wlmiu  it  hu  rirUt4>l  ij  <• 
KenllctUBi)  vh'i  vritrifRwI  it.  A  fast  nf  n  very  nmiliir  nnturf,  the  mhjert  nf  irhieli  •»•  , 
meilicnl  aludent  nt  Hilinljur^h,  ia  nrlnUil  in  l^nirlJiii'B  "Philwophy  of  N'ntuntl  Hixoij." 
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^B  ideas  wTiich  possess  the  luinil ;  luid  the  differences  chiefly  arise  out  of  the 
^BluoUe  iu   whii'Ii  llic  auccessioa  of  ideos  is  directed,  this  Ijeing  in  gunie 
^HjBHa»«cohereut  sequence  thraugh  the  wbole  of  which  some  one  dominant 
^IStaipranon  may  be  tniced,  whilst  in  other  instftuced  it  is  more  or  leas 
completely  determiiialile  by  oxtenml  sugijestioiis.      These  two  forms  are 
thua   parallel   to   the   stittes   of  spontaneous   Abstnujtion   and    artificial 
Reverie  (Electnj-Bii.'lo|^')reapect!vely(§5(i7 1,  672);  but  differ  from  them 
both  ill  this  essential  feature,^ that  they  occur  in  a  state  of  conaciouaneas 
SO  far  distinct  fi'oni  the  ordinary  waking  coutlitiou,  as  not  to  he  con- 
nected with  it  by  the  unliiiary  link  of  Memory;  and  that  although  the 
oourKe  of  thought  in   tk>mnambiili^m  usually  nmnifeHta  the  directing 
^m  influence  of  previouH   habits,  and  the  knowledge  of  persons  and  things 
^B  possessed  diu^g  the  waking  static   may  be  readily  brought   Uef.ii'o  the 
^Hniiiid,  yet  nothing  which  occvirs  during  the  state  of  Somnumhulisra  is 
^^«ver  retraced  spontaneously,   or  can   be   broiight^back   by   an   act   of 
^^  recoUection.      Impressions  upon  the  nervous  system,  however,  are  some- 
times left  by  strong  emotional  eieitoment,  which  give-rise  to  suhsequeut 
fcehngs  of  discomfort,  of  wjiose  origin  the  individual  is  entirely  uncon- 
acious.* — In  tjic  iii'st  of  the  phases  just  i*eferred-to,  a  train  of  reasoning 
i»  often  ciu'rietl-out  with  romiirkahle  clearness  and  correctness,  and  its 
results  expressed  in  appropriate  languiige,  or  otherwise  actcd-on.      Thus, 
a  mathematician  miij-  woik-out  a  difficult  problem, an  orator  may  make  a 
^—Bjiecch  appropriate  to  tlie  occasion  on  which  he  supposes   hini-sclf  to  be 
^Bealled-up,  or  an  author  may  compose  and  commit  to  writing  poetry  or 
^■■pi'ose,   upon   the  subject  whicli   occupies   his  thoughts.     But  it  is  a 
frequeut  defect  of  the  intellectual  operations  canied-on  in  this  condition, 
that,  tlirough  the  com])lete  absorption  of  the  attention  by  one  set  of  con- 
ndei-ationa,  no  account  is  t^iken   of  others  which  ought  to  modify  the 
conclusion;  and  this,  although  it  may  bo  jialjwibly  inconsistent  with  the 
teachings  of  orilin.iry  experience,  ia  not  fi'lt  to  he  ho,  uule^  the  latter 
should  hapiicn  to  present  thfmiwivea  unhidden  to  the  thoughts. 

BSl-i.  The  second  of  the  phases  above  mentioned,  which  is  especially 
Been  in  the  ariijiiriul  Somnambulism  uiduced  by  the  (ao-calied)  Memtmrie 
process  (J  fiOC),  or  by  the  fixed  gaze  at  a  near  object  (as  pmctised  by 
Mr.  Braid  under  the  iianio  of  llypnotitmi),  is  essentially  the  same  as  that 
of  the  'biological'  condition,  save  in  the  different  relation  which  they 
respectively  liar  to  tlie  waking  state;  for  there  is  the  same  reailiiiess  to 
receive  new  impressions  through  the  senses  (the  visual  sense,  however, 
being  generally  in  abeyance),  and  the  same  wont  of  pei-aiatence  in  any 
one  train  of  ideas,  the  direction  of  the  thonghts  being  entirely  deter- 
mined by  the  suggestions  which  are  iuti-oduced  from  without.  In  either 
of  these  extreme  forms  of  Somnambuliam,  and  in  the  nuraerons  inter- 
mediate phases  wijicli  connect  the  two,  the  comiciouanesa  seenia  entii'ely 
giveii'Up  to  the  one  impression  which  is  operating  upon  it  at  the 
time:  so  that  whilst  ilie  attention  is  exclusively  directed  upon  any 
object.,  whether  actually  jterceived  through  the  senses,  or  brought  sug- 
gtsrtively  before  the  mind  by  ])revio\a  ideas,  nothing  else  is  felt.  Thus 
there  may  be  complete  insensibility  to  bodily  pain,  the  aonmanibulist's 
whole  attention  being  given  to  what  is  [jaasing  in  his  mind;  yet  in  an 

^H  *  Sre  n  vcrr  cQriauH  Hiaiup1«  of  iJiis  kind,  wLlrh  full  uiiilur  the  Autbur'a  unn  obaerrs- 
^BtD,  oairiitedm  the  Arviulu  'Sleep,'  taibe  "C]r<lup.  of  Aaat.  anil  fliya,,"  toL  iv.  p.  69'i. 
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instout,  by  ilirectiog  the  attention  to  the  or^uis  of  s^use.  tbe  ftimstheBft 
ma;  be  rcjilaccd  by  onlintu?  seoMbiUtyj  or,  by  the   fixation   of  tbe 
tittentioD  on  any  one  claaa  of  sensations,  the«e  sliall  be  peix-eived  with 
most   extraordinorv  ocutt-nesa,  whilst  there   may  be  a  state  of  complete 
insensibility  aa  regnrild  the  rest. — Thua,   the  Anthor  haa  witnessed   a 
case  in  which  such  an  exaltation  of  tlie  sense  of  Smell  was  manifested, 
that  the  subject  of  it  discovered  without  difficulty  the  owner  of  a  ^oi~e 
placed  in  his  hand,  in  an  aaeembly  of  fifty  or  aix^  persons;  and  in  the 
name  case,  as  in  manv  othtTR,  there  wb^  a  similar  exaltation  of  the  sense 
(if  Tem|)erature.   The  exaltation  of  the  Muscular  Sense,  by  wliich  various 
actions  that  ordinarily  require  thf  guidance  of  vision,  arc  dirc«tt;d  inde- 
{)eudently  of  it,  is  a  ]ihenomenon  common  to  tlie  '  mesmeric'  «-ith  rarioua 
other   funua   of  artificial   as   well   as   of  natural   Somnambulism.      The 
Author  has  reifcatedly  seen  Mr.  Braid'a  '  hypnotined'  subjecta  write  witli  ' 
the  most  [lerfect  regularity,  when  an  opaque  screen  was   mttrposed 
between    their  eyes  oiiil   the   paper,   the   Uuos   being   eqiii distant  and 
^■arallel ;  and  it  is  not  uucommou  forthn  writer  to  carry  luick  hia  jien  or 
pencil  to  dot  an  i  or  cross  a  (,  or  make  some  other  correction   in  a  letter 
or  wortL      Mr.  B.   had   one  patient  who  woidd  thus  go  back  and  correct 
with  accumcy  tbe  wi-itiug  on  a  whole  page  of  note-paper;  but  if  ihe 
jiai>er  was  moved  fri;>m  the  position  it  had  previously  occupied  on  tbe  i 
table,  all  the  oorreutions  were  on  the  wrung   potnU  of  the  paper  a«  ' 
regarded  the  actual  place  of  the  writing,  though  on  the  riyfu  points  M 
regarded  its  previous  plaoe;  sometimes,  however,  he  would  take  n  fre^  ' 
departure,  by  feeling  for  the  upjwr  left-liand  corner  of  the  paper,  huI 
all  his  c(jrrections  were  then  made  in  their  right  positions,  notwith- 
(rtaniliiig    the  displacement  of  the   paper. — So,  again,   when   the  nttcn-J 
tion  of  the   aomniimbulist    is   fixed   upon   a   certain   train    of  thought, 
whatever  may  be  spoken  in  harmony  with  this  is  heard  and  appreoiaud; 
but  what  has  no  relation  to  it,  or  is  in  discordimce  with  it,  is  entirely^ 
disregarded. 

(ii'5.  It  is  among  the  most  curious  of  the  numerous   facta    which] 
Mr.  Braid's  investigatious  upon  artificial  Somnantbulisni  have  brought  j 
to  light,  that  the  suggestions  derived  froni  tlia  '  muscular  sense'   have  %  ' 
peculiar  potency  in  determining  tlie  current  of  thought.     Fur  if  the  feeo,  j 
body,  or  lindis  be   brought  into  an   attitude  that    is  exjiressivo  of  auy^ 
particular  emoti<in,  or  that  cori'cspondB  (vilh  that  in  which  it  would  li 
placed  for  the  porformauce  of  any  voluntary  action,  the  correajrauding 
mental   state, — that   is,    either  an    Emotional   condition   affecting  tha , 
general  direction  of  the  thoughts,  or  the  Idea  of  a  particular  aotion,- 
is  called-up  in   reapondence   to  it.     Thus,  if  the  hand    be  plocetl   ujwn  ' 
the  vertex,  tbe  Somuanibuliat  will  frequently,  of  hia  own  accord,  dni* 
his  body  up  to  its  fullest  height,  and  throw  his  h<^  slightly  bock;  his 
countenance  then  assumes  an  expression  of  the  UKist  lofly  pride,  and  the 
whole  train  of  thought  is  obviously  under  the  domination  of  this  feelingjJ 
as  is  manifested  by  the  replies  whioli  the  iuilividual  mak»  to  inWr 
gatorifs,  and  by  the  tone  and  manner  in  which  these  are  deliver»L| 
WhcfH  the  fitst  action  does  not  of  itself  call-forth  the  rest,  it  is  aiiffiricn* 
to  stndghten  the  legii  and  epinc,  and  to  throw  the  hcud  somewhat  backi^ 
to  uniiiBu  the  emotirin,  with   itn   corresponding  nianiftatation,  in   its  fuUj 
intensity.     If,  during  the  most  complete  domination  of  this  cmoliuof 
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the  Lead  bo  bent  forwards  and  the  body  and  limbs  be  gently  flexed,  tlie 
moat  prcilbiiud  humility  then  tidces  Its  jilaoe.  So.  again,  if  the  angles  of 
the  mouth  he  guntly  seiwrated  froni  one  another,  as  in  laughter,  a  hila- 
rious diajjosition  is  iiniuediatoly  generated;  and  this  ruay  he  made  to 
give  place  to  luoroseiieas,  by  drawing  the  eyebrows  towards  each  other 
and  dciwnwurda  upon  the  noae,  aa  in  frowning,*  So,  again,  ii'  the  hand 
be  raised  above  tho  head,  and  the  lingera  be  flexed  upon  the  palm,  the 
idea  of  oliinbing,  swinging,  or  pulling  at  a  rope  ia  called-up  in  sufh  aa 
have  been  used  to  such  kinds  of  exertion ;  il^  on  tlie  other  hand,  tho 
flngen  be  flexed  when  the  aj-m  is  hanging-down  at  the  side,  the  idea 
suggested  ia  that  of  lifting  a  wcightj  and  if  tho  same  flexure  be  made 
when  the  arm  is  advanced  tbrwardB  in  the  position  of  striking  a  blow, 
the  idea  of  lighting  ia  at  onco  arouaed,  and  the  Somnambulist  ia  veiy  apt 
to  put  it  into  immediate  executiou.t 

GD6.  Metmeriam. — It  apijeai-s  to  tho  Author  that  the  time  has  now 
tome,  when  a.  tolerably  definite  opinion  may  be  formed  regarding  a  large 
uiunber  of  the  phenomena  commonly  included  luider  the  tenn  '  Mea 
meriam.'  Notwithstanding  the  exposures  of  various  preteudera,  which 
have  taken-pla«e  from  time  to  time,  there  remains  a  considerable  miLas 
of  phenomena  which  cannot  be  so  readily  disposed-of,  and  which  can 
put-forward  as  juat  a  title  to  the  attention  of  the  BCientiiic  Physiologist, 
as  that  which  is  possessed  by  any  other  claas  of  weli-ajwertaiued  facts. 
Passing-ove.r,  for  the  jiresent,  the  inquiry  into  the  manner  in  which  these 
effects  may  be  induced,  the  Author  may  briefly  enumerate  the  priucipul 
phenomena  which  he  regards  ns  having  beeu  veritably  presented  in  a 
sufficient  number  of  instances,  to  entitle  them  to  he  considered  as  genuiuu 
and  regular  manifestations  of  the  jteculiar  bodily  and  mental  conditioa 
onder  diacueaion: — 1.  A  atate  of  complete  Conta  or  [lerfeot  insensibility, 
uialogons  in  its  mode  of  access  and  dejwrture  to  that  which  is  known  as 
the  '  Hyirteric  Oonia,'  and  (like  it)  usually  distinguishable  from  the 
coma  of  Cei-ebral  oppression  by  a  constant  twinkling  movement  of  the 
eyelids.  In  this  condition,  severe  surgical  operations  may  be  performed, 
without  any  couaciouaness  on  the  [>ai-t  of  tho  patient;  and  it  is  not  un- 

Efre(iuently  found  that  the  state  of  toq>or  extends  from  the  Cerebrum  and 
Bensory  Claiiylia  to  the  Medulla  Oblongata,  ao  that  the  reapiratoiy  move- 
ments becoino  seriously  interfered- with,  and  a  state  of  partial  asphyitia 
supervenes, — 3.  A  state  of  .^ommiiiibulisiii  or  Sleep-waking,  which  may 
present  all  the  varieties  of  the  natural  Somnambulism,  from  a  very 
*  The  Aathar  hu  not  odIj  repB^Udlj  iritneased  all  Iheae  effect*,  u  produced  bj  lir. 
BrtiA  upoa  '  bjpaotice^r  ftubjtcta,  uf  whuju  sevural  hjol  noTcrlnrcii  |freTiunflJ;  in  that  cou- 
I  ditioti,  and  had  no  idea  wLatcver  tifwhut  wa^flxperLed  frum  them^  Imt  Lfl  boAbtvu  anNured 

I  V  n  most  int«Uigent  mwiiml  fritiuJ.  wh"hil»piiid  sjiefinl  attenlj™  1.1  the  pjoh^liigical  part 
of  thi^  inquE[7,  ihnl  liaviug  ffnbjoi.i«d  himself  to  Mr.  Itraid'a  |iracti«»,  and  hiLriug  been  oaly 
partiAllv  lliruwn  into  Ihu  Mif]fhotic' itate  (in  fai^,  'hiologi^^'lt  he  diuthicLjj  rcmf^mlTSTH 
fverjtliinf  iliat  wan  iiiav,  and  lan  retrwo  the  uiicjninjlhiblc  effect  iipun  hia  eniutiunnl 
state,  «hich  wofi  pnxtaceil  hy  this  managtincnt  iif  hin  niimenliir  iiii;>arfltiiE. 

+  Od  one  (Njfaaiun  on  whicb  the  Anlhor  witnmHd  thia  tfimilt,  ti  viole^jt  bluw  vn^  Htmob, 
which  chanced  to  alight  Ufxrii  a  Mf'md  somunmbnlifft  within  roach  ;  Ai'^reumliatiTeneta  beiug 
thenh;  oieitci,  tlie  t«o  cIosihI,  anil  begin  l«  b*!nbDur  une  another  with  auuh  ciienry,  that 
they  were  with  Jiflieulty  ueparated.  Althongh  their  pvuiiius  were  at  the  niiuiaut  no 
■trougly  cxtrif-Hl,  that  evuii  wUtiti  n^pamted  tliej  continued  tu  iittrr  furiouif  donunciatiuiiH 
■gainst  wu"1i  uthuf,  jct  a  liltic  .liwrevt  m.-iiiiiiulaUon  of  tliair  niUBclcn  xjon  caliucd  them 
ored  thorn  tu  perfect  guod-hnmuur. 
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liTnitcd  awakening  of  the  mental  powers,  to  the  state  of  complete  Double 

Oonscioiisness.  iii  wiiicii  the  inilividual  luaiilfi'Sts  iill  thi>  ordiuary  poweiB 
of  his  iiiiml,  but  riUiienibtrB  nothing  of  what  has  jmsseil  when  restored  to 
his  natui'al  waking  state.  This  state  of  Souinaoibulism.  in  the  form 
which  it  commonly  tiikiti,  is  chiiract^'riaed  by  the  facility  with  which  the 
tliooghld  are  directed  into  iiiiy  chuniicl  wliicli  the  ol«i!vver  may  desire, 
by  the  principle  of  '  auggeation  ;'  and  by  tbu  want  of  power  on  the  part 
of  thu  Somnambulist,  to  H]([ily  the  teacbiuga  of  ordiuaiy  exjierieuoe  to 
the  correction  of  the  erroneous  idena  which  are  thns  made  to  oei'iipy  the 
niluiL  In  thi'se  particulars,  this  condition  closely  convspi.iuda  wiih  that 
of  the  artitieial  Somnainhulism  or  'hypnotism'  of  Mr.  Braid  (§  GOl); 
and  the  only  ])eciiliarity  in  its  phenomena  which  can  I*  regarded  as  at 
all  esi^ntial,  consists  in  tlie  sjieeial  relation  which  is  a^rmed  to  exist 
between  the  inesnierizer  and  his  '  aubjeet."  Now  in  regard  to  the  exiit- 
euoe  of  this  rappurt,  it  is  Bpeeiidly  note-worthy,  that  it  wiis  not  di.seovered 
until  lonjj  after  the  pmetice  of  MeKnierism  had  come  into  vogue,  baring 
been  unknown  t<)  Mesiiier  bimself  and  bis  inimediiite  diaciple.-!;  and  that 
itn  phenomena  have  only  iicijuin-d  eou.staiicy  and  lixity,  in  ]iro|ifirtion  «s 
its  (sujiposed)  laws  iiave  been  announced  and  received  as  establjslied. 
The  biatm-y  of  Meainemm,  candiiily  and  philosophically  ounlyseil,  atford* 
abundant  erideiioe  iu  proof  of  tlua  position;  but  the  best  guarantee  of 
its  trutb  is  drawn  from  the  results  obtained  from  the  numerous  M«»- 
nierizers,  who  have  begun  to  experiaient  for  tbeniscives  without  any 
knowledge  of  what  they  were  to  esjiect,  and  who  have  produced  a  great 
variety  of  remarkable  phenomena,  without  having  ever  discovere*!  this 
T'lpp'ii'l ;  and  yet  luive  obtained  immediate  eridenee  of  it.  when  oiicc  the 
irlea  has  Iwien  put  into  their  own  miuda,  and  thence  into  those  of  their 
'  Bubjecta.'  It  is  quite  easy  to  understand,  tliat  if  the  niind  of  the 
'siilpject '  be  so  yielded-np  to  that  of  the  mesraeriwr,  as  to  reeeiTe  Utd 
act-upou  any  impression  which  the  ]att«r  foretB-upon  or  even  suggests-to 
it,  the  notion  of  tliis  peculiar  relation  is  as  easily  eoinmunioalile  as  my 
other,  and  may  exert  a  eonijilete  domination  over  the  ■  aiibjm't."  thiMUj;h 
the  whole  of  the  aleep-wakicig  state.  Tbiia  the  commands  or  suggeslimis 
of  the  mesmerizer  meet  witli  a  reapouso  wliich  those  of  no  other  iniLv-iilual 
may  produce;  in  faot,  the  latter  usually  seem  to  be  unheard  by  the 
Homnambule,  sioiply  because  they  are  not  related  to  tbe  doiuituuit 
impressiou, — il  phenonieimn  of  which  tbe  exjierience  of  natund  somium- 
buliem  is  continually  pre»entingexamples(5C94).  Further,  it  being  a  fact 
that  individiiala  of  what  may  be  toi-uied  the  susceptible  couKtitutJon,  hai'e 
brought  tliemsclves,  by  the  habit  of  obedience,  into  conijilete  subjertion 
to  the  expressed  or  underatood  will  of  some  other  ]iBrty,  even  in  the 
waking  state,  without  any  mesmeiie  influence  whatever,  it  is  not  at  all 
diliioiilt  to  understand  bow  aueb  a  liabit  of  nttenihng  to  the  o)>enitor. 
and  to  him  alone,  should  be  i>ccu!iar!y  dcvelojied  in  the  slate  of  Soni- 
nambuliKin,  in  which  the  mind  Heeuis  to  have  hmt  its  self-acting  pnwcr, 
and  to  be  the  {KU^ive  recipient  of  external  impressions.  Au<l  tliv  SMOe 
explanation  ajiplies  to  tbe  other  phenomena  of  this  riipp(rrt:  sueb  as  iU 
e,itabliahment  with  any  hyatunder,  by  liis  joining  hands  with  the  mcs- 
meriMr  and  tbe  wnuniuubulc ;  for,  as  already  shown  (§  694),  it  is  quite 
suihcient  tliat  the  somnambule  should  be  previously  ])Osse«$ed  witli  tba 
idea  that  this  new  voice  will  thus  be  audible  to  ber,  and  tlial  she  must 
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obey  ite  Iwlieats,  for  it  to  produce  alJ  the  »ann?  effects  npon  her  n«  that 
ol'  the  uiesmerLKT  had  previously  ilone.  In  all  the  stifcw.'/ii/  (•xpi.Tiiiieuta 
of  this  kiud  which  thu  Author  has  aoeii.  this  previous  idcii  v'tii  enter- 
tained, both  by  mesmei-izer  and  souiiiHiiiltole ;  but  in  by  far  th-:  larger 
proportion  of  casea  whieh  have  iidlen  luider  his  uotice,  nnd  especially 
wheu  the  aubjeets  of  them  were  not  haliitfieea  of  the  mesmeric  Wfn/icw, 
the  pheDomeuiv  of  this  class  eould  not  be  made  to  show  themselves,  the 
cowH^iousneaa  of  thi)  i«onutauibule  uot  being  limited  to  the  meemerizer  or 
to  thuse  en  nipft'ii'  with  hiui,  bat  being  equally  extended  to  all  around 
[iler.- — 3.  A  frequent  pheuomenon  of  this  condition,  and  one  which  bnii  its 
allel  in  natural  Somnainbulisiu  (5 '5!J4),ia  a  remarkable  ^iflftad'ojio/'oTitf 
^hr  iiivre  ufthe  i'wMies.so  that  the  individual  becomes  swseeptiblo  of  influences 
which,  iu  his  natural  condition,  would  not  be  in  the  leitst  perceived.  To 
this  exaltation  may  fnirly  lie  nttribnted  a  gr<^at  iiuuiber  of  the  phenomena, 
which  have  been  supposed  to  indicate  a  piK:uliur  and  myHtenouH  influence 
exerted  by  the  Mesmcrizer  over  his  '  subject  f  since  the  latter  will  bo  far 
more  receptive  of  ■  suggesting '  impresHions,  than  an  ordinary  bystander 
would  snppoae  jjossible.  And  it  Li  to  lie  borne  in  mind  that  the  concen- 
tration of  the  attention  upon  these  may  often  give  them  a  far  greater 
BJ^Tiificance  to  the  iuilividual,  than  they  possess  for  others;  this,  it  seems 
likely,  is  especially  the  case  in  i-cyard  to  tones  of  voice,  emphiLsis  of 
manner,  itc,  when  questions  are  propounded. — I.  The^HJicu/ur  a/ijMtrat lut 
may  also  be  excited  to  action  in  nniiaual  modes,  and  with  uuuaual  energy, 
Notwith standing  the  Gillacy  of  many  of  the  eases  of  Cataleptic  rigidity 
which  have  been  publicly  exhibited,  the  Author  is  satisfled,  from  investi- 
gnti»n»  privately  made,  of  the  possibility  of  artiflcially  inducing  this 
condition.  A  slight  iiTitatiou  of  the  muscles  themselvea,  or  of  the  skin 
■which  covers  them, — as  by  drawing  the  points  of  the  fingers  over  theni, 
or  even  wafting  currents  of  air  over  the  surface, — is  siiflieient  to  excite 
tlie  tonic  muscular  contraction,  which  may  continue  in  sufficient  force  to 
snsfieud  a  considerabie  weight,  for  a  longer  period  than  it  could  be  kept 
Tip  by  any  conceivable  effort  of  voluntary  jKiwer.  But  thtJie  arc  pheno- 
mena which  are  quite  as  well  diajilayed  in  artificial  Sommunbulisiu 
induced  iu  other  ways,  as  ihey  are  in  the  '  mesmeric '  state ;  and  do  not 
ird,  thcr«-fore,  any  more  than  the  preceding,  tlio  slightest  indication  of 
I  sjieciality  of  the  latter,  or  the  least  proof  of  any  extraneous  influence 
over  the  '  subject' — 5.  Various  effects,  it  ia  assertefl,  may  he 
dnced  upon  the  Organic  FunelioTis  by  '  Mesmeric  '  influence ;  and  it 
ia  on  account  of  this  agency,  tlmt  it  clairaa  to  be  admitted  a&  a  directly- 
curative  agent.  It  will  be  hei-eafter  shown,  however,  that  effects  of  a 
precisely  similar  kind  may  be  produced  in  other  forms  of  Artificial  Som- 
nambulism, by  simply  fixing  the  attention  on  the  part :  and  that  the 
same  may  be  done,  even  in  the  ordinary  waking  state,  in  c(^rtain  subjects 

^B  who  can  be  worked-up  to  the  requisite  pitch  of  confident  cxjicctation. 

■^Sue  §  83T.)* 

^^P  *  The  lAicm  ure  tbc  priiii^iinl  phcDotm^nn  nf  tlio  '  Uesmerie'  state,  in  ngard  to  vbich 
^^Btiie  AutLiir  feclit  bin  lEiijjd  [Laile-up.  He  iluca  Dot  rwe  i/hj  anj  difortdit  should  ba 
^^  atluhcd  W  them,  lince  they  eurr«*(|nnd  in  nil  tasoutliil  farticulara  with  Ihiuti:  uf  atatea, 
wbicb  natoiall;  or  ■pi.ataneiinsi;  uei^ur  id  mitiij  iadiviilua.l»,  mil  wliii.-li  be-  hua  bad  upput- 
j  totiiticfl  uf  pcr^jTjjillyoKBcrTin^^,  in  i^a.^h  ia  vbii'h  Ihi.'  wull-lcnifWD  I'ljarurti^ra  "f  the  fuirtiet 
plibh^  thr^m  nthivL  ^iiHjiLCLUD.  Whi?a  tbo  fikcillt>  witb  vbich  Ibc  miLd  oT  tbc  SimiTiaiuhuiitEt 
a  [ilajed-ua  bj  au|jgwUiiu>  (cuuvejed  elUmr  in  laognage,  or  throDgfi  Dtbur  muutiuns 
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wUeh  exdtd  iiBawiBt«l  uIooh),  and  the  sbnnne  uf  tbe  oarrw^Ta  powsr  ordinfinlj  fuiipUrd 
by  pMt  expcnence,  va  July  kupt  in  view,  mmiy  uf  tlic  Dut>puafld  ^  bLghcr  ]>beDniiitui(i'  of 
MexmeriaiD  niay  be  flcoounWd-fur,  witlicmt  rpgnniiiig  tbe  palioni  od  the  udc  huiil  »  pat- 
guasol  vt  exlnumlinnr;  powera  uf  lUvinAtign,  or  on  the  utl^er  nK  proftiniug  K  ileu:pli»n. 
ThuH,  bntriDg  in  miod  thiit  SoniDamhuliHiii  in  an  ac^t^il  ctieAiii,  the  conntfl  of  vhicb  U 
gL>verue<l  by  es:tijruJL[  imprtissiunH,  it  in  i!aay  to  uuiLur^tntiLj  hun  tbtf  aahject  of  it  lOAir  be 
dirtct^d  by  Mf^ji^iiuij  rjtichtii^UH'  to  euu^r  buildin^d  which  be  hax  never  b^u,  aurl  todevribr 
iK.'snGH  which  he  liiu  iieiur  wilaeued,  «'ilbuut  uay  iiiluutii>uiii  ilei'eit.  Tlie  lucu  of  the 
ninrvcllouH  no  tlrtaigly  poBBened  by  miuiy  of  the  witiiesNS  of  such  eiliibitiuoK,  iiroui|ju 
them  to  gnui|i-al  lud  to  enggerate  Cho  coincidences  iu  all  mich  performaiicea.  iui<l  to 
ncglcot  the  fftilarea ;  ami  hennc  reporM  Kre  given  t-i  the  public,  which,  wheu  Ibe  rnal  trulti 
uf  Uiem  is  koown,  pruve  to  have  been  tbe  renulta  of  n  seriea  of  ^ueasiM,  tlie  aunvclDen  of 
which  in  in  direct  rchition  to  thd  nmi>nut  of  guidnnee  afforded  by  the  qufstions  thsauDlTt« 
Iu  like  uiiLuuer,  the  maulfetitntion^  of  tljo  cjicil4?ment  of  the  '  |riin:uul(igiail  orguii'  tftn 
t>i  depend  upon  tbt-  mati:y:uii:e  uf  a.  an^jgeiiljuu  tu  Ibe  pslJent,  eitliet  thiMa){h  hia  Itno*- 
Mlfe  of  their  HUjip'ised  Beat,  or  through  the  iuiti<:i[iiitiuu»  eipre)i«ed  by  tho  by-RUuden. 
Many  iuHtnnccH  are  rucordcd,  iu  which  the  iatentiou  ha4  l>ce(]  stated  of  uxciting  one  urfAi 
whilst  the  linger  boa  been  jdoced-upozi  or  point<d-at  ouotbcr ;  aud  the  rcaukiiig  moJufetfO' 
tion  boa  always  been  tliat  wliiidi  would  flow  from  tho  former.  It  dueH  licit  hunce  folbw 
that  intenlii>nal  ileCL'ptiun  in  U^tng  prsetiaed  by  the  8<iiniiniiibuUtt :  Hlnce  the  cunditioii  iif 
mind  alreoity  refurrcd-to,  cttui^ea  it  Vi  rutipond  tu  thu  HU^geatioa  wbiiih  is  most  «tJt>aglyeoii' 
veyed  tu  it. 

In  TegHnI  tu  the  allejrad  |towera  which  ore  eaidto  be  ponsetiaed  bynuuy  SomaambalbiUk 
of  niadiD);  with  the  eyvis  eouipletely  coiureil,  ur  uf  dint'erniLig  wunis  eucloae-l  in  g[iai)ae 
boxes,  or  <if  giving  uu  account  of  what  U  taking-place  at  a  distance,  aU  coming  under  tbe 
general  term  VtairroifancFy  the  Author  need  only  here  oxprese  bio  conviction  that  no  can 
uf  tilts  descrigition  hns  ever  nluoil  the  tvHt  of  a  Maiehiog  ioveatigatiun. 

^Yith  rtiHjrcL-t  to  tbe  mudus  in  which  tlio  ^Menaeric'  Somnonihulii'm  is  iadacsd,  H 
appear  to  him  that  they  are  all  referubL  to  those  Htatus  of  notioioni/  &/  Arn^ifr^  inprm^ 
timui,  outl  of  exinelatiun,  Iu  which  reference  boa  been  already  niaile,  as  among  the  DUMt 
patent  uf  tbe  predupiiBing  rfluwa  »f  ounditieus  allied  Id  Sleep  (§S  ii2.  6SJ).  It  ia  Mttfted 
by  Mesmcrixers,  that  they  can  induce  the  'Mesmeric'  atoEe  from  a  distance,  vtitlioal  iht 
leant  conwiuunieas  on  the  part  of  their  '  suhjecUi'  that  any  influence  ii  Ijeing  eirru>l  ud 
them,— an  HFiscrtiou.  which,  if  true,  would  go-far  to  caiablish  the  existence  .if  a  tam 
iilliJBiilhor  mi  siucrh,  cojialile  uf  Iwing  tTiknsniitlO'l  from  one  individual  U>  another.  Hci% 
hiiwever,  hh  in  regard  t-j  tbe  '  higher  pheni.>mena'  lost  Ailvurte.l-t'i,  the  Author  feels  ooo- 
peQed  1^1  stHte  that  no  eWdenro  of  an  othruiativa  kind  hjia  yet  been  adduced,  whieb  am  h« 
in  the  Ito^  di^tee  satiefoctury  to  a  iidcutitio  enijoirur,  who  duly  appreciates  all  tbe  KKUOi 
of  fallacy  tci  which  these  occurrencvn  arv  open.  Amung  these,  the  slala  of  expectation  uu 
the  part  of  the  *  subject*  is  the  most  important;  since  this  has  been  showa,  by  r«pext«d 
experiments,  to  be  of  itself  quite  finETicJent  to  induce  tho  state,  when  thi:  *  subje^'  [uu 
been  led  to  entertain  it ;  wbil-nT,  if  it  be  atl'yjfthtr  wanting,  the  ment  powerfiil  Nnmerie 
inKuence,  no  for  as  the  Author's  personut  knowledge  otends  (and  on  this  iubjwl,ho  (noM 
be  excaned  for  tnintiifg  rather  to  the  results  of  hin  uwn  investigations,  than  to  Uie  MMo- 
inents  of  other  individuals,  however  trustworthy  on  ordinary  matlei^},  bos  alvaja  CulnL 
A  very  stTiking  instance  of  this  kind  is  ciiDlJune>t  in  the  "  Brit,  oud  For.  MhI.  Hirr.," 
vol.  xi«.  p.  ITS,  in  on  Article  lo  which  the  Auth»r  may  refer  as  on  the  whole  i  ipiiaam 
(although  uiit  written  liy  liiuKulf)  hie  owu  opinions  on  this  vurious  and  intenmiBg  ■atjwt; 
fllrc^ugthened  ;is  t^icse  uro  by  utorh  Aut>4ef|uent  inquiry  inl<-  ilie  phenomena  of  *  Hypnotioi* 
and  '  Electro- Uiiili>^/  the  attentive  and  sdenttfie  fltudy  of  wliieb  will  (end,  be  bdl 
assured,  to  eliminate  the  true  from  the  fnlse  in  Meanietism,  aim  cffevtuallj  tfaiui  uf 
iitbet  method  of  proculure.  Mueh  hw  Isien  done  by  the  enquiries  nf  Mr.  Untid  Ot  Uu- 
.ihesttir,  who  difliMVure^l  the  '  hypnotic'  mode  of  inducing  ortifieial  domnamljaliani,  aaJ 
who  bas  ou-efully  stadied  the  phenomena  of  the  bypuotle  itlflt« ;  and  the  Anthcir  f«ls  il 
due  t<>  that  gentleman  further  l^i  locution,  that  wry  sum  nft«r  the  }iuhlieatiuo  of  tbe  tnl 
e-litinu  of  boTou  Uei<'beu^fn^h's  researobes  on  t.^iljlc,  Mr.  llrud  diftcovereJ  their  Irvtf 
explauntjon,  and  exhibited  to  the  Author  many  of  tlie  'odylie'  plienomena,  aa  the  r^nilu  of 
tngyeilion  in  certain  individuolii,  whom  he  hml  dlseuvered  to  have  the  powaof  vuIoDlartly 
inducing  a  state  of  AtHtmetJon  or  ortilii'ial  reverie,  cloeuly  correspoading  lo  what  it  uiw 
termed  the  Electro -Biological  condition. 

On  the  whole  BiibjeK  of  Sleep  and  its  allied  atai«ii,  aa  well  u  on  that  of  Cmbnl 
riiysiology  generally,  the  Autliur  would  strongly  reiiimmend  Hi,  reoderm  Iu  itndy  Sit  IL 
Holland's  "Chaplern  on  Mental  Ph jiuuliigy ;"  iu  which  they  will  Gad  ■  mijat  nliubic  and 
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ii«  <>aM«elluU  or  (iw U  ninl  •ludriiice,  luuvJ  njiuii  an  Mtemlnl  [irnrlical  expi>ri«ni^, 
[  bnitt^ht  bi  lukT  iHkri"'uliirlj  u[ii>n  tliu  inuic  ilillii'iili  nii'l  tveuu<litu  imrtituit  »[  Uia 
A  Aillri  uialfKJ*  iif  llip  7>huniiiaeDu  "C  SiitiuiunihiilliiiD  (iinlurul  mid  niiilii'iiiJj, 
H.  anil  ollict  dliisJ  •UiMa,  wil!  ht  fuuoil  in  the  "yuarlcrlj  HotiBH,"  Scfit., 


B.  OeatnU  fteeai>iltitat'um,  and  Patlioioffiettt  Ap{Aication$. 

mttniiiiiig-up  the  vii^ws  which  have  been  propounded  in  tliiit  Cliapter. 

rcgnnl  to  ihi'  noruiui  fuiiations  of  the  Neiroua  Syatfim,   and    ill 

i^iiig  tlit«(?  to  thu  uhicidntioii  of  its  [•riucijHkl  uiodca  of  iibnoi-inal 

ity,  it  will  be  lulviinUguoua  to  follow  the  reverwi  order  to  that  wliioli 

i  l>ecn  previously  adopted,  and  to  piMceed  from  above  downwards,  in- 

of  friiui  below  upwards. 
|97.    Tlie  etilire  Srrvmia  Syatfiii.  like  other  organs  of  the  body,  pi«- 
vitil  endowments  peculiar  to  itself,  in  virtue  of  which  it  tends  (^ 
ltd  in  A  determinntf  mftnntr  to  impressions  iiiadc  upon  it;  the  pro- 
.  of  its  several  parts  beini^  distintpiished  by  the  miitlii*  operaiuli  of 
liuus  uptiii  each  respei'tively.      In  so  fiir,  then,  as  any  piiii,  of  tlio 
System  merely  rencts  nytou  inipressioiin  whicli  ai-e  made  upon  il, 
F  IB  net  n-gnni  its  o]ieratioiin  iis  aufomutie ;  aud  this  aa  much  when  tliey 
rise  to   Psydjifiil  chimges,  as  when  thoy  mauifeHt  themnetvea  in 
cing  Miiscuhir  muvcmeiits,  or  in  modifying  the  pi-oweses  of  Nutrition 
,  Secrrtiim.— But  the  automatic  actions  of  most  jiarttt  of  the  Ner\'oua 
■re  subject,  more  or  less  completely,  to  the  dominution  of  the 
,  K  |N>wer  wliieh  Iei  purely  Psychieol,  and  of  which  we  know  nothing 
wbiit  wi'  |pam  from  our  own  direct  conaciousucsa  of  its  exercise. 
power  of  the  Will  is  the  greatest  over  the   automatic  actions  of  the 
portions  of  the  Nci-voua  Centi'es,  which  ai-c  concerned  in  psychical 
whilst  it  hfi*  the  leant  influence  over  the  automatic  actions  of 
rfoww  centres,  which  minister  solely  to  the  functions  of  tho  bodily 
in. 
f898,  Nvrmal  jW'k/m  nf  Cerebral  Activity. — The  Cerebrum  is  the  material 
mi,  through  ■whose  iiistnimentality  all  the  processes  of  Thought  are 
riwl-oii.     These  processes  are  first  called  into  activity  by  impreasiont 
avevf.'il  to  the  vesicularmatterof  the Cerebnil surface, by oj'!e«(iiii;/nerve- 
wliich  proecKil  to  il  fiom  the  Sensory  Ganglia;  and  the   iulliieuce 
Ftbnt  activity  is  re-ttniismitted  to  the  Heusory  Ganglia,  by  il  converse? 
.  tX  deaeriuliiuj  fibrcH."     There  is  much   rc-nsoii    to  consider  tluit,  until 
ch  re-tnuismi.-Hion  has  takcfi  place,  the  coiimeio-iis-iieiis  is  not  so  affected 
■  (Jcrubral  cliajiRes,  as  to  give  to  the  results  of  these  changes  apsyc/iical 
for  the  central   Sensorium  appeal's  to  stand  In  precisely  the 
oe  anatomical  and  physiological  I'elation  to  the  vesicular  matter  of  the 
tibraj   aurliice,  that  it  does  to  the  vesicular  matter  of  the  Retina  or 
llier  [n-ripheral  expauHiotia  of  the  Sensory  nerves;  and  there  is  sti'ong 
Jogiiid  ground  for  the  belief,  that  the  process  by  which  tlie  Mind  is 
udttrtxl  eoguizani  of  changes  iu  the  Cerebi-um,  m  pcrlbrmed  by  the  same 

'  nictnnil  ilisliiielne»  of  these  two  seta  of  fibres  must  be  a<lnutl«d  to  be  hj-po- 
1  it  it  imiTLib^bli:  (.lint  auc  anat^iuicul  tttUkuue  ciin  over  be  attaioeil,  birnblc]! 
...L-^if  ina;  1«  i^^ErtMiaLod.  Unt  nJI  Lht  ao^LJo^  uf  Ihc  afferent  And  elTcrvnt  tibrvs 
hi^Ht^li-'Ul  Lbii  bud;.  IH  4ip[i.n4al  to  t]it!  \i\-!a  thai  the  BJLOie  fibres  cvii  iH^rve  Ixith  pnrjnibes^ 
nutvxr  amy  lii  Ihuaghlur  Ihuir  slntPtural  dtBliiirtDSSB,  hnwever,  Uierecui  be  uu  rtiuua- 
lilg  dunbl  tif  the  inuuiuusluii  of  nerve-force  in  tJie  twu  (Umctions  above  inilioited. 
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stnimentfllity  as  thnt  by  wliich  it  is  made  ac/|uainteii  with  imprcsfflonti 
the  Orgnna  of  Si^usi:.  And  tliis  view  ia  uoiifiraied  by  the  faet,  lliat 
automatic  fhanges  ma-y  tnke  placti  in  the  Con^bruni  witliuiit  any  con- 
8ciijusiii?ss  on  our  own  |mrta ;  the  results  iif  which  chiuigpn,  when  we  at 
Uwt  bi'coifie  cnnacious  of  them,  correspond  with  those  liiat  we  onliiiuriJy 
attftiii  by  processes  whose  succesaive  steps  escite  hs  many  Hueccssivc  states 
of  con9cifni3iies3.^These  CerebmJ  i-himgea,  then,  acting  downwanls  iipnn 
the  SenaoriuDi,  give  nm  to  lliose  affVctioos  of  our  cciuaeiousneas,  which 
we  designate  aa  Mental  Procesneg.  These  proocBsea, — willed  into  activity 
by  Sensorial  impressions, — ranging  from  the  simplest  act  of  IdeAtiou  to  the 
liighest  operations  of  Intellectual  power, — consisting  also  in  the, play  of 
Fancy  and  Imagination,  and  including  an  essential  part  of  those  nctivo 
states  known  as  PodsioDS.  Emotion?),  Moral  FeelingH.  Sentiments,  &c., 
- — must  be  regarded  as  esaentially  €intomatic  in  their  natiii'e,  aud  as  tiie 
miLui testations  of  the  '  reflex '  activity  of  the  C'oi'ebrum  ;  siiict'  we  have 
iibiuidimt  evidence  that  they  oin  take-place  without  any  solf-iiirection  ou 
the  |Hirt  of  the  individual,  who,  wliibt  hia  Will  is  in  abeyance,  is  in  the 
condition  of  an  animal  entii'ely  governed  by  Instinct.  There  is,  liowcvcr, 
far  les3  of  uniformity  in  these  '  reflex  actions'  of  the  Cei-ehruni,  than  wo 
observe  in  those  reflex  actions  of  other  parts  of  the  Kervi.us  SvEtem, 
which  give-iTse  to  the  movements  ordinarily  designated  a»  'instinotire;' 
this  diversity  seems  partly  attributable  to  dilfereuees  in  the  urujinal 
constitution  of  dilfei'ent  individuals;  but  it  is  certainly  due  in  great  ]inrt 
to  differences  in  the  aequirfd  cijnstitutiou  of  the  organ,  arising  out  of  till! 
mode  in  which  it  lias  been  habitually  exercised, — this  being  dependent, 
ou  the  one  hand,  ou  the  circumstiLUces  in  which  the  isdiviiluul  haa  been 
placed,  and,  ou  the  other,  on  the  use  he  has  made  of  his  WilL 

flSD.  When  the  power  of  the  tViU  has  been  duly  cultivated,  itacquircs 
so  complete  a  domination  over  the  'automatic'  actions  of  the  Cerebrum, 
that  it  cau  regulate  the  course  of  Thought  and  the  degree  of  Emotional 
excitement ;  intensifying  some  of  these  actions,  and  represMug  othen^  ly 
detonninate  ofl'orts  directed  with  that  Mpecial  purpose.  Itsjiower  istofi^ 
limited,  however,- — ^that  it  can  only  ^lufcd  fi'om  the  object*  which  sponta- 
neously present  themselves  to  the  consciousness,  those  which  it  desires  to 
retain  and  employ;  and  has  no  direct  power  of  bringing  before  the  mind 
any  object  not  actually  present  to  it.  Hence  it  is,  that,  whilst  wo  haw 
an  almost  unlimited  power  of  turning  to  the  best  account  the  endowment* 
we  possess,  by  strengthening  our  InteOectiial  powers,  exisinding  oux 
higher  Emotional  tendeucien,  and  bringing  the  lower  Propenaitie«  nnder 
wholesome  ivstriunt,  we  caunot,  by  any  eifort  of  the  Will,  iutroduc>0  MU 
elements  into  our  psychical  nature. 

7()IJ.  The  [xiwer  of  the  Cerebrum  to  call-fortli  Muscular  movements^  ii 
entirely  exerted  thivjugh  the  intermediation  of  the  Cranio-Spinul  Axis 
upon  which  it  is  superimposed;  no  motor  fibi'ea  directly  issuing  from  tliu 
Cerebrnm  itself  These  movements,  when  directly  determined  by  the 
Will,  may  be  designated  as  Volitional:  when  they  arc  iuvoluntiirily 
excited  by  states  of  jiiiaaiou,  feeling,  ic,  of  whicli  tliey  are  the  external 
expressions,  they  are  diatingiiisht^  as  Kinotiimal :  and  when  they  nre 
prompted,  in  the  absence  of  any  volitional  exertion,  by  tlie  Idea  which 
may  for  the  time  "engross  the  consciousness,  they  may  l»e  termed  IdrtUii/md. 
In  ouch  caaii,  the  uerve-forco  tnmaiuitted  downwai'(U  from  the  Corwbruu 
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appears  to  produce  tlie  veiy  8ani(^  stat^  of  actirity  in  the  Sensori-motDr 
iip]MiratuB,  as  that  whicli  may  hi;  ilirwtly  exciti'cl  iu  it  l>y  iuipi-esaiona 
trausmitteil  from  t!ie  OrgauBof^euiii';  ftud  thus  ihesuiiie  inatninn'iitiility 
serves  for  all  claiisc-H  of  inovemeuta,  Voluiitai-y  aud  luvoluiitary,  the  dtf- 
fei-enct'  in  tlicir  chiinicter  being  siolely  fefetable  to  the  diversity  of  their 
prima  I  aourte. 

701.  Afmm-iiuii  Modes  o/Cerebral  AvtiviC'!/. — The  Cerebrum  being  the 
InstrumeDt  of  all  [«ycliical  actirity,  we  must  regard  its  action  as  dis- 
ordered in  eveiy  state  in  which  that  activity  is  perverted.  The  first 
degree  of  departure  from  the  normal  state,  ia  usually  shown  in  the  want 
of  Volitiomil  control  over  the  sequence  of  fliought;  and  this  may  exist 
merely  to  the  extent  of  giving  the  reflex  iwiwur  of  the  organ  too  great  a 
predominance,  so  that  trains  of  ideas  ami  states  of  feeling  ancceed  each 
other  autoiiiatically,  and  all  the  actions  of  the  individual  are  sim]ily  the 
expressions  of  these.  iSucli  is  the  mental  state  which  esiats  in  liin'trte 
and  in  SominuiJ>idis!ii,ai\tuTa\  orindueedj  the  principal  varieties  in  these 
states  being  traceable  to  the  relative  degree  of  influence  of  ideas  already 
fixed  in  tlie  mind,  and  of  external  suggestions,  in  determining  the  course 
of  thought.  It  is  to  be  remarked,  Lowever,  in  regard  to  these  ctuiditioiis, 
that  they  are  generally  cliaracterizeii  by  a  somewhat  inactive  state  of  the 
Cerebrum,  so  that  the  changes  iu  the  state  of  couaciou-ineas  are  not  rajiid, 
though  such  as  do  occur  are  coherent.'  In  Dfamtng,  Vidirium,  and  the 
Bi-lilicial  delirimri  of  IiilviHtaliini,  on  the  other  hand,  with  &  like  absence 
of  the  directing  and  restraining  power  of  the  Will,  there  is  a  greater  and 
more  irregular  activity  in  the  Cerebral  operations;  the  ideaa  presenting 
themselves  iu  far  more  rapid  succession,  and  possessing  a  less  pei-fect 
mutual  coherence. 

702.  Very  nearly  allied  to  Dreaming  and  Somnambiilidm,  are  the  states 
«f  JJrlirium  and  of  Alaiiia,  which  graduate  almost  im]>erceptib]y  ortc  into 
the  other;  Iwing  chiefly  distinguiHiied  by  the  degree  and  kind  of  excite- 
ment wliich  tliey  respectively  exhibit,  and  by  the  nature  of  the  boiUly 
States  with  which  tliey  are  connected.  The  loss  of  Voluntai-y  control 
over  the  current  of  thought,  is  the  primary  element  of  both  these  con- 
ditions; anil  the  gradoal  weakening  of  this  may  be  frerjuentiy  traced, 
when  the  tmnsition  fifim  the  nonual  state  ia  not  so  rapid  as  to  prevent 
ita  various  steps  from  being  wutchetL  The  artijicial  ddirhiiii  produced 
by  Inlojricatiuff  aijenliii,  affords  i>eculiar  focilities  for  this  kind  of  obser- 
Tation;  and  among  these  agents,  there  is  none  whose  operation  is  so 
interesting  iu  this  respect  as  Hiiehiseh.  The  fii-st  effect  of  a  dose  of 
this  BiilistAUce,  na  described  by  M.  Moreau  (Op,  cit),  is  commonly  to  pro- 
duce a  moderate  exiiilaiiition  of  the  feelings,  and  an  unusual  activity  of 
the  inl<^lleetual  powers ;  but  this  activity  gradually  ft'ees  itself  fi-om  the 
control  of  the  Will,  The  iuihvidual  feels  himself  in ca]Mtble  of  fixing  his 
attention  upon  any  subject;  his  thoughts  beiugcoutinuully dravni-off  by 
a  BUCceBaiou  of  ideas  wliich  force  themselves  (as  it  were)  into  his  mind, 

•  Id  must  tiinnii  of  indureiJ  SoiDiuinitmlisin,  it  appears  as  if  Ihe  mealnl  (uTlivifj-  it  i>n]y 
■ii»tain«i  bj  HSlemnl  prompUtig,  nil  «pon(niiniHimitivityt'eingflii«pepded;  fur  the  'subject' 
i!vDtinu&l1>  relapiies  inlo  a  stitM  'if  iincDiuiFiaiigDiiBit,  uid  dues  nut  ]iii»i  from  one  tni-lc  (a 
■nultiEr,  iuiIeeb  indii^'cil  In  da  id  by  '  lewiiug  quesliiins.'  Id  Hiiue  pasen  of  thin  kioil,  Lnv- 
iTer,  sa  veil  as  in  bII  thiuw  furmn  of  untural  Soinnaal'uliHu  in  whirh  (be  iDdiviilual  nets 
on  tie  nfionlanwna  proniptiDgs  i.f  bin  uwn  thoiigiilg,  the  lutulal  slfllc  ia  uiio  of  cdiitio  anus 
«slJ<H;:  but  it  is  obviiiuatbat  it«up«ratiaaa  are  ilow,  uiid  are  vary  limited  io  thoir  onture. 


asi 


FLECTIONS  OP  TUB   CEREBRO-SPINAL  NERVOUS  BTSTEH. 


without  his  being  in  tho  least  able  to  trace  th^ir  origin.  Tliese  apeodiJT 
ooL'iipy  his  nttentioo,  and  present  themselvca  Id  strange  com  hi  nations,  to 
as  to  ]>rodui-'e  the  most  fantn^tic  nnd  impuasihle  cre«ti<:>iis.  By  a  strong 
effort  of  voLtion,  however,  the  original  thread  of  the  ideas  may  W  reto- 
Tered,  and  the  interhipers  driven  nway.  These  '  lucid  intervals'  siKveS' 
aively  become  of  shorter  and  [shorter  duration,  and  can  be  Itsa  rrequently 
prociu'ed  by  a  voluntary  effort ;  for  the  internal  tpnijiest  Itocomes  mnre 
and  more  violent,  the  torrent  of  (npjiareutly)  disconnected  ideas  increases 
in  vehemence,  so  as  completely  to  aiTest  the  attention,  and  the  muii)  is 
at  last  entirely  given-up  to  it,  and  is  at  the  same  time  withdrawn  from 
the  jiereeptive  cocsciousnea^  of  external  things,  although  as  already 
poiuUid-oiit  (5  Cll2),  it  is  by  no  means  ri'moved  from  the  biflueaco  uf 
sensory  iinpre»i>iona.  The  succession  of  ideas  has  at  first  less  of  incnhe- 
rt'uce  than  in  ordinary  dreaming,  the  ideal  eventfl  not  departing  bo  widely 
from  posaible  realities ;  and  the  disorder  of  the  mind  is  primarily  uiani- 
feated  in  errors  of  perception,  in  false  convictions,  or  in  the  predominauM- 
of  one  or  more  estravivgiiut  notions.  These  false  ideas  are  ginierMlly  not 
altogether  of  an  imaginary  chnritcter,  but  ai'e  origimilly  called  into 
esistence  by  ejtternni  impresaious,  these  being  erroneously  interpreted 
through  the  disordered  action  of  the  perceptive  faculty;  Uius,  for  ex- 
ample, among  the  meat  common  jtervei-sions  are  those  relating  t43  time 
and  »i>aee.  nunutes  seeming  hours,  hours  being  jirulonged  into  years,  and 
all  idea  of  time  being  at  last  obliterated,  iio  that  ]>nfit  and  present  nr« 
coTifounded  togetlier  as  in  ordinary  di'enniing;  whilHt  in  like  manner, 
Htretta  may  apjwur  of  an  interminable  length,  the  people  at  the  other  end 
seeming  to  be  at  a  va.st  dintance ;  for  the  mind  has  a  tendency  to  rjo^ 
iji^nie  every  imjvreiwiou  made  upon  the  const irmsnesn,  fspecially  thofs 
which  affect  the  emotional  state.  The  effect  of  a  fiill  dosi-,  however,  is 
at  lait  to  profluce  the  complete  withdrawal  of  the  mind  from  the  cou- 
tiimplation  of  external  things,  and  entirely  toiiU8[)end  the  action  of  tliH 
WiU  over  the  current  of  thought;  and  the  condition  then  comes  to  be 
nearly  the  same  as  that  of  ordinary  Dreaming,  the  chief  difl'erence  con- 
sisting in  the  readiness  with  which  the  emotions  may  l«!  excited  in  thoa* 
who  arc  under  the  influence  of  the  Hachisch,  and  in  the  d^ree  in  which 
their  course  of  thought  is  amenable  to  external  influences. 

703.  The  following  wncise  and  faithful  description  of  the  ordinaiy 
DcAitium  u/disc/me,  wiU  show  how  completely  it  corrcsponil*  in  all  its 
esucutiaJ  characters  with  that  which  is  inducefl  by  the  introduction  of 
intoxic-ating  agents  into  the  bhiod.  "  In  it^  highest  degree  it  1$  n  rom- 
pletedisturliauce  of  the  intellectual  action!^;  the  thoughts  are  not  innctivr, 
but  rather  far  more  active  than  in  hejiltli;  they  ari-  uncontrolled,  and 
wander  from  one  subject  to  another  with  extraordinary  rapiditr;  or, 
taking  up  one  single  subject,  they  twist  and  turn  it  in  every  wsy  and 
shape,  with  endless  and  innumPinble  repotitiom*.  The  thinking  faculty 
Hiiems  to  liave  escaped  from  all  control  and  reati-aint,  and  thought  afii^r 
thought  is  engcndercil  without  any  power  of  the  patient  to  direct,  uid 
regulate  them.  Sometimes  they  succeed  each  other  with  such  velodtr, 
tliat  all  power  of  percepti<ra  is  destroyed,  and  the  mind,  wholly  engroMnl 
with  this  rapid  development  of  thoughts,  is  unable  to  pcro-ive  imprcmona 
madi"  0]>on  the  senses;  the  patient  goes-on  unceasingly  raWng,  ap|iarently 
uncousuious  of  what  is  tuking-pkcc  around  him;  or  it  may  be,  that  his 
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senses  liavc  becoiiK!  more  ftciite,  mid  that  pvery  wonl  fi-oin  a.  bystnnder, 
or  pvery  object  [ireseote'l  to  bis  vision,  will  become  tbc  nuoleiia  of  a,  new 
train  of  thought ;  anil,  moreover,  audi  inny  be  the  exaltiition  of  his 
sensiiflJ  perception,  that  subjoctivo  phenomena  will  ariae  in  connection 
with  each  sense,  and  the  {ratient  fancies  be  hears  voices  or  other  sounds, 
whilst  ocular  Bpeetra  in  Tarious  formn  and  shapes  appeiir  before  his  cjea 
and  excite  further  rba[i6o<liea  of  thought."*  It  must  lie  remiirked  that 
there  is  usually  a  greater  disorder  of  the  perceptive  faculty  in  Delirium, 
than  in  ordinary  I)refuning;  for  in  the  former  condition,  tlio  erroneous 
images  are  tuore  vividly  couceived-of  as  liaving  au  existence  external  to 
thu  iiiiud,  than  they  are  in  the  latter ;  the  illuHory  visual  and  auditory 
pei-ccptions  having  all  the  force  of  i-eality,  and  often  appearing  to  be  the 
original  eniircen  of  ideas,  instead  of  (as  seems  to  be  rather  the  case  in 
dreaming)  their  ]>roiliicUA  This  peculiarity  probably  dojiends  upon  a 
primary  affection  of  the  Sensorial  centres  by  the  morbid  agent  (§  7  Hi), 

704.  Tlie  more  active  fornis  of  Delirinni  jiasa  by  alniOBt  imiJerceptiblu 
gnulatioiis  into  the  stat<^  of  .1/aiiia,  which  is  usually  characterized  by  tho 
coinbina<iuu  of  complete  derangement  of  the  intellectual  powere,  witli 
passionate  excitement  u|ton  every  point  which  in  the  leaat  degree  aftects  the 
feelings.  Tliere  is,  however,  a  considerable  amount  of  Miriety  in  the  phases 
of  Mania,  depending  upon  difl'erencea  in  the  relative  degree  of  inteUectvai 
and  of  emiitioiwl  distuj'bancc.  For  there  may  be  such  a  derangement  of 
the  former,  a"  givea-rise  to  complete  incoherence  in  the  succession  of  ideaii, 
BO  that  the  reasoning  power  ia  altogether  suspended ;  and  yet  there  may 
be  at  the  same  time  an  entire  absence  of  emotional  excitement,  bo  that 
the  condition  of  tho  mind  is  closely  allied  to  that  of  dreaming  or  of 
ramliLing  delirium.  On  the  other  hand,  tlie  intellectual  jiowera  iniiy  be 
themselves  but  little  disturbed,  the  trains  of  thought  being  coherent,  and 


P  '  Bm  Dr.  Todd'i '  Luinluian  Lectures,  dd  the  Fntholo^  anil  Treatment  uF  DBliriom  and 
Comn,'  in  tbe  **  MedJiiU  Qautttfi,^'  1850,  toL.  xIt.  p.  703. — A  ciicamstiiDL'e  wm  n)uitioii«] 
to  the  Authui,  wliilst  be  mg  a,  student  st  Eitluburgh,  whit:h  reuiarkalily  illanlnitcs  tLo 
inflnence  of  siigeraii^uh  deriTwl  ftom  external  oourcta,  in  determining  the  current  of 
thought.  During  mi  e^iirleniie  of  Fertr  K'hich  ha<i  ix^curnd  B6iai^  tinit-  fireviuuj^ly.  a.nt\  iD 
•hicli  ui  active  delirium  h&d  hwn  B  conuiion  njinpttini,  it  was  iihserreil  that  manj  of  tha 
patients  of  unc  jiurtieulni  [ihyHiciitii  were  pottscsaeil  bir  »  strung  tendencj  to  throw  them- 
Belvflfl  uat  of  tbe  window,  vhjldt  no  Hueh  tendimi^j  prvaented  itaelf  in  unQBUiil  h^qucncy 
10  tbe  practice  of  atbtir^  Tlie  Aathor'a  infurmaat,  himsetf  a  diftin^iiibvii  Prof^hBor  lu 
llie  UniTenity,  eipluneil  thin  tendency  hy  what  hsi)  ncciirre'I  wilbtn  hia  own  knowledge, 
Bi  fullowH :— Hii  friend  and  eulleogue,  Dr.  A.,  wiu  atleDdlng  n  patient.  Mr.  B..  who  neemi 
to  hftve  been  the  finit  to  make  the  attempt  in  quehtion ;  impreesiv]  with  tbe  neeeanity  of 
taJcing  .toe  pretautioni.  Dr.  A.  then  risiteil  Dr.  t'.,  .a  it/ium  hraTinr}  lie  gave  ciireKtiona  to 
have  the  windowa  pfu[ierly  necurnl,  ii"  Mf,  B.  had  ttltenipted  to  throw  himseiront.  Now 
Dr.  C  diKtineUj  remembera,  thut  althoagb  he  hjul  not  previoanly  experienced  any  anch 
desire,  it  t^tue  djiuu  him  with  great  nrgbncj  as  aoon  as  ever  tho  idea  waa  thna  auggevted 
to  bim  :  his  mind  being  jitiit  b  that  Hlate  »(  incipient  delirium,  which  ia  marked  by  the 
teroporaiy  dominanco  i(  aomo  one  idea,  and  by  the  wuut  of  vtiluutnry  giower  tu  withfiraw 
Ibe  att^nt^oa  from  it.  And  he  deemeil  it  probable  that,  as  Dr.  A.  went  on  to  Mr.  D., 
Dr.  E.,  Ac,  and  gave  aimilar  direetiona.  a  like  desire  would  be  eiciled  in  the  miads  of 
all  thoae  wlio  might  happen  to  be  in  the  same  inipresaihle  nindition. 

^  In  true  Dreaming,  the  aenaationaJ  eonacioaaneau  ia  entirely  cLoseil  to  the  outward  world; 
mod  all  tbe  imogea  whi^ib  we  may  tielieve  we  aee,  ur  the  aonnda  thai  we  fancy  anrselvea  bi 
bear,  aeem  to  result  from  ebangos  Ln  tbe  Sensoriuiu  excited  by  Cerebral  iufluencv ;  but  in 
Delirium  there  la  an  cridentlj  disuniereil  action  of  the  Senaorluia  itself,  of  which  spectral 
illuaiona  and  other  'aubjoctive  Kiirjaiionn'  are  the  manifeatatiou.  This  ia  particularly 
obvioua  in  thai  turm  of  Delitiuiu  wlileb  la  knuwn  aa  tUinun  fmneiu. 
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the  reasoning  processes  correctly  jierfonocd ;  Init  ttere  may  be  such  a. 
tftate  of  gener^  emotional  excitHl)ilitT,  that  nothing  is  yi?/tBa  it  should  be, 
and  the  most  violent  passion  may  be  aroused  and  sustained  by  the  most 
tri\Tal  incidents,  or  by  the  wrong  ideoa  which  sre  formed  by  the  mind  &« 
a  conscijuence  of  their  misinterpretation  (5  623).  Between  those  twu 
opposite  states,  and  that  in  which  the  disturbance  aflecle  at  the  same  tinifl 
the  inteliectiinl  and  the  emotional  part  of  the  Mental  nature,  there  is  a 
complete  sucfcssion  of  transitional  links ;  but.  under  all  phase?  of  this  con- 
dition (these  often  puasing  into  each  other  in  the  same  indiridual),  there  is 
one  constant  cleiiiuiit,  naniclv,  the  ileficieiicy  of  Volitional  control  over  the 
succession  of  thought.  This  delicicTicy  iip]>ears  to  be  a  primary  element  in 
those  forma  wliicU  eascntially  couaist  in  Intellectual  disturbance ;  wliilst 
in  those  of  which  Emotioual  excitement  is  the  prominent  feature,  it 
seems  rather  to  reaidt  from  the  overpowering  mastery  that  is  exercised 
over  the  Will,  by  the  states  of  uncontrollable  passion  wliich  succf^  fach 
other  with  little  or  no  interval  It  seems  probable,  however,  from  the 
phenomena  of  lutoxication  (5  702),  that  the  very  siime  agency  which  is 
the  cause  of  the  undue  Emotional  excitabili^,  also  tends  to  produce  an 
absolute  diininutiou  in  the  power  of  Volitional  eontroL 

705.  From  the  state  of  Maniu,  we  naturally  pass  to  those  mon?  per- 
aistent  forma  of //wurii'y,  in  which  there  is  some  settled  disorder  ui  the 
action  of  the  Miud.  AJthough  this  may  arise  from  the  perversion  of  any 
jiart  of  the  payeliieal  nature,  yet  a  [lartial  or  complete  deficieocy  in  tbo 
Volitional  control  over  the  current  of  thought,  and  consequently  over 
the  nctiona  which  are  the  expressions  of  it,  seems  to  be  a  ehiiractenstle 
feature  of  every  form  of  Insanity,  and  isfivquenlly  its  first  manifestation; 
and  it  is  this,  which,  in  mfar  a»  it  fxigtu.  ought  to  lie  considered  as  ren- 
dering the  individual  irresptmaible  for  his  conduct,  But  with  this  is 
uasociated  an  excessive,  deficient,  or  perveiled  activity  of  someone  or  more 
of  the  automatic  tendencies;  aud  hence  Insanity  must  be  re^irded  to 
that  extent  as  consisting  in  a  disordered  action  of  the  Cerebnim.  Tlii* 
may  be  traced  to  a  great  variety  of  causes,  which  may  be  classifitid  in 
ditfereut  ways,  according  aa  we  take  their  oimi  lutture  or  their  modiu 
opfruiidl  as  the  basis  of  our  arraDKcment.  Thus  it  ia  imquestionnbls 
that  in  a  large  proportion  of  cases  of  settled  Insanity,  there  ia  an  iiopiur- 
ment  of  the  due  Nutrition  of  the  Cerebrum ;  and  this,  which  is  ofl«B  »» 
hereditary  defect,  may  arise  (fe  lumo,  like  abnormal  changes  in  the  nutri- 
tion of  other  parts  (chap,  viii.),  from  deficiency  or  pervei-sjon  in  thi 
fonnativB  power  of  the  tissue,  or  from  au  imperfect  supply  or  from  an 
altered  character  of  Its  pabulum.  Of  the  influence  of  deficient  or  per- 
verted foi-mativc  power  in  the  tissue,  we  have  examples  in  the  IitaaDJly 
resulting  from  mechanical  injuries  of  the  brain,  and  from  eioeasivc  '  wcu' 
of  the  organ  by  forced  activity.  Of  the  efieets  of  deterioration  in  the 
charticter  of  the  blood,  we  have  illustrations  in  the  Inanity  that  is  odeii 
liuked-iiu  with  constitutional  diseases  of  which  such  deteriointion  is  a 
marked  feature,  and  iu  that  which  is  so  fi-cpient  a  consei|uen(«  of  habi- 
tual excess  in  the  use  of  Alcoholic  liquorii.  These  conditions  loay  i!xi*( 
in  combination;*  and  it  ia,  probably,  by  such  a  combination,  that  many 

*  Tbai  DfHriutK  Iremmi,  vhirh  mn;  be  regardol  m  >  Inna  of  InDpam;^  luauilTi] 

mBDnlinJI;  cuiifistin^  in  in-rreiiwl  udij  iiuiwrfiirt  nntrilinn  of  thv  CcnbmiD,  Honi  wdl- 
Burilj  Ui  Jtpuoil  OinjuidtFj  ugioii  iLe  esoiaaive  anil  irri'gular  nctivitj  to  wliieh  the  i 
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or  tbe  '  moral  causes'  of  Insanity  operate.  For  there  can  be  little  doubt 
thnt  Eiuotional  exciCemeDt,  Iroiu  its  iuimediiite  relutiun  to  Nerve-force 
(§  624).  has  a  iliruct  iuflnenco  ou  the  forniatiTe  capacity  ot'the  Cerebrum ; 
whilst,  on  tliH  other  liaDil,  we  know  that  it  has  so  great  an  influence  over 
the  Orgiinic  fiiactjons,  that  it  can  proUiice  vary  decided  aItenitioii.s  in  tha 
condition  of  the  Blood  (chap.  xv).  But  without  any  serious  j>erversioa 
of  the  nutrition,  of  the  Cerebrum,  its  action  may  be  disturbed,  either  by 
the  presence  of  some  toxic  agent  in  the  Blood,  or  by  functional  disturb- 
ance in  other  parts  of  the  Nervous  system.  The  delirium  of  Intoxication 
is,  whilst  it  laats,  a  true  losaaity;  and  it  ceases  because  the  poison  is 
eliminated  from  the  circulation.  But  there  are  many  cases  iu  wtuch  tLere 
is  a  continual  production  of  a  jKiison  witliiu  the  system,  which  deraiiges 
the  normal  train  of  mental  action  so  long  as  the  blood  is  tainted  by  it ; 
the  indication  of  treatment  is  here  obviously  to  clieck  this  production, 
and  to  depurate  the  blood;  and  when  this  has  been  eftectuidly  accom- 
plished, the  healthy  action  of  the  Brain  is  immediately  restored,  which 
would  not  have  bei;n  the  case  if  its  nutrition  had  been  seriously  im|)aired. 
Most  persons  have  experienced  the  exti-eme  depi-ession  of  spirits  and  iu- 
CApocity  for  mental  exei'tion,  which  are  consequent  upon  cei'tain  deninge- 
nients  of  the  digestive  fuuction,  and  especially  vipon  disorder  of  the  biliary 
apparatus;  and  it  is  unquestionable  thai  roauy  forms  of  lusanity,  iu 
which  extreme  dejection  is  a  prominent  symptom,  but  which  may  also 
include  intellectual  delusions,  are  solely  de])endent  upon  this  cause.  The 
ftiuctioual  distui'bance  of  the  Cerebrum  induced  by  the  irregular  action 
of  other  parts  of  the  Nervous  System,  is  a  part  of  the  Etiology  of  Insanity 
which  has  buon  ns  yet  but  very  little  attended-to,  but  which  deserves  a 
earefuJ  study.  Numerous  esamjiles  of  it  are  furnished  by  certain  iiecidiar 
forms  of  disordered  Mental  action,  which  are  connected  with  '  hysterical ' 
states  of  the  female  system,  especially  mutability  and  irritability  of 
temper  and  disposition  to  deceit;'  but  wc  are  probably  also  to  refer  to 
this  cause,  m  part  at  least,  thost;  very  distresiiiig  status  of  mind,  which 
arise  out  of  disorders  in  the  sexual  apjiaratus  of  the  male,  or  even  from 
irritation  of  neighbouring  parts,  t — It  frequently  happens  that  agencies 
of  both  classes  contribute  to  the  result;  some  long-continued  defect  of 
nutrition  (very  often  arising  from  hereditary  con.stitution)  sei-ving  as  the 
'  predisposing  cause,'  whilst  violent  mental  emotion,  or  depravation  of  the 
blood  by  noxious  matter  of  some  kind,  acts  as  the  'exciting  cause;'  the 
two  conjointly  producing  that  efl'ect,  which  neither  would  singly  have 
brought-about . 

7Ul3.  It  is  chieSy  (but  not  solely)  in  those  cases  in  whicb  the  Cerebral 

hu  been  previmuly  fonvd,  and  on  the  ittamtion  of  ths  ncmutl  ohuvrter  of  the  Blood 
produced  bj  (he  habitiul  presence  of  AIl'oIioI  in  its  cumnt ;  but  it  is  well  knon  u  thnt 
Delirioia  Tremens  nuj/  ooour  oa  the  rt^Tilt  t'f  uthcr  ogcnciefl  that  primarily  dejti'erifl  the 
DBtriliio  poweu  wiibunt  [tTfertiug  the  blwKl;  aiieb  aa  eiiieaaite  (inplttion,  the  hIiuoIi  uf 
severe  injuricH,  or  tixtrvoie  cuKI.  Id  either  <3l<(u,  howerflr,  the  iDdicatiuon  of  trenti^ieol  htb 
the  FUiQi<: ;  oiuDelj,  Ui  indaize  idfltip,  wberebj  tha  irre^br  aetiTit;  of  th€  erguii  may  \k  oom- 
pleUtelj  nupeDdeil,  ■ud  lU  due  nutrition  reiturtd;  and  to  ourrect  what  mn;  b«  fault;  in 
the  o^ndition  uf  the  blood. 

*  See  Dr.  Lajcock'a  "  Treatise  ou  the  Nervous  Diseiueii  of  Women,"  in  which  these 
wympatki/t  ue  fnllj  d<relt-<m. 

■f-  See  M.  Lullemiuid'a  "Trentiae  ua  Spuniuitorrhn's,"  ttanaliite'l  by  Mr.  McDonguL — In 
tome  of  the  vaaba  ivcorded  by  M.  LuUemnuil,  tlte  miAt  eilreme  latiutuL  dcpreflauu  vaa 
eDgelideTeil  bj  the  presence  of  aacaridea  in  the  lectum  I 
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power  hflfl  been  weftkenod  by  a  eucoeaaion  of  attacks  of  Mania,  Epilepsy. 
or  some  other  diaoriler  wLicIi  iioiisists  in  a  jiervorted  action  of  the  whole 
organ,  that  we  find  tto  IntdUctiwl  jjowtits  specially  iukI  permanently 
disordered ;  the  aucceasion  of  thought  becoming  incoherent,  and  the 
perception  of  those  relations  of  ideas  on  which  all  reoaouing  proceaaea 
de[)end,  being  more  or  leas  completely  oliseiired.  The  failure  nsnally 
ahowa  itself  Srs(  in  the  power  of  Volitional  direotion,  and  ospeciaUy  in 
the  faculty  of  Recollection ;  in  proportion  aa  the  mind  is  unable  to  bring 
the  results  of  ])ast  expeirieuco  to  btwir  on  its  present  operations,  do  the»e 
loBO  their  connectedness  and  consistency;  and  at  last  all  the  ordinary 
links  of  association  appear  to  be  severed,  and  (as  in  the  most  incoheivut 
kinds  of  Dreaming)  the  succession  of  thoughts  cannot  be  accouutej-for 
on  any  known  principles  of  jisychical  action.  All  this  may  oomir  withoc 
without  Emotional  excitement;  uot  unirequcntly  the  latter  occurs  in 
paroxysms,  which  interrupt  the  otherwise  tranquil  life  of  the  subjects 
of  this  form  of  Insanity ;  aud  it  is  not  at  all  incompatible  with  tliia  con- 
dition, that  there  should  be  a  special  excitability  upon  some  one  point, 
which,  owing  to  the  annihilation  of  the  Volitional  conti-otling  power, 
aci^uires  a  temporary  predominance  wlieaevor  it  is  called  into  play.  It 
u  the  general  chanicteriBtic,  however,  of  tliis  form  of  Insanity,  that  there 
al'e  no  aetlhd  delusions;  the  mind  uot  being  disjioscd  to  dwell  long  upon 
anyone  topic,  but  wnndering-olf  in  a  rambling  manner,  so  as  epeiodily  to 
lose  all  trace  of  the  startiug-j>oiut.  Such  [latjcnts  are  unable  to  recollect 
what  passed  through  their  thoughts  but  a  few  minutes  previously;  if  any 
object  of  doaire  be  placed  before  them,  which  it  reiiuires  a  consistent 
reasoning  process  to  attain,  they  art;  utterly  unable  to  carry  this  through; 
and  t!ie  direction  of  their  desires  is  perjietually  varying,  and  may  Im 
readily  altered  by  external  suggestion.  Cases  of  Intelleetual  Insanity, 
depeuiliiig  (b3  this  form  of  the  disease  usually  does)  upon  structut»l 
order  of  the  Cerebnini,  are  less  amenable  to  treatment  than  are  th' 
tlie  otlier  forma  ]ireseutly  to  be  described;  and  their  tendency  is  v 
towards  complete  fatuity. 

TOT.  There  may.  however,  be  no  primary  disorder  of  the  Intellccmal 
&culties;  and  the  Insanity  may  cssentiidly  consist  in  a  tendency  to  di»- 
ordereil  Biiuilional  excitement ;  which  aQ'ecta  the  course  of  thought,  tuid 
couseipieutly  of  action,  without  disturbuig  the  reasoning  prooeBses  in 
any  oilier  way  than  by  supplying  wrong  materials  to  them.  Now 
emotional  disturbauce  may  be  either  general  or  epecial;  that  is,  theiVL, 
may  be  a  derangement  of  feeling  upon  almost  every  subject,  matters  pre- 
viously indiflereut  beooming  invested  with  strong  pleasurable  or  paintiil 
interest,  things  which  were  i>revioualy  rejiulsive  being  greedily  sought, 
and  those  which  were  previously  the  most  attractive  being  in  liks 
manner  repelled;  or,  on  the  other  hand,  there  may  lie  a  peculiar  intfD- 
^fioation  of  some  one  class  of  feehngs  or  impulses,  which  thus  acquire  a 
settled  domination  over  the  whole  character,  and  cause  every  idea  with 
which  they  connect  themselves  to  be  ]iresontod  to  the  mind  nnder  an 
erroneous  aspect.  The  first  of  these  forma,  now  genei'ally  termed  Moral 
Inaanily,  vuiy  and  frequently  does  exist  without  any  disorder  of  the 
Intellectual  jKiwers,  or  any  delusion  whatever;  it  l>eing  (as  wo  shall  pre- 
sently see)  a  result  of  the  generality  of  the  affection  of  the  Emutioud 
tendencies,  tliat  no  one  of  them  maintains  any  constant  bold  upon  the 
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HbKi,  one  excitement  boiog  [as  it  wew)  di-ivoD-out  hj  anollier.  Siicli 
^■tMOht  ftro  uuong  those  wliose  treiitoii'iit  reijuire^  the  niocst  care,  but 
HtO  maj  be  most  tieoefited  by  judiciouH  iutiuencea.  Nothing  else  ia 
^■uiritc^  than  tliat  th^y  sltould  ucerdsc  an  lule^uute  amouut  of  selt- 
^Btrul;  but  tUo  b«at-<Lirect^  moral  treiitiuout  auuiot  enforce  this,  if 
^B  iwtieot  do  doI  himself  (or  herself)  co-operate.  Much  may  bo 
^KobKl,  however,  as  id  the  eiiucation  of  childrcQ,  by  |>resentiiig  adequate 
^BnoB*  to  aelf-coutrol  j  and  the  more  Ixecjuently  this  is  exurtotl,  the  more 
^fer  rJnoc  the  exertion  become. 

BF08.  The  more  limited  aiid  settled  disorder  of  any  one  portioa  of  the 
^^^■(ninl  nature,  however,  gives  an  eutirojy  diifuront  iispoot  to  thu 
^HBteT,  amd  pruduces  an  altogether  diFaimihu*  effect  upon  the  conduct. 
V^is  the  oisential  feature  of  this  state,  that  some  one  particular  t«u- 
^boy  Bcquins  a  domiiianoo  over  the  rest;  and  this  may  happen,  it 
HnU  aeem,  cither  from  au  estraortliaary  exaggeration  of  the  tendency, 
^■nvby  it  OOmM  to  overmoater  even  a  strongly 'exercised  Votitinual 
^Btrol;  or,  on  the  other  hand,  from  a  primary  weakening  of  the 
^■litioaU  control,  which  leaver  tlie  predoniiuont  hioa  of  the  individual 
He  to  exercise  itMl£  Again,  the  exitggerated  t^udeney  may  ujienite 
^■e  Ml  ordinary  Emotion),  either  in  directly  prompting  to  some  kind 
■  ■ctioo  which  ia  the  expression  of  it,  or  in  mudilying  the  course  of 
Hsugbt,  by  habitually  presenting  L'rroneoud  notions  ujwn  the  subjects 
^R  wluch  the  disonlered  feeling  relates,  as  the  hiisis  of  lutellectuat 
HlTBtioniS. — The  firat  of  these  forms  of  Mo7iomimlci  is  that  whieli  is 
^Bwu  as  impulsive  Insanity;  and  the  recognition  of  its  ox.iBtence  is  of 
^^^■•r  importance  in  a  juridical  point  of  view,  For  whilst  the  Law 
^BlHgJand  only  reuitgitizes  as  iirespungihle,  on  the  ground  of  luHanity, 
^Bae  who  are  incapable  of  distingnishing  right  trom  wrong,  or  of 
HHonizing  the  consequences  of  their  acts,  it  is  unquestionable  that 
^^^uriminal  aetions  are  committed  under  the  irresistible  dominance 
^HKie  insane  impidse.  the  individual  being  at  the  time  {perfectly  aware 
B  thtrir  evil  nature  and  of  his  amenablenesB  to  punishment-t     Such  an 

^1*  This  form  of  lowiitf  ia  putinilarlj  oinminiin  luunng  futnnlea  of  natumlJy  'quick 
^^qxr,'  fr\ko,  hj  not  pladag  an  habittial  rtidtmmt  npun  Uieuiflelvcfi,  grnduulij  ccoae  (o 
-IWIain  any  rotumnad  over  it. 

t  Tlie  followiiij;  Terj  chanicterirtJc  eiample  of  the  HcFiniddiil  fotm  of  impnluTe  lamuty, 
»<o  ID  the  Erpijrt  of  the  Mornin^pide  (Eilinlmrfh)  LonaUc  Aitjlom  fur  the  jeai  1S60. 
esMwu  that  of  a  femnJe.  wh<^  wok  out  nlfwted  with  any  (lisutJer  uf  her  ial«IlecLual 
,  uut  *fao  lalx'Dri.'d  oitdflr  no  detaqii^oa  or  halluoJDfltioD9,  but  who  was  t^nuerjl^ 
,  simple  mhsCrsct  deure  to  kilt,  or  rather,  for  it  took  a.  t<[>ecific  form,  to  sLttuigte.  She 
)iepe»ted  attcmpta  to  effect  lier  iiurjioMe,  attackiDg  all  and  aundr;,  even  her  o«a 
I  «nd  other  relsCiveH ;  indeed,  il  Beemed  lu  be  s  matler  of  iwWSenmce  to  hor  icAam 
l^llwimtiiil.  BO  that  aho  Bocoeedod  in  killiug  nmu  OM.  Bhe  rm'OicTod,  Dnder  etrift  dia* 
,  t^  much  aelf-cDDtrol  wi  to  ho  ponDitted  to  work  Lo  the  wauhiog-hougo  and  tiiuiidjy; 
;  mill  onTidDned  lo  araert  that  ehe  '  must  do  it,'  that  :!h<^  waa  '  ccrt&in  nho  Rould  ju 
I  da;,'  lliat  ihe  could  uot  help  it,  that  '  anrely  no  one  had  ever  auUered  aa  ahe  bad 
I  not  beia  'an  awtal  case;'  anc],  npjmaohing  nnf  one,  Hhe  would  gentlj  hring 
i  near  their  throat,  and  aaj  mildly  and  persqiiriively,  '  I  would  juat  like  lo  do  It-' 
qncBtlr  eipremed  a  wish  tliaC  all  the  men  and  wonmn  in  the  world  hiiil  only  one 
,  UlU  (ha  migbt  atnuigle  it.  Yet  thja  fcumie  had  kind  and  uiuiablu  dispoaitions.  was 
1  bj  bar  fellow -patients,  so  much  so  that  one  of  them  inaisted  on  aleeping  with  hvr, 
•be  facmlf  declared  that  ahe  waa  afraid  aho  would  not  be  able  to  reHint  the 
t  to  get  np  duiing  the  night  nnd  atniigle  her.  She  had  been  a  very  pioua  woman, 
^OBBrplsr;  in  bt:r  ciinctgct,  >ery  fonil  of  nttending  pnyct-meelingfi,  and  uf  visiting  the  sick, 
njffiai  with  tliein,  and  resdinj;  tbe  Scripturee,  or  [eptsling  to  Ihem  tlie  senauaa  (he  had 
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iiupulso  may  lead  the  subjoct  of  it  to  kill,  to  commit  it  rape,  to  steal,  to 
bum,  and  bo  on,  and  this  wittout  the  lenat  intention  of  doing  injury  to 
^another;  and  many  inataueea  have  occurred,  in  which  the  individuals 
lliis  nffected  have  vohiutarily  withdrawn  themaelvia  from  the  circum- 
wices  of  whosR  exciting  influence  they  were  conscious,  and  hare  even 
begged  to  he  put  under  refitraiDt. — It  is  a  remarkable  tact,  moreover, 
and  one  that  strikingly  confirms  thu  view  of  the  nature  of  Eiuotional 
states  which  has  been  here  advocated,  that  the  insane  imjiulse  appears  to 
be  not  uufreijueutly  the  expression  of  a  dominant  idea,  with  which  there 
is  no  Huch  aiwociation  of  pleHjiurahlo  feeling  as  makes  the  action  prompted 
hy  it  an  object  of  dcnire,  hut  which  0]iei-atea  by  taking  full  possessdon 
of  the  mind,  and  by  foi-cing  (ao  to  Bjeak)  tlie  boily  into  the  movements 
which  express  it.  The  imlividnal  thus  affected  regards  himself  as  the 
victim  of  a  neaessiti/  which  he  cannot  resist,  and  miiy  be  perfectly 
conscious  {as  when  the  impulse  proooeils  from  a  strong  ilisire)  that 
what  he  is  di:iing  will  be  injurious  to  otliei-s  or  to  himself.  This 
state  bears  a  close  resemblance  to  that  of  the  '  biologized '  sulject, 
who  is  jioremptorily  told,  "  Yoii  iiumf  do  this,"  and  does  it  noeunl- 
ingly  (5  G73) ;  and  it  ia  one  that  is  jwrtieulurly  liable  to  be  induced  in 
persons  who  hahitnally  exercise  but  little  Volitional  control  over  the 
direction  of  their  thonghts,  hy  the  influence  of  Huggestions  from  with- 
out, and  especially  by  occurroncos  which  iix  themselvea  strongly  u]ion 
their  attention.* 

heitril.  II  R1.1  thd  B«cond  Mtiick  of  innnnil;.  Dnriag  the  fnniKir.  Bho  Lad  Meatptni 
flnicide.  The  iliitease  whb  Lereilitarj,  ui'l  it  lOAy  be  btsllevcil  thnt.  she  was  etrvnglj  prt' 
die]nnad  tu  marliiil  iuipulMR  uf  tliin  l^hntUll'ter|  nheii  it  in  etutcil  Ihiil  licraiiiteritnil  nutlin 
bijtii  rutuniitU'd  Kuiciile.  TlierfCuiilil  be  no  liuulit  as  tu  the  Kiuit-rily  of  bet  morbid  desm. 
Rhe  iroFt  bruugbt  to  the  InatitiitLim  under  wry  KtTore  reatniiit,  tad  the  pfutitf  vhff 
bniugbt  lipr  were  nnder  great  nlnrm  upon  the  restraint  being  remored.  Afwr  itii  remotjil, 
Hhe  miulu  repeated  nud  rerf  iletcrniined  uttnrks  upi>n  tbe  olhi-r  [mtienti,  the  stteDilant*, 
and  iKe  ,>tfii^cr^  of  the  Anjlum,  aud  vna  only  brou^bt  to  exercieo  RUfiicient  Bulf-i^i^iitnil  by 
a  nyatein  of  rigid  diA^ip^ne.  Tbia  female  wiu  perfectly  nvare  Ibat  ber  uupulim  *tr« 
vTima,  anii  tbat  if  abe  brul  iMmmittvd  nuy  Act  of  violeore  umler  tbeit  indctrira.  she  wonld 
liavc  l-cen  eniiiaed  Ui  piiiiinhniCBl.  Sb«  dcplor*'!,  in  pilicus  taruiii.  tlie  bnirible  [tfipjienuty 
under  wliicb  abo  Inbrnired." — In  tbe  Beport  of  tbe  Bnme  In^titutiim  for  18oS,  it  a  sdoi- 
tioned  tbat  thi«  female  bod  been  re-iulniittod,  jLftcr  nenriy  fureeeding  in  RtTftu^linf  ber 
sister's  child  under  Ibe  prompting  of  hur  homieidnl  impulw.  "  She  diaplxjiB  no  iIiIiuub 
or  perteniun  of  idena,  but  ia  urged-on  by  nn  abstract  and  DncoatruUahle  impobe  to  da 
what  ebe  knows  tc  be  wrong,  and  deeply  deplores." 

*  To  thiq  oonditiiin  are  to  be  referred  many  of  Lbe  inaane  octionit  vluc^b  are  eomnMnily 
net-down  tc  the  a^'couut  of  Imitn/ian.  TLib  i*nn  vrijulj  be  Itnl  rcKtri'^l«i  U-  that  ttAteof 
mind,  in  whii-h  there  iri  an  infetition  Ut  iukltntc ;  for  trhat  is  culled  *  iuvoluntArj  iiaitAlimt' 
u  merely  tbe  expression  thf  tbe  f^iot,  tlmt  tbe  conseiousneait  of  tbe  performance  of  a  eertafP 
aot  by  one  indiTidual,  giTes-riafl  ly  a  tondcncy  to  iu  [lerfurmance  by  the  other.  Thot  the 
eioilemmit  of  tbe  act  of  yswniog  bj  tbe  sight  or  the  »nnd  of  it  in  another,  ia  ■  nnpit 
phenomenon  of  feiKunuil  movement  proeeeiting  fnim  an  txcitiH'j  ttumiiuyt.  And  ia  lik* 
manner,  the  commission  of  suicide  or  homicide,  after  an  occurrenef  of  the  same  kind  ThJch 
has  previously  li<ed  itoidf  jtrunsl.v  'i|"in  the  att*utiou,  is  an  idea-inol'tr  action,  pruupWd 
by  a  iBUf/eiliiiii  i'Jra,  Tliua,  it  in  veil  known  that  a'ter  the  auiciilc  cf  Lord  Cjutltnu^h.  * 
large  numl>er  of  jiorsona  destroyed  tbemaelvisi  in  a  similar  muds.  Within  a  veek  after  Uir 
"Pentonville  Tiiigeilj,"  in  which  a  man  cnt  tbe  throat*  of  hi?  four  ehildren  knd  Ilini  hit 
own,  there  were  two  similar  oocuirsnces  elsewhere.  Afl*r  the  trial  of  Henrielte  Cornin 
for  ehild-mnrder,  which  cKcit«d  a  eonsiderable  amount  of  public  dir«cnHAioa  on  tbe  qnoitka 
of  homidilal  inannity,  Ew|uirol  van  consultoi  by  numcronB  inoLhcr^  who  were  haunted  bj 
a  propensity  to  dustniy  liieir  oiFwpriiig.— Thu  fcllowing  is  a  remarkable  eiainpt*  t/tb* 
nitdtn  dumiualion  uf  a  morbid  impulse,  hi  which  no  Icudenny  aeema  to  hare  bna  |i»- 
Tioqalr  eaperiBnued,  and  which  appears  to  bare  lieeii  alt'igethar  devoid  of  any  "tij^-t^ 


« 
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^H     709.  In  most  forms  of  Monomiinia,  however,  there  is  more  or  lesi<  of 

^f^aonler  iu  thu  Ideational  process,  leadiug  to  the  fbnnutiou  of  positive 

debisioiui  or  hallii«iii(il.ions,  that  ia  to  say,  of  fixed  beliefs  or  '  dominant 

» ideas,'  wliich  aro  palpably  ineoDaistent  with  reiility.  Tbeau  deJuaious  oxe 
not  attribntablo  to  original  perveraiona  of  th«  roiisouiiig  prooess,  but 
arise  out  o/'the  jierverted  Emotional  state.  This  givea-rise,  in  tlie  first 
place,  to  a  mis-interiiretjition  of  actual  occiirrencea  in  accoi-dance  with  the 
prevalent  eXaiK  of  thu  f(*lings  (§  (i23) ;  but  wheu  the  disorder  hits  iBstcd 
some  time,  ideua  which  hnve  had  their  origin  in  the  Imitgiuatiou  aloite, 
and  which  it  has  at  first  presented  under  a  very  tra,UBient  nafieet,  ai-e 
balituolly  dwelt-ojiou  in  consequence  of  the  interest  with  which  they  we 
invested,  and  at  last  l:>eci:ime  realities  to  the  coiiseiouBneBa  of  the  individual, 
simply  becauBB  lie  liaa  not  brought  them  to  thu  test  of  actual  experience.* 

duracter.  Dr.  Oppenbeim,  of  HnmbuTgh,  bnving  receired  fcir  dlsseetian  the  boly  of  a 
man  whu  hiul  cummUted  suicide  by  cattiog  bia  tbnHAt,  bat  wbo  baJ  dgiie  iWn  iu  such  ft 
lUAQni^r  (but  tia  Jcatb  did  not  tako  place  uutil  after  au  iiK^rral  of  tirtul  i^iiO'criug,  JLjkiit^l/ 
rumiirked  tu  bis  ulleiiJiiut,  — "  If  yuu  bave  auy  fnnty  to  tut  your  tbrimt,  dun't  do  it  in 
such  a  linngliog  way  as  ib'a ;  a  littla  more  Iu  tbe  Irfl  bcrt,  uid  yuu  will  cut  Iho  inrotid 
ftrl«ry/'  Tho  iudividuaJ  to  wboia  tbia  dnji^r>[ui  wlvim  wiu  addrcatifd,  wiu  4  aMl^;r,  ateiidj 
ruui,  wjtb  A  family  and  acomforUtblcaubBifltcai'^;  he  bad  never  majxifeated  tbedii^bteat  Uu- 
dency  to  aniFide,  and  luul  do  niotire  tu  oimmit  it.  Yet,  etrange  to  wlj,  Ibe  atgbt  uf  the 
CuriMe,  and  llie  ubmrriitioa  miule  bj  Dr.  (>.,  au^gestcd  tu  Ida  mind  the  idea  of  wlf-dL'slrua- 
tiun  ;  HDcJ  tbia  lu<.k  aucb  finn  hold  uf  him  tliiit  lio  cairie'l  it  iut<i  e&ecntjou,  fortunately, 
Luvi!ver,  wltb^iut  duly  profiting  by  tbo  anatomii^l  inatruHiona  be  bad  r«:tiJV(^;  fur  bo  dill 
Dul  cut  the  carotid,  and  rucovtjmL 

*  The  Author  waf  lid,  soverul  years  lince,  to  the  funnitioa  of  the  Ticw  aboTo  enunmled 
wjtb  r^ard  tu  the  Emotional  ouum  of  niuat  if  nut  all  the  dtl^tsiuna  of  the  In&ane,  by  the 
earefo!  obserralion  of  >  ca«e  in  whiuh  the  gradual  forinatiun  of  anch  deluaJuuB  cualii  be 
tTMeii,  nnd  in  whith  the  ntryinif  tenacity  uf  Ibelr  hold  over  the  btdief  (which  nometiiUfB 
i^jijjt-AFBd  dihpi>aed  tu  i^et  rid  uf  tbem)  curreajKiniiud  ex^^lTy  n'ith  vfiry'in^  de];m^<:B  uf  iuiem^ity 
of  the  dominant  omution.  liavin^  been  led,  by  bia  intertat  iu  tbia  coae,  tu  make  parUi:(]lar 
inquiries  as  tu  the  [winl  in  queation,  aniuug  thoae  whoBe  eiperience  of  Insanity  haa  been 
fiu  mure  eilenaiTe  tlian  bis  own,  be  ban  obtained  frum  them  fall  eou6nnatiun  of  the  riew 
above  cijircaaeil.  Tbii'  Dr.  Skae  remnrlta  in  the  "Moruingiiide  Report"  for  ISdS,  that 
"  Duthing  c&n  be  fnrtiier  frirm  the  truth  than  t4)  believe  that  iu  every  case  of  Inanity  there 
must  beninedduBiun,  uraume  pertnrlBilion  of  the  intellect.  Of  all  the  fcBturea  of  Intimity, 
iW'Hiifi  in^paUa,  emotiom,  and  fciliiiijii,  and  the  lurt  0/  contrut  orcr  thiriii,  anr  tbu^mt*t 
e^ueutial  and  ronatAiit.  Deluaiona,  illuaiuus,  and  iiallnciuatiuna  ore,  comparatively  spmk- 
ioft,  tlj6  aofiilpQlal  cuucumitauta  uf  the  diaeaae.  The  former,  perhaps,  luvorialiiy  accnm- 
pony  the  invasion  of  the  diseose;  the  tatter  are  frequently  uuly  developal  during  ilaprugreaa, 
and  ore  wunetijnea  never  [present  at  nil. '*^  It  ia  uut  n  Uttte  LUtereatiug,  in  this  eounelion, 
M  well  aa  in  the  mlditiunol  relation  which  it  iudicutes  tietvi^^u  luHmity  and  the  various 
pbueH  of  Delirium,  Dnuiudng.  kc,  that  the  /yarliculaT  dtlunon  aeema  often  to  be  eng- 
psled  ly  accidental  circamslnncCM,  the  mind  being  previouily  under  the  iiiflueDce  uf  anma 
nioriiid  lendi'ucy  wbic^b  )flive  the  ytntral  dintiiim  to  the  thuughte.  Thua  we  find  it 
mcntioued  in  the  "  Momiiigside  Report,"  fur  1S50,  thai  the  (juecn'a  pnblic  viait  to  Scot- 
land ficemed  to  give  a  apecinl  direction  t4>  the  ideaaof  acivcral  individanla  who  became  in Bone 
at  that  period,  the  attack  of  inaanity  being  itself  in  aume  iuetances  traceable  tu  the  eicite- 
ueat  indueeil  by  that  event.  Une  of  the  patleutt,  who  waa  affected  vitb  puor|>cral 
loanio,  l^elieveil  that,  in  conaequenee  of  her  conAuomeiit  having  taken  place  on  aueh  a 
remarkable  occasion,  ahe  must  have  given  birlh  to  a  [Krrs'm  of  royal  or  divine  dignity. 
During  the  reli^ons  eicitement  nhieh  prevailed  at  the  time  of  the  '  ilisruption'  uf  the 
Ecottiah  Chureb,  an  uuuHually- large  nnmbur  uf  iiatieiilti  were  ailraitt^d  intu  tbs  vaiions 
asylums  of  Sootlaiicl,  labouring  under  dtluaiuna  connected  with  religion  ;  the  disoriler  having 
here  also  dou  btieaa  commenceil  in  un  eia^igeration  uf  tbiaulnas  of/njii'^n,  and  the  erroneous 
heli'fi  having  been  formed  under  their  inlluvnce.  Aguii,  in  the  Kepurt  of  the  name  lusti- 
tuii»n  fur  1><51.  it  in  i-tateil  that,  as  in  furmer  innlancea,  "  the  current  ("pica  of  the  day 
Itnvc  eulourinf  lunl  form  to  the  delusiona  uf  the  diaurdered  fancy.  We  liave  thus  bod  no 
loB  thiLU  BvB  individuals  uUuittud  during  the  year,  who  buUevu  theiiucliee  the  victiuiB  of 
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When  the  mind  Vrns  onoe  yielded  itself  up  to  the  dominanoe  of  these 
erroneous  ideas,  they  caji  Beldom  Iw  (liB[>elled  by  nny  (irtweaa  of  reasoning ; 
tor  it  results  from  tie  very  natiiro  of  t!ie  previona  habita  of  thought,  that 
the  reiHoidugiioweraara  wejikened,  and  thut  the  volitional  control,  through 
want  of  Bxei'ciae,  can  no  longer  be  exertbcL*  And,  conswjHently,  oitliougli 
a  vigorous  deleriuixiation  to  get-rid  of  the  idena  whjcli  are  felt  to  be 
erroneous,  and  to  keep-down  the  emotional  tendency  whose  exaggeration 
ia  the  essence  of  the  disorder, — in  other  words,  a  strong  effort  of  self- 
Qontrol, — may  bo  eft'octive  in  an  early  stage  of  this  condition,  yet,  when 
the  wrong  habits  of  thought  have  become  settled,  little  can  usually  ba 
done  by  way  of  direct  attack  upi>n  them ;  and  the  most  efficacious  treat- 
ment uonsiats  in  the  encouragement  of  the  general  habit  of  self-control, 
and  in  the  withdrawal  of  the  mind,  so  far  ua  may  be  possible,  from  the 
morbid  state  of  aetiou,  by  presenting  to  it  other  sooroes  of  Interestiug 
occTijiation.t 

710.  A  disordered  state  of  the  Kmotional  nature  eeenia  to  be  as 
essential  choracturof  that  condition  which  is  usually  designated  as  i/ysfmo. 
There  are  certain  forms  of  this  disorder,  which  graduate  insensibly  into 
Moral  In»aidty  or  Monomania ;  but  it  more  commonly  manifests  itself, 
in  the  fiitit  instouue  at  least,  in  an  eicaggeratiou  of  ordinary  emotional 
excitement  and  of  its  eJttemal  manifestations,  such  oa  smiles  and  tean, 
laughter  and  crying,  which  arc  strangely  intermingled,  and  are  broughl- 
on  by  the  slightest  disturliauce  of  the  feelings.  That  the  deficiency  lirt 
rather  in  the  power  of  coutrolling  the  tlwuglU/i  and  /eeliugn,  than  in  that 
of  directing  the  actions  of  the  iiuiselea,  appears  trom  the  hict  ttiat  Hyste- 
rical paticutH  can  otten  be  caused  to  restrain  themselves,  either  by  the  pr&- 
sentatiou  of  some  powerful  motive  (as  the  threat  of  severe  discipline  in  the 
event  of  the  return  of  the  paroxysm),  or  throngh  the  more  gradual  cujliva- 
tiou  of  the  power  of  Will  in  repressing  the  first  access  of  emotionid  esciW- 
ment,  by  the  withdrawal  of  the  mind  from  the  contemplation  of  all  that 
induces  it.  For  in  such  individuids,  the  involuntary  movementa  are  but 
the  expression  of  an  unhealthy  state  of  mind ;  in  which,  either  from  an 
injudicious  system  of  education,  or  from  habitxtal  want  of  self-control  (in 
the  part  of  the  individual,  the  Ejuotiona  are  allowed  to  exercise  unchecked 
domination ;  and  in  which  the  Will  is  at  last  so  weakened,  that  the  ntb- 
joct  of  the  disorder  can  scarcely  be  considered  as  n  responsible  bein^ — 
There  are  other  Hysteriwd  cases,  again,  in  wliich  there  w  leas  of 
disorder,  but  a  greater  physical  excitability  of  the  nervous  aysU'm  (J 
BO  that  most  violent  paroxysms  of  a  tetanic  or  e|)ileptic  cliaiacKr 
induced  by  very  slight  stimuh;  and  any  emotional  excitement  may 

Mesmerio  Bgencj,"— n  Biirt  of  '  Mesmeric  numia'  hnving  bwiii  preralBOl  in  Ediabwjh 
daring  Cbit  penud. — "three  of  the  inmatca  lalkni  mueb  of  CnlifDinia,  uxl  of  tlia  L^ 
fall  of  gulJ  wbii^h  tbef  hivl  oblaluiHl  froin  tUe  lUg^nirtt;  uiii  oaa  uf  theu]  arrived  M  tb< 
persDiuLuu  liial  lua  Ivd;  vaa  tnuumnUrd  into  gulil. " — TkM  Imanit;  coflmieasM  in  B  div 
otdand  EniDtiDn&l  itate,  b  a  ductrioe  lung  ainco  advoisMd  Lj  U.  liuiilain  ("TnilidM 
Fhrtnopathieg,"  and  "  Le^ona  Uralea  aur  lea  Mnbidiei  Hinlaiu") ;  but  he  unlj  navii^ 
Om  fbna  of  llitg  dinor'Ier,  that  vfj/aia/ul  scnBibilJt;  of  mind. 

*  If  an  aWompt  be  inmio  tji  raisoQ  a  jialimitoutuf  a  delusion,  h j  demonWntinj  iU<on- 
plele  iiu»iiust«nef  with  the  ujiwt  <jbFii.iuij  (arts,  the  reply  will  be  OBiiallj  njnigtliiiigU  Ail 
oBwt, — "I  have  stronger  OTidenoe  tbun  uiTlhiag  wMch  ynu  ou  aqie — Uio  cndcnn  J 
ny  OKtn  feelings." 

t  See  an  aii»sll«iil  little  ewiay  bj  the  Key.  ,T.  Barlow,  on  "  Man'a  Tower  uT«r  hiu^  to 
pnreiit  nr  ountrol  liimuiity." 
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aa  one  among  these  atimnli,  without,  however,  being  at  all  excessive  in 
its  aniount.  Here,  too,  the  WUl  Tatty  have  a  ]>erfect  control  over  the 
muMclea,  ttt  all  other  t.iuiea  thiui  when  they  are  thrown  into  violent  action 
by  the  reflex  excitability  of  the  Automatic  ceutrea;  and  the  treatment 
of  8iich  caaea  must  he  in  great  degree  dii"Qcted  to  the  removal  of  th  in 
excitability,  which  fi-equeatly  depends  upon  some  morbid  condition  of  the 
uterus  or  ovaries.  At  the  same  time,  titers  is  no  doubt  that  an  hnbitimlly- 
perturbftd  state  of  the  Emotions,  and  eapcciaUy  of  thoae  relating  to 
sexual  love  (§  723  note),  has  a  most  decided  influence  both  in  first 
inducing  and  in  subsequently  maintaining  ttiis  automatic  excitability; 
and  that  whilst  mental  tranquillity  and  self-regulation  areiilmoat  esaeutial 
to  recovery,  nothing  promotes  it  so  much  as  the  supervention  of  a  more 
favourable  state  of  tetling,  arising  out  of  the  proejicctive  realization  of 
desires  repressed  or  of  liopcs  doferreiL  Although  Hyateria  is  ao  much 
more  common  in  the  female  than  in  the  mole  aex,  that  it  haa  been  often 
supposed  to  he  peculiar  to  the  former,  and  to  be  eaaentially  connected 
with  some  disordered  state  of  the  generative  function,  yet  there  is  no 
doubt  of  its  occaaiona!  occurrence  in  the  latter  olsoj  and  its  greater 
fre(]uency  in  Woman  nuiy  he  tairly  attributtid  to  the  greater  predomi- 
nance of  the  Emotional  element  in  her  mental  constitution ;  as  well  an  to 
the  circumstance,  that  in  all  that  i-elates  to  sexual  love,  she  ia  frequently 
restrained  by  a  sense  of  decorum  from  giving  outward  espreaaion  to  feel- 
ings which  she  is  secretly  brootling-over,  and  whose  injurioua  influence  she 
isexaggeratingby  the  attention  she  gives  to  them.  Where  the  natural  vent 
is  not  found  for  these  emotions  in  a  reciprocated  attJichment,  the  prin- 
ciple formerly  laid-down  (§  640)  would  imlicate,  that  the  mind  shoidd  be 
led  to  seek-out  for  itself  o(Aw  objects  of  interest  B\;fficieutly  attractive  to 
solicit  its  attention,  and  that  the  jient-up  excitement  should  be  en- 
couraged to  discharge  iteelf  on  these;  and  experience  showa  that  such  m 
a  most  important  part  of  the  cure  for  tliese  states,  provided  that 
motives  can  be  found  of  sufficient  atnength  to  influence  the  Will  to  exert 
its  self-ilirecting  power.* 

711.  The  disorder  of  the  Ideational  process  which  is  induced  by 
Emotional  perversion,  frequently  leads  to  the  formation  of  those  eiToueoua 
notions  of  the  nature  of  the  external  objects  whereby  the  suliject  of  it  is 
environed,  which  are  commonly  terui<.'<\J'a/se  pcrcftjiliiMis.  It  is  not  clear, 
however,  how  tar  the  act  of  Perception  (using  this  term  in  the  sense  to 
which  it  is  properly  restricted,  §  603)  is  itself  perverted  in  such  cases; 
and  it  ia  certain  that  the  source  of  the  distortion  frequently  lies,  chiefly 
or  even  solely,  in  the  Emotional  medium  through  which  the  perceptions 
are  interjireted  {§  C23).  Thus,  a  Lunatic  who  is  possessed  with  an 
exaggerated  feeling  of  Ida  own  imjiortance,  may  suppose  himself  to  be  a 
sovereign  [irince ;  and  under  the  iufluence  of  this  '  dominant  idea,'  looks 
upon  the  place  of  his  confinement  as  his  palace,  believes  hb  keepers  to  bo 
lus  obsequious  officers,  and  his  fellow-patients  to  be  his  obedient  suhjecta ; 
the  plainest  &re  is  converted  into  a  banquet  of  the  choicest  dainties,  and 
the  most  homely  dress  into  royal  apparel.  Hia  condition,  therefore, 
closely  correepouds  with  that  of  a  '  biologized'  subject,  whose  mind  may 
become  '  jmsseased'  for  a  time  by  similar  ideas  through  the  influence  of 

*  For  »  sagacioiu  susItob  nf  tbia  cundiljnn,  «nil  of  tlie  renicxlioB  for  it.  Bee  «  amaU 
trattiw  bj  Mr.  B.  B,  Cutsr  ■'  On  the  PBthologr  mi  Tnatment  of  HjiMria." 
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erternal  auggestioii  (§072),  and  who  is  not  unilecoiyed  by  their  discordance 
with  objectivi!  reitlitids,  because  the  force  with  which  the  consoioiisness  is 
inipi'eased  by  the  latu-r,  is  less  than  that  with  which  it  is  aot»'d-on  by  tho 
fonuer.  Now  and  tlieu,  perliaps,  tlie  lunatic,  like  the  biologized  subject, 
is  visited  by  a  gk-aui  of  conimun-sense,  which  eimbles  him  to  view  certajn 
objects  in  their  true  light,  bo  that  he  becomes  senuble  of  some  incon- 
sistency between  hia  ruil  anil  his  imagiuaiy  condition;  thus,  a  [laticntin 
&  Scotch  {rnupcr- lunatic  asylum,  after  dilating  upon  the  ima^iiary 
splendours  of  his  regal  state,  confessed  that  there  was  one  thing  which  he 
could  not  quite  comprehend,  namely,  that  all  hia  foo<l  tasted  of  oatmeal  I 
— It  is  not  only  in  Insanity,  however,  that  we  witness  tho  Lofluence  of 
dominant  ideas  or  I'eeliuga  in  producing  a  misinterpretation  of  Scnsntionad 
states;  for  wo  have  already  noticed  instances,  in  which  the  aanio  influ- 
ence was  apfiarent  in  the  ordinary  working  of  the  sane  mind  (§§  600.  SOI). 
Tlic  foUowiug  example  of  such  an  influence,  affecting  several  individuals 
fiiiiultaneoualy  in  a  similar  manner,  is  mentioned  by  Dr.  Uibbert  iu  his 
well-known  Treatise  on  Apparitions.  A  whole  sliip's  compauj  was 
tlirown  into  the  utmost  consternation,  by  tho  apjiarition  of  a  cook  who 
had  ilied  a  few  days  before.  He  waa  distinctly  suen  walking  a-hcftd  of 
tho  ship,  with  a  jieculiar  gait  by  which  he  was  distinguished  when  alive, 
through  having  one  of  hia  legs  .ihorter  than  the  other.  On  steering  the 
slup  towards  the  object,  it  was  found  to  be  a  piece  of  floating  wreck. — 
Mnjiy  similar  cases  might  be  referred-to,  in  which  the  imsgiuatiou  has 
workeil-up  into  '  apjjnritions '  aurae  common -place  objects,  which  it  has 
invested  with  attributes  derived  from  the  previous  mental  state  of  the 
observer;  and  the  belief  in  such  an  apparition  as  a  reality,  which  usually 
exists  in  such  cases,  unless  antagonized  by  an  effort  of  the  reason,  consti- 
tutes  a  drliutiun.  The  origin  of  such  lielttsloTta  \a  thus  essentially  Cei-obml ; 
whilst  that  of  pure  iUiuiojui  is  jirobably  Sensorial  {§  71'j).  In  many 
eases,  however,  there  is  probably  a  disordered  actioii  of  l-oih  ci^ntres  from 
the  same  cause,  as  is  obviously  the  case  in  those  forms  of  Dcliriiuu  which 
have  a  toxic  origin  (§  702).* 

712.  Without  any  Mental  perversion  indicative  of  either  structural  or 
functional  disorder  of  tho  Cerebrum,  there  nuiy  exist  a  partial  aeveranoe 
of  its  connection  with  the  motor  appoi-atus;  ho  that  there  is  a  weakening 
of  Volitional  jxiwer  over  the  muscles,  whilst  they  still  remain  amenable 
to  the  Htimulus  of  Emotion,  wliich  seems  to  proceed  ininiediat«lv  from  the 
Sensory  Ganglia ;  and  in  such  cases,  as  might  be  expected,  the  influence 
of  sensory  impressions  iu  dii-ectly  exciting  muscular  movenieuts,  is  voiy 
strongly  marked.t     Of  the  preciae  alterations  which  give  riae  to  thdM 

*  Two  intorwting  Essayu  'in  '  HBllacinntionB,'  bj  H.  Mjph&i  anil  BulWser,  mil  t* 
found  iu  "Mlim.  <le  ['AcikI.  Koj.  dv  Midtdae,"  bini.  lii. 

t  Of  this  I'uriuuH  stati^  the  fulhiwing  exuuiiile  wu  commDiiinleil  to  Uie  ABthcr, 
■amo  y«iLnt  tiniii?,  bj  his  frieuil  Dr.  N'ubli>.^"Mr.  R.  let,  41,  of  a  nsgaiat!  UFnuiu  I«iB- 
pemment,  n  iitAmeii  mail,  ood  fathi!r  of  HevEral  children,  thu  joiuipeA  b^ing  hqt  tn 
months  old,  cihihJt^J  the  fulluwing  rijrujit^tniH,  HrKl  cijK^riirDoeJ  hi  &  blight  ilt'cTce  ■boiil 
five  jenn  »go,  and  mnco  tboa  having  bMoam  much  nggtnntijd,  tht  clioiu  liKTiiig  tpjm- 
renlij  h«n  nttninwl  iihont  two  jnain)  ngo.— Thcrp  wu  pnrlial  poraljsU  of  lolunlWJ 
motion  upirn  the  Ipft  aidt,  exhibiting  under  ordiaary  circumataiiceA  the  cujilomkry  jji^w- 
tuvDA;  hnt  vitli  this  p^r^uli^irity, — that  nltlioii^h  Volition  w^  eomjAratiT^ly  pv«wti^\ 
any  inoidenl  eicitor  tinpreiifijon  of  nii  nnu^uA]  fboJTielor,  bj  eiciling,  4fl  it  irtrv,  Coo- 
xensual  aution,  would  givv  rileet  t»  thu  voluiitArj-  inleulion ;  thnf,  when  the  aSn:t(il  am 
was  nued  by  annlhec  to  a  i-ertain  Iieight,  tho  palieul  wu  uiuihlo  by  men  rulitiim  ta 
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peculiiir  conditiona,  nothing  whatever  is  known; — Nearly  alllud  to  this 
statu  ifl  that  which  gives  rise  to  tlie  '  jactitntiug  uonvnlaion,"  interfering 
with  volitionul  inoTemacit,  wliich  la  kuown  as  Chorea.  On  the  physiolo- 
gicial  views  here  mlvocattd,  tliia  disease  must  be  regarded  ua  eonaiating 
essentially  iu  the  diniiiiution  of  the  power  of  the  Will  (exorted  through 
the  Corobrum)  ovt-r  the  miiacular  apparatus,  concurrently  with  an 
augaitmteJ  unii  perverted  activity  of  the  Sensori-motor  centres.  That 
its  special  seat  is  at  the  Huiiiiiut  of  the  Ci'anio-Spinal  asia,  where  it 
comes  into  connection  with  the  Cerebrum,  would  iipi>car  from  several 
considenttiona,  particulwly  from  the  interruption  of  voluntary  power, 
the  aggravation  of  the  movements  by  emotion,  and  their  cessation  during 
sleepj  the  two  latter  facta  being  inconsistent  with  the  idea  that  the 
proper  Spinal  contrea  are  essentially  involved,  although  they  are  fre- 
ijuently  affected  coincidently  or  subsequently.  The  Choreic  convulsion 
ia  occasionally  hemiplegic;  and  it  sometimes  gives  place  to  paralysis, 
which  is  seldom  complete,  however,  and  may  usually  1)6  cured  by  uppro- 
jiriate  treatment.  This  di-^onler  appears  generally  traceahie  to  a  state 
of  imperfect  nutrition,  dependent  upon  a  depraved  aud  perhaps  a  poi- 
Boue<l  state  of  the  blood,  rather  than  to  any  organic  lesion.*  Not 
uufrequently,  the  delect  of  nutrition  seems  to  act  as  the  '  prediajyosing 
cause'  of  the  disease;  the  attikck  being  immediately  traceable  to  mental 
einotion.t— But  there  are  other  states  of  less  intensity,  iu  which 
Emotional  excitement  has  a  morbid  power  of  inducing  muscular  move- 
ments; and  this  not  through  any  deficiency  of  due  contrcd  over  the 
feelings,  but  ollen  concurrently  with  a  want  of  power  to  bring  the  Will 
to  b^r  upon  the  muscles.  Thus,  there  are  individuals  not  at  all 
remarkable  for  their  emotional  excitability,  who  cannot  avoid  making 
the  most  extniordinary  grimaces  whenever  anytliing  happens  which  in 
the  Icjut  disturlu  their  usual  equanimity,  notwithstanding  that  they 
miiy  put-forth  all   the  efforts  in  their  power  to  prevent  these.}     The 

elevate  it  still  more ;  bat  it  tbe  liiini!  were  tmnrtly  atmok  or  blown-npon  either  bj  liiimielf 
or  bj  nniither,  iDnfeiafiiit  uf  a  rapiil  i^hnnicter  nuBld  aX  once  eneac,  and  that  bio  in  uon- 
formit;  with  the  rolitiuoal  tiffirrl.  Upon  ioqnirj,  moreoTer,  it  appeared  that  anj  dd- 
woDl«il  impreHaioa  opon  the  iotunial  aa  well  as  tbe  extemiLl  HeuHeH  wua  capable  of  feaHiDg 
to  a  realiiatiun  uf  th«  effort  vainly  at.leiu|iled  bj  Itie  luurB  Will ;  hence  by  accouipliitbiiig 
the  cuiDmeii'.*euieut  r^f  a  rvi  vt  tnrf  hy  aid  of  Hijme  undue  Impreaiiiua,  he  could  ^o  irn  ;  he 
atat«ij,  ou  the  CAW  Ix^iu^  pr'jpotcd.  that  if,  Id  utter  pnraljaiii  of  voluntary  power  over  the 
mDBolc»,  a  hundreii -pound  not«  were  suddenly  placed  before  hiu  viRiua,  and  be  were  told 
that  un  (eiiing  it  the  same  jihould  be  his,  he  sliiiuld  at  onoe  be  equal  to  the  re<|iiiiile  effort. 
~-WhCD  in  health,  Mr.  R.  stateil  tliat  he  hod  vceellent  eoDtrcdling  power  uier  the  Emu- 
tiona,  but  that  now  the  pEea^arcaud  tbe  pjtiL  Attendant  n[>on  their  cxdtetion  were  eial1«*l, 
and  the  conaoaHuat  phenomena  qaite  irreaistilile ;  and  on  further  inquiry  it  a[r{ieHT«l  that, 
la  the  matter  o(  laughing  an^l  er^'iu^',  he  exhibited  very  mnirb  of  tbe  hytfl4:rical  condition. 
In  earljt  life,  Mr.  R.  haJ  Leea  what  i»  callLii  a  ftve  liver ;  lutb  in  regard  to  wouieu,  and 
to  alooliolie  itimulantii." 

*  Ses  Or.  Todd'a  Lumleiao  Lectures  '  On  the  Pathology  and  TreatmiHit  of  Coovulaive 
DiaUMa'  in  the  "  Medical  Gazette,"  Apri]  20  and  27,  1849. 

■f  A  ramarkable  namtier  of  caaea  uf  Choren  were  admitted  iato  the  Briitol  Infinnarf 
within  a  few  wevki  afler  the  memnroble  Eiota  of  183H. 

X  The  Author  ban  at  preKut  a  caao  under  bia  obaervation,  in  which  not  merely  tho 
fiu^,  but  the  bitdj  and  limba,  are  thrown  into  the  mitat  extraordinary  ciutortioua,  vpon 
any  tufitntioo  of  tbe  feelings,  h.iwe»er  trifling.  Thin  gentlciuiio,  a  mwi  of  oiucaliou  and 
intelli^nce,  of  exlrouie  beoeVDlenc<>  uf  chaincler,  one]  a  mind  hatiitually  woll-reguloteil, 
(!au  scarcely  walk  the  streets  without  being  liable  to  the  ioductiou  of  paroxysma  of  thia 
kind,  by  CAtuea  that  could  Kartely  have  been  Buppo^ed  capable  of  thus  opcratiuij.     For 
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genenJ  musciUiir  agitation  of  the  confirmed  Stammerer  (§  821)  is  another 
case  in  pniiit;  liute  wo  have  a  deficiency  in  the  power  of  the  Will 
over  the  Musolea,  at  liret  iliB])lnyi.'il  only  in  regard  to  those  of  Voice; 
hut  when  feelincia  ofdiacomfort  liBve  Iwen  arouaed  by  the  fivilura  ofj 
attempts  to  articulate,  this  vraut  of  voluntary  control  extends  itself 
to  the  mnscular  eyatem  in  genend,  which  in  thrown  into  a  sort  ofi 
piLToxysmal  effort,  that  ttaually  sulwitlee  only  with  the  explomon  of  th« 
detiiderati^  sound. 

713.  The  Sensory  Ganglia,  collectively  constituting  the  SvwcWunt, 
may  be  regarded  as  the  most  essential  port  of  the  EncephaJon;  since  we 
find  them  fully  developed  in  animala  which  scarcely  [cjaseas  a  rudiment 
of  a  Cerebnim,  and  presenting  the  same  relative  condition  to  the  latter 
in  the  early  enihryo  of  Mitn.  They  directly  receive  the  neires  pro- 
eoeding  from  the  organs  of  Special  Sense,  eueh  pair  of  which  lins  its 
own  diatinct  ganglionic  centre;  and  they  receive  alao.  through  the  (so- 
called)  Crura  Cenihri,  the  nerves  of  'common  sensation,'  whose  gan- 
glionic centre  appears  to  lie  in  the  Tlialami  Optiri.  Tliey  give-off  a 
large  number  of  motor  fibres,  which,  descending  through  the  Crum 
Cerebri,  are  distributed,  with  the  fibres  proceeiling  from  the  Spinal 
ganglia,  through  the  vurioua  motor  trunks,  to  the  muscular  system 
generally.  On  the  other  hand,  by  one  Jiet  of  the  radiating  fibres  o:' 
the  Cerebral  8ubal4U3ce,  they  transmit  sensorial  impressions  upward*  tff 
the  vesicular  aurface  of  the  Hemispheres;  whilst  conversely,  by  its 
descending  fibres,  they  receive  the  impressions  trananiitted  downwardj 
from  the  Cerebral  ganglia;  anil  they  thus  constitute  the  niedjum  hy 
which  alone  the  Cerebrum  communiL'ates  with  the  Organs  of  Sense  on 
tlie  one  hand,  and  with  the  Muscular  apgiaratiis  on  the  other. — Tht) 
Sensory  (janglia  must  Ije  i-egarded  as  collectively  forming  the  Seiisfrium, 
through  whoao  instrumentality  the  Mind  is  rendered  conscious  of  im- 
pressions made  on  the  Organs  of  Sense ;  and  rensona  have  been  advanced 
for  the  belief,  that  it  also  serves  aa  the  instmmont  whereby  the  Con- 
sciousness is  affected  by  Cerebral  changes,  which,  in  so  far  as  they  take 
[ilace  independently  of  the  Will,  are  the  cause  and  not  the  oonsequenoo 
of  Sleutal  activity.  This  impression  on  the  consciousness,  when  made 
by  an  external  agency  operating  tlu'ougb  the  sensory  nerves,  b  that 
which  is  known  as  Sejisalion:  but,  when  produced  by  Cerebral  cluu^es, 
it  constitutes  Ideal'wn.  With  these  states  of  consciouaneas  are  dirertty 
aasociated  the  simple  feduujt  of  pleasure  and  [laiii,  together  with  other 
modes  of  sensibility,  which  ai-e  designated  hs  vEsthotic,  Moml,  Emotional, 
Ac.;  together  with  that  direct  perception  of  realiiy,  whether  iu  the  ejtter- 
nal  universe  (objective),  or  in  the  world  of  ideas  (Hiilijuctive),  which  b 
tiTmed  IiiiuUioii.  The  seat  of  affections  of  the  consciousness  which  ar« 
ao  directly  linked-on  to  Sensations  aa  with  diUlculty  to  be  Beparaled 
fi^m  them,  can  scarcely  be  other  than  Sensorial. — The  'reflex  action'  rf 
the  Sensory  Ganglia,  which  proceeds  from  their  own  independent 
activity,  is  mauifested  in  all  those  aulmnatic  movements,  which  am 


i 


•um|)le,  bo_«u  one  A^j  %eaxA  b;  one  of  these  attarki,  id  conaequanM  of  mcjd^  ■! 
nJU]  miu  hiB  footiug  (fia  be  Lhougbt)  iq  JesfltjiKliiij:  frum  tb«  to\-  of  ui  amnitiu;  >nd' 
the  [i]«uuriililc  I'ldU-uii^ut  <>r  luwtiiie  &  rmuil  usuiilly  inilnrea  thu  midh  nwatt.  ^M 
taodonc;  TariL-i  thij  cuiuiJeiBbljr  iu  ilB  dvf^rcE,  uccunliug  (u  the  iieDenl  ninilhiiai  of  Ul 

health. 
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OKcitcd  Uiroiigli  Bensations,  and  wliich  miiy  hence  be  designated  bb  ecm- 
tKUuiU  or  nciiM/ri-iitolur.  Theite  nctiona  are  but  little  uoticed,  in  Man, 
in  the  active  stfito  of  lijs  Cerebrum;  for  the  automatic  mo vum en ta  on 
which  the  miunt^ nance  of  Ills  oi^ntc  functioofi  is  immediately  depen- 
dent, are  provided-for  by  the  Sjiinal  centres;  iind  the  purposes  which 
are  answered  in  the  lower  aiiimalB  by  the  liigher  order  of  Instinctive 
actions,  are  worked-out  in  him  by  the  luteiligenoe.  There  ia,  however, 
&  large  group  of  secondarUy-autontaCic  movements,  which  though 
originally  determined  by  the  Will,  are  brought  by  habit  so  far  under 
the  direct  iufiiience  of  Bcnsotions,  that  thoy  continue,  whilst  prom])tetl 
and  guided  by  the  latter,  after  the  Will  has  ceased  to  act — Tliu  ofiera- 
tioo  of  tlie  Sensory  Ganglia  in  Man  ia  usually  subservient  to  that  of  the 
Cerebrum;  for  the  influence  of  Seusationul  changes,  being  propagated 
upwards  to  that  organ,  excites  further  changes  in  it;  these,  reflected 
downwards  to  tlie  Sensori-motor  centres,  become  the  sources  of  idea- 
tional or  of  eiaotional  movements;  and  the  determining  [wwer  of  the 
Will,  in  producing  volitional  movements,  is  exercised  through  the  same 
channel.  It  is  a  remarkable  indication  of  the  part ici [nation  of  the  Senso- 
rial centres  even  in  volitional  movements,  ttiat  these  cannot  be  executed 
save  with  the  concurrence  of  g^iid'uuj  seit^atwiia. 

71i.  The  extent  to  which  the  Benaoiy  CJanglia  may  act  as  independent 
centres  of  action,  is  beat  seen  in  cases  in  which  the  functions  of  the  Cero- 
tirum  are  entirely  in  abeyance.  This  may  happen  through  congenital 
defect,  as  in  some  cases  of  complete  Idiocy,  especially  among  the  Cretins 
of  the  '  first  degree,'  who  spend  their  whole  time  iu  basking  in  the  sun  or 
aitUng  by  the  fire  (experiencing  merely  sensorial  pleasure),  and  who  show 
BO  higher  truces  of  intelligence,  than  is  evinced  by  their  going,  when 
excited  by  hunger,  to  the  places  where  they  have  been  accustomei!  to 
receive  fo(>d.  It  may  occur,  too,  as  a  couse<iuonce  of  disease  or  injury. 
Of  this  we  have  an  example  in  a  case  mentioned  by  Cr.  Kush,  of  a  man 
who  was  BO  violently  aifected  by  some  losses  in  trade,  that  he  was  deprived 
almost  instantly  of  his  mental  faculties;hedidnot  take  the  slightest  notice 
of  anything,  not  even  eijiressing  a  desire  for  food,  but  merely  receiving  it 
when  it  was  put  into  his  mouth;  a  servant  dressed  him  in  the  morning,  and 
conducteil  him  to  a  seat  in  his  parlour,  where  he  remained  the  whole  day, 
with  his  body  bent  forwards,  and  his  eyes  lixed  on  the  floor ;  in  this  state 
he  continued  for  five  years,  and  then  recovered  completely  and  rather 
suddenly.  The  well-known  case  of  a  sailor  who  suffered  for  more  than 
R  year  from  depressed  fracture  of  the  skull,  and  waa  at  last  rcstoreil  to 
his  normal  condition  by  the  elevation  of  the  depressed  hone  (wliicli  was 
effected  by  Mr.  Cliuo),iUTords  another  illastration  of  the  some  suspension  of 
cerebral  activity,  without  the  loss  of  seuBoriol  [lower;  this  man  passed  the 
period  between  the  accident  and  the  O])eratiou  in  a  condition  very  suoilar 
to  that  of  the  subject  of  the  preceding  case ;  and  after  liis  recoveiy,  the 
whole  intervening  space  was  a  perfect  blank  to  his  recollection.  The  most 
remarkable  example  of  this  condition,  however,  yet  put  on  record,  is  a 
caae  which  occurrid  a  few  years  ago  under  the  observation  of  Mr.  Dunn,* 
of  whose  excellent  account  an  abridgment  ia  here  given,  for  the  sake  of 
illustrating  the  nature  of  a  purely  aciinunal  and   inalindim,  as  distin- 

*  -  Luoet,"  NoY.  IS  and  39,  IStS. 
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gainhcd  from  an  inletliyenl  cxisteuco,  aad  the  graiiual  nature  of  thsj 
tmiiaitiou  from  the  one  to  tlie  other.*     A  very  similur  condition  pres«nu1 

*  The  aubject  of  this  ame  wiu  a  young  v-nmui  ur  robust  coustitntlua  tuid  gimd  beolth,  I 
nbii  luxiileutsll;  fi^ll  iiilu  a  rivor  luiil  won  iienrty  liruwiiMl.  ^bu  reuiaiued  iuaeoalile  Tirl 
tin  btmrH  iift^t  tltu  jmnionirju  ;  but  rct'ovcrvd  no  fnr  ui  to  bo  uble  to  giv«  some  lUNzgoal  of 
llm  lUTiJpnt  and  uf  ber  aubse'iucut  foliuga,  though  alio  ponlinned  I'nr  from  well.  Tea 
•iaya  eubamyaeallj.  liuwever,  slie  u'lui  seiii'il  with  a  lit  <if  ix>m|>lut«  Btui>ur,  wliidi  luted  for 
fijur  br>urs  ;  ai  Lbo  oud  uf  which  time  she  u|Kiied  hvr  cjea,  but  tliil  not  scciu  tu  rawgniM 
any  uf  hur  frienda  jirunuJ  bur :  &nd  nbt:  a]i|iejirtid  to  be  uttL^rly  Joiirivt^  of  the  HCnaoi  of 
hoariDg.  tw^  fmil  lUDell^  aa  «irll  ah  ff  tbu  xK)WGr  of  B[reech.  £l*:r  menlAl  fai'ultiea  womed 
to  be  entirely  BUnjicudeJ ;  bar  only  mnlinm  of  ciiuiinonlMtiun  with  the  EitvninJ  worid 
being  through  tlie  uuseii  of  eight  nud  touch,  nulthoc  uf  whish  appeared  tu  hi-uuh  iilrru  in 
hi;r  mind,  thongb  ropundent  mocrntenTi  uf  lariuus  kimia  were  tiL'ilcd  through  Ihfnt. 
llur  viaioij  at  abort  dit^tiiu^^'^  wd?  quit:k ;  and  j»u  gr^i  win  the  einltAtion  of  the  geaerftl 
Bcuaibility  iipiiii  the  aurfjioe  of  the  l>ody,  that  the  alij^bt^t  toiieh  vould  atfirtle  her;  «till, 
unless  alio  wiis  tuueheJ.  or  ftn  object  or  a  peraun  WM  so  pinoal  thut  ehe  euulJ  util  hdp 
aeeiuE  the  one  or  thu  other,  ahe  njipenreil  U>  ho  qnitv  lost  Ut  everything  that  iras  puHng 
arotfud  her.  She  bad  no  notion  that  ahe  waa  at  home,  not  the  leofit  knowledge  of  aayUiiog 
alfuut  ber;  ahe  did  not  evuu  kuow  her  own  uiothur,  wha  attended  upon  her  with  thfl  DHSt 
uuwearied  uuiJuity  and  kindDess.     WIiereTur  ahe  was  placed,  there  she  reuuunnl  daiiii( 

the  day Her  njijietite  wan  gcH>d ;  bnt  hnving  ucltlier  tiute  Dor  unell,  >he  *t« 

alike  indilforently  whatever  the  ym  fi<d  with,  and  took  nauavoua  mcdi^rinee  a4  readily  M 
d^dicioHi  vinudB.  Ail  the  nntomatio  muvemouta  nnconuccltil  with  senaation,  uf  whieh  iha 
Bpinal  ?urd  ia  the  inatrunient,  aeeoied  to  go-on  H-ithont  Interference;  as  did  ftUii  tfanaa 
dependent  u|kib  the  K-nentiuUH  uf  night  and  touch ;  whilal  the  fnn{^onB  uf  the  otter 
ganglin,  together  with  tboMu  uf  the  eerebr^  heuii^pbereH,  appeared  to  be  in  oompleto 
abeyance.  The  analrsia  of  the  fnela  staled  r^ordiug  her  iDgcstion  of  food  aeenu  to  ouka 
thia  clear.  She  ewailowed  food  when  it  was  put  into  her  luuuth  ;  lhi«  wns  a  porely  anto- 
inatic  ni.-tli)n,  Uie  reception  by  the  lips  being  imibsMy  eicitfd  by  acnxatiDn,  whilst  tbt  aet 
of  duglutitiou,  when  the  food  is  curried  within  rea^h  of  the  pharyngeal  muDcIvd,  ia  exelted 
wilhoiit  the  neccaaary  concurrenCB  of  eenaation.  She  made  no  flpoiilaneons  effort,  howeTer, 
to  feed  herself  with  the  B[Hx>n ;  ahowing  that  she  had  nut  even  thnt  aimple  idea  uf  helping 
herself,  which  infuntii  so  earl;  acquire.  Jtut  after  her  mother  bnd  couyeyHl  the  (pMo  ■ 
few  tiniea  to  her  motitli,  atid  had  thus  caused  the  muacniar  action  to  bwomc  aaaoaatol 
with  the  Kensorial  stimnlua,  thi:  patient  continued  the  oj>eraticrii.  It  appeArH,  buwifneTi  to 
Iinvc  bit:  1  uecessnry  to  repeat  thia  lesson  ou  every  oi'wuiiiiu  ;  eLijwiBg  the  complete  ataMM* 
of  memiiry  fur  any  idea,  even  uueao  tiiopleand  «>  immediately  eounected  with  the  npplyef 
the  bodily  wanta.  The  difference  betwecu  an  iiulincf  and  a  dtfirr  or  ['r^ptiiair^,  hervluforv 
dwelt'On  (^  5^61,  619),  ia  here  moat  titrikingly  mnnifeateil.  Thia  patient  had  an  inatinctiw 
tendency  to  ingest  food  ;  aa  ia  ahowu  by  her  jierfomianoe  of  the  action!  already  alloded-to; 
but  theiie  actions  rcquirevl  the  atimnlus  of  the  prcaent  seuaation,  and  do  not  oeeia  to  haia 
Iwea  conuecled  with  any  noliim  uf  the  character  uf  the  objeet  a>  /uuil;  at  any  nte,  tha* 
vroa  no  manifeHtation  uf  the  eiietence  of  any  snch  notion  or  idea,  for  ahe  diaplajrcd  no 
iltJiire  fur  /uuii  or  drink  in  the  abseu*:^  of  the  objects,  even  when  ahe  most  hate  been  eau- 
iH'ioUB  of  the  unuEiay  eenaations  of  hunger  nud  Ibimt.  The  tery  limited  miturv  it  bet 
faeultiei,  and  the  outoiaiilic  life  ahe  was  leading,  appear  further  evident  &om  llie  fullcw- 
ing  particulars.  One  of  her  tiral  acta  on  recovering  from  the  fit,  hod  been  to  bnsj  h«elf 
ill  picking  tlie  bed-clotliea ;  and  u  auoo  oa  the  was  able  tu  dt-np  and  he  draanad,  ibe  eon- 
tinued  the  Imbit  by  incesiuntly  picking  aonie  {Mrtiun  of  her  dnoa.  She  nuriiii  i1  lo  want 
aa  occiipiitii>ri  for  her  Ungcra,  and  uecuniiriglj  part  of  on  old  atiaw  luanet  was  (iina  la 
lier,  which  ahe  ]mlleii  iuto  pieces  of  great  luinuteneae;  ahe  vaa  afterwards  bon&13fid?T 
auppliud  with  pMea;  she  picked-olf  the  lenvea,  and  then  tJire  thorn  into  the  emalltft 
jtortietea  imaginable.  A  few  daya  aubsequently,  she  begao  forming  upon  the  table,  ont  ef 
these  minute  i>articlt»,  rode  figures  of  roses  aud  other  common  gurdcn-flowen ;  ahe  had 
ne>er  received  any  instmctiuna  in  drawing. —  Uueea  not  being  >u  plentiful  in  Loodun,  vwtc 
]Aper  and  a  juiir  of  eciasum  were  put  iuto  her  bunds ;  aud  fiit  some  daya  ahe  funnd  u 
0[jeu[intji.iii  in  cutting  tbij  pnpf^r  iuto  ribre^ln;  aftj!r  a  time  theee  euttiuga  a^mued  rudi 
figures  and  ahiipe»,  and  mure  particuLirly  the  ahnpes  used  in  iiatchwurk.  At  lenglh  ibt 
waiauppUed  with  proper  mnt^'rinla  fur  |>stohwurk:  and  after  some  iuiliatnrj  iiiHrneUca, 
she  took  to  her  needle  and  tu  this  employment  in  good  earnest.  She  [low  Inboarnd  isc«- 
HAutiy  at  (uit^'hwurk  from  morning  till  uigbt,  and  on  Sunilnya  and  ^eek-daya,  Pr  aba 
knew  Uu  didererice  uf  daya :  nor  cmld  she  lie  mode  to  eomprehcdiil  the  diffetvucv.     fht 
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itaelf,  ns  the  rosalt  of  tho  complete  exhaustion  of  Cerebral  power,  in  thosie 
extrt'ino  forms  of  Deini.'ntitt,  or  rather  Amentia,  wliicb  are  frerjiicntly 
cionsec]ueDt  upou  rep<;atod  attacks  of  Munio,  or  a  long  succession  of 

had  no  reiDpmbTaDoc  from  Aixj  to  day  of  wlio-t  she  bod  been  doing  on  thfl  provLoiia  iHa^f, 
ftuil  •>  <Tery  murniug  PommcneeJ  de  noro,  WhsUirpr  shu  bepin,  Ibnt  ahe  conljniied  to 
vurk-Ht  wbilc  dii;IIgbt  install;  iiiaQif«itiD(;  ao  uaesnineBB  Tur  nnj'thiuii;  lu  eat  ur  lirink, 
tAkJDii!  nut  the  ali^^bU'rit  bufid  uf  AuytUiug  wbi4.'b  wiu^  Kuing-oD  around  her,  but  Lnt*7at  only 
cp  bur  lat^hwirrk^  Sbti  grnJmUly  ti«gau,  liki^  3  child,  tir  rt^gintiir  ideiis  ^lud  acquire  GSfK;- 
rignc«.  Tbis  von  Brat  tbuwn  in  cuonexiuu  witb  ber  inniiuiil  o<;na[inT.loii.  From  pati-li- 
work,  aSier  bniinK  eibnuiled  all  tbe  miteriiiU  witbia  her  ivaiti,  "bo  naa  led  U>  Ibp 
higber  nrt  of  woruted-vork,  by  which  her  attention  wiu  a^n  engrow>ed  on  conHtantly  ak  it 
bail  before  been  by  her  hnmbler  employment.  She  was  lieli^bted  with  tbe  colnura  Bud  the 
lIowKrs  ii[«m  tbe  patlems  that  were  brought  to  her,  and  necnicil  to  derive  B]«.-Pinl  enjoy- 
ment frihin  thii  harmony  of  colours  ;  nor  did  abe  ivnceal  her  want  of  reiipect  towiirdt^  nny 
•pecimen  of  wfrrk  that  waa  placed  before  her,  bat  iiomeiliatelj  threw  it  aaide  if  tbe 
■ranfemeut  diiiiilea»eil  bur.  She  Btilt  had  no  riToUeotiou  from  day  to  day  of  what  she  hail 
done,  and  ei-ery  morning  b«gaD  numelhing  new,  unleae  ber  uiifint«lied  nurk  wai  jdued 
bvfure  her ;  and  after  imilatinic  tlie  fattorna  of  otbora.  ube  bepaa  deTimng  Home  of  her  own. 
The  tirat  uirta  derived  fr^^m  ber  former  eicfrerifiK^,  that  seemed  tu  he  awakeoefl  within 
her,  were  oonnected  with  two  aubje.-ta  which  hail  nntnmlly  made  a,  strong  iinprejuLon  npon 
her;  namely,  ber  full  InCu  the  liter,  nnd  n  loTe-aOiiir.  It  will  be  ohTiooa  that  her  pleuium 
in  the  aymmctricjd  arrangeiuent  of  pattema,  tbe  harmony  of  rolourv,  &c.,  wan  at  lirat 
Dimply  jntorittl;  bnt  ahe  gmdually  took  an  interenC  m  looking  at  pictnrea  or  printa,  more 
eBpK^lly  of  llovere,  trees,  and  aniiiuils.  When,  however,  the  waa  abown  a  laudKcnpe  in 
wbich  there  was  a  river,  or  tbe  view  of  a  tronbled  aen.  ahe  became  inteuiiely  eirlted  ard 
violently  agitated,  and  one  of  her  fita  of  apoamodic  rigiiUty  and  iuaenAibility  imme^liately 
followed.  If  tbe  picture  were  nraoved  Injure  tlie  paroiynm  had  Bubuuled,  she  mauifvated 
nu  rwoUection  of  "hat  had  taktn  plnce;  hnt  ao  great  was  tbe  feeling  of  dread  or  fright 
DasociaUit  with  water,  that  the  mere  eight  of  it  in  ntotiou,  ita  mere  running  from  ouif 
vessel  to  anotber,  made  her  shudder  and  tremble;  and  in  the  aet  of  vuahinp  her  bands 
Ihty  were  merely  placed  in  waier.  From  thia  it  moy  Iw  inferred  tbat  aiuijile  iJma  were 
now  being  f>)rtneil ;  for  nhilit  the  actual  sight  or  contact  of  moving  water  excited  theui  by 
the  clirert  aenaorial  chaanel,  the  pight  of  a  picture  attaining  a  river  or  water  in  move- 
meot  could  only  do  ao  by  giving  rise  to  the  notion  of  water.  From  an  enrly  atnge  of  her 
iltnea  she  hail  derivetl  ovideut  pieaaure  friun  llie  proiimitj  of  a  yoniig  man,  Vi  whom  she 
had  beea  atUelied ;  he  waa  evidently  an  object  of  inlei-eat  when  nothing  elae  would  rouae 
her ;  and  nothing  aeemeil  to  give  ber  ao  much  jdenaure  aa  hia  presence.  He  came  regularly 
every  ovening  1«  aee  her,  and  she  aa  regnlnrly  looked  for  hie  coming.  At  a  time  when  aliti 
did  not  retueiobor  from  oue  honr  to  nuother  what  she  wan  doing,  she  woulil  look  auxlctuly 
for  tbo  opemng  of  the  diHir  about  the  time  he  was  accustomed  to  pay  her  a  viait ;  and  if 
be  come  Dot,  she  woa  lidgetty  and  fretful  througbiiitt  tbe  evening.  'When  by  her  removal 
into  the  country  she  hist  aight  of  him  for  aome  time,  shu  liecMue  unba]!py  ami  irriljiblc, 
manifesleil  no  pleasure  In  Anything,  and  auncred  very  frdjoentl;  from  £W  i>f  spOAiuodic 
rigidity  and  innensibihty.  When,  on  the  other  hand,  be  remained  constantly  near  her,  ahe 
Impnived  in  bttdily  health,  early  aasctciations  were  gndunlly  awakened,  and  her  intellectual 
power*  and  memory  of  wunls  jirogreaBivaly  returned.  We  here  »ee  very  clearly  tiio 
CompMite  nature  of  Ibe  emolinu  of  Hflection.  At  hrat,  there  wis  ilmplo  pleasure  in  the 
proebce  of  her  loirer.  excit4Ml  by  the  gmtlfication  which  tbe  impress  of  former  oaaociationtt 
bail  connected  with  the  trttibiliGn,  Aftcrwardit,  however,  it  woa  evident  that  the  pleii^urH 
be<»me  connerteil  with  the  iiltii;  she  thoaghl  of  him  when  alwent,  eipirLed  bin  retnm 
(even  shihwing  a  p*iwer  of  meaaniing  tjnie,  when  she  had  nn  mumory  for  anything  else), 
oud  nianifesE^d  diacomfLtrt  if  he  did  not  make  hia  appearance.  Hero  we  see  tbe  true 
einfttion,  namely,  tbe  aKSooiation  nf  plea.Hnre  witb  the  tiUi ;  and  the  manner  in  which  tlie 
dairr  would  (priug  out  of  it.  The  desire  in  her  then  mndiliim,  would  be  inojieralivo  in 
Ckoaiug  Tuluntjiry  movement  for  it*  gratification  ;  simply  because  there  wiu  no  Inli^tlect 
fur  it  to  ftct  irp<.m.  Her  mental  fK>wcra,  however,  were  gradually  returning.  ?he  took 
grBkter  heed  of  the  olijecla  by  which  ahe  was  aurroundeil ;  nnd  on  one  occaaion,  seeing  her 
mother  in  a  state  of  eiceeBire  agilation  and  grief,  she  Ijecamc  exdted  herself,  and  in  thu 
MDotinaa]  excitement  of  the  moment  nnddeoly  ejaeulated,  witb  aome  hesitation,  "  W^hst'a 
tbe  matter  f  Fn>m  tbis  time  ahe  Ifegan  to  articulate  a  few  worda;  but  ahe  neither  called 
pemiDB  nor  thiu(pi  by  their  right  nnines.     The  pronoun  ■'  this"  was  her  tavonrile  word  ; 
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Epileptic  aoizurcB.     And  it  is  alao  worth  notice,  tlmt  the  "  picking  &t  th« 
bed-clothes,"  which  is  ao  frequently  seen  towards  the  clone  of  life,  is  &1 
purely  couaeiisunl  moviMiiant,  the  performance  of  which  le  un  indicatiottJ 
of  the  toqior  that  bu.i  supervened  upon  the  fiiuctionid  activity  of  thai 
Cerebrum,  and  is,  therefore,  a  moat  nnfavourablo  Bymptom. 

715.  AbnoTiiiinl  Modun  of  Seiworir Motor  Activity.  —  It  is  the  Stn- 
atmuin  that  is  primarily,  and  (it  may  he)  solely  affected,  iii  the  state  of 
Coma;  which  only  dilTora  from  ordinaiy  Sleeji  in  the  complcteuesK  of  tho 
BUBjwnsion  of  the  functional  activity  of  tho  Sensory  Ganglia.  This  sus- 
pension not  merely  prevents  impressions  transmitteJ  from  the  organs  of 
Bense,  from  affecting  the  consciousneiss  as  Sensations;  but  it  also  inter- 
poses the  Bimie  obstacle  to  that  mental  rocoguiticin  of  Cerebral  changes, 
which,  when  the  Seusorium  is  closed  to  the  outer  world,  constitutes  the 
state  of  Dreaming;  and  thus  the  comatose  subject  is  not  merely  inwin- 
Bible  to  external  imyiressiona,  but  is  cut-off  from  all  perception  of  self'-^J 
existence.  There  seems  reaiuin  to  hplieve,  that,  in  the  simpler  forma  of^l 
coma,  such  as  we  frequently  moet-witb  in  Hysterica!  subjects,  there  is  no^^ 
perversion  of  the  functions  of  the  Cerebrum ;  for  we  observe  that,  if  the 
insensibility  suddenly  siijierveue  in  the  midst  of  a  sentence  which  is  being 
uttered  by  the  patient  (a  circumstance  of  no  uuconimon  occurrence),  the 
series  of  words  is  takou-up  and  completed  the  moment  that  the  coma 


ipd  it  was  applied  alike  to  every  indiWJnal  otijwH,  ttDimalc  ami  inaninmlt.  The  But 
ulijecta  which  s1i«  olleU  hj  their  riglit  niuiiPB  vttv  wild  Hi)«-(in,  fur  irhii^h  fIio  had  alowii 
quite  a  pn.'iitiiiti  wLen  ti  oiiild ;  mid  it  is  remarknbK  that  hur  ial«i«it  in  \.\,tae  anil  hff 
recaLlectioD  of  tJieir  oumos  ttbihuld  have  mauifeKt4Kl  it^lf  nt  a  time  when  phe  eil^ihited  uit 
Ihe  least  recullection  of  tlio  "old  famllinr  friends  and  places"  -if  her  KhildhrmJ.  A»  her 
intellect  gradually  cijxinded,  and  her  ideat  Xnxnaat:  Inl^Ta  ooiDumie  and  definiti?^  they 
manifeHled  thiiEDAtilrefi  fhieUj  inih^hnatA  <molifmi;\.haA\ii,  tho  chief  iaiUcatJena  i>r  them 
were  thruo^h  the  bi^db  of  emotional  BxcitemeDt.  These  laflt  wen  frequently  exhibited,  in 
the  attuclu  uf  iD»eDiiihttit,t  aud  spasoiodic  rigidity,  wliii'h  ouue-on  nt  the  sligbteat  iLlun. 
It  iE  wurth  rviunrkiu^  thut  llieiie  attai'ks,  throuKhi'Ut  thin  ruuinrkuble  ppiiiil.  were  apt  ID 
recur  three  or  r>ur  Iliugb  a  day,  whcp  her  eyes  Imd  been  long  dirp*7led  intently  apiu  hw 
work ;  which  nObnl^  another  proof  how  elonely  the  emotional  canne  of  them  must  htiv 
been  akin  to  tho  influence  of  eeoaory  impreflsiona,  the  efleeta  of  tbe  two  Ijeing  prcfUdvly  fka 
Bimo. — The  uioiIb  of  recoverr  of  thie  patient  WM  quite  as  romarlaMe  tm  anytUng  in  her 
hlUury.  Ilei  health  luiil  bodily  strength  seemed  eemplutvly  rc-SBlahliiiheil,  hpr  rotsbniuy 
WBB  being  extende-l,  .and  her  meulAl  CApueity  wan  improvin}^ ;  when  ahe  became  aww  Um4 
her  lover  woa  pnfing  .attention  to  nnother  woman.  This  i<lea  immediately  and  very  notvi^ 
rally  eiciiisl  the  emoliou  of  jealoBBy  ;  wliiuh,  if  wo  analyse  it,  fill  appear  to  be 
else  than  n  puiuful  /rc/i'n^  c^mnectiil  inth  the  idra  of  the  faithleasncBa  of  the  nhji 
beloved.  Oa  one  ueouion  this  feeling  wns  so  strongly  eicilcd,  that  she  fell  down  in  > 
of  iusenaibilitj,  which  resembled  her  first  ntlaek  in  duration  and  severity.  Tbi^ 
ever,  proved  sanatory.  When  the  ioHenHibility  pas^ed-o^,  ahewns  no  h>ngeTsp^-l 
The  veil  of  oblivion  was  withdrawn  ;  and,  ts,  if  nwakeninjj  from  a  sleep  uf  tvein 
dontioo,  she  funnd  herself  tmrrounJed  by  her  giandfnthCT,  erondmolher,  and 
bmiliar  Fricndfi  aud  iu-<juaintanees,  in  (he  old  honse  at  Shoreham.  She  awoke  in 
pnmuBDion  trf  her  nntuml  fiLCulLies  and  former  kDowlfld|:e  ;  bot  withimt  tiie 
remeiDhruDcc  of  anything  which  hud  taken  place  in  the  interval,  from  the  innuiua 
fint  fit,  up  t"  the  present  time.  Slie  spoke,  but  she  hrani  not ;  she  was  Rill 
BB  she  could  read  nuil  write  an  formerly,  she  was  no  longer  cut  off  from  ernnm 
with  others.  From  this  time  she  rapidly  impreve'l,  but  for  some  tijne  eoDtiade^  An/f 
Rhe  srN>n  perfectly  under«l'>od  by  the  motii.iii  uf  the  lij)B  what  her  motber  said  ;  they  nui- 
verM'il  with  fai:i]it;  aud  (|uii'kne.i.i  toL'''th<'r,  but  nhu  iliil  ui<t  nnderatauil  the  buifBa(B  of 
the  ]i|m  of  a  Btmnger.  ^he  vnn  cumpEctel j  nna^are  of  the  I'haniEe  in  her  lovrr^a  afTertiim^ 
which  hail  taken  place  in  her  state  of  'nceond  consi'iuusness;'  ruid  a  painful  e^planatina 
DetWKsary.  This,  however,  she  bure  very  well,  and  has  unne  reeoveml  her  pnrians 
and  mental  health. 


ASionuL  HOfon  or  asssom-vDron  acttvitt. 


an 


off,  the  patient  being  unconFciona  of  the  iuU?miiition ;  sliowing 
iltkt  tliciK  Unoutiof  tlmt  io;</Wo/iof  llieluttiUect,  which  miirksCen'lTal 
dbotx^r-  Ifl  *  large  jiroportiou  of  casus,  however,  it  is  obvious,  from  the 
ordvr  in  which  the  syiiiploma  wiuiil'ost  themsi-Ives,  that  the  Cerebrum  is 
•Sbctcil,  :w  well  as  the  Sonsorial  centres ;  of  this  the  heat  evidence  ia 
afurdnl  hjr  the  phcuomcQa  of  alcoholic  IntosiciitioQ,  and  tlie  agency  of 
Bro»tic  poisons;  and  where  Coma  results  from  pressure  within  the 
cntniuui,  tliia  must  act  alike  upon  tbo  Cerebrum  and  the  Seusoritim. 
Of  Ui«  cause*  which  induce  the  state  of  Coma,  there  are  luanv  which, 
wKi-n  "iwratiiig  in  amallOT  amount,  or  in  leas  iotonsity,  produce  delirium. 
Thi*  i»  [Kurticularly  the  case  with  the  whole  grou]]  of  truly  nai-cotic 
is;  and  ia  true  uot  merely  of  those  which  are  introduced  as  such 
i  st«mal  sourct-a,  hut  also  with  n'^iird  to  those  which  ;iro  gL-nenit«d 
iUuii  th«  body.  Wo  have  another  illustration  of  it  in  the  Comn  ofniero 
intstion,  which  U  frequently  preceded  by  delirium  that  is  clejirlyuttri- 
4o  to  nothiug  elsi!  thiin  a  dedcient  supply  of  bhvid.  Still,  we  must 
,  R^ird  Coma  as  always  indicating  a  more  advanced  alate  of  morbid 
ij*.',  thai!  that  which  occasions  Delirium ;  for  it  stands  to  some  forma 
ilcliiiuui,  in  the  same  lijjht  in  which  onliimry  sleep  stands  to  tho 
;  8Uit«,  being  the  repose  which  ia  required  for  reparation  after  a 
uf  eSJjesaive  mental  activity.  lu  foot,  the  profound  sleep  wldeh 
"  1  ft  protracted  period  of  severe  bodily  or  mental  exertion,  ia  often 
Dort  ooniatose,  as  regards  the  degree  in  which  the  subject  of  it  is  iuseii- 
to  extern.*]  stimtdL  The  same  may  be  stated  with  great  probaliility 
I  coma  which  a  coust-quent  upon  '  coneusaion '  of  tlie  brain ;  for  this 
Flte  regarded  &S  a  period  of  slow  regeneration,  during  wliicli  the 
I  of  the  injury  are  being  repaired  by  the  nutritive  processes;  and 
'  altvnipt  to  arouse  the  patient  prematurely  ia  far  more  likely  to  bo 
jorions  than  beuehcial,  tending  especially  to  increase  the  violence  of  the 
^nent  reaction.  This  state,  in  fact,  is  easentially  one  (li Syncope; 
saspenaiou  or  reduction  of  the  tiinctional  power  of  the  EnceplialJo 
1  being  mainly  due  to  deficiency  in  the  supply  of  blood  which  they 
i*e,  through  the  dqiressiou  produced  by  the  *  shock'  in  the  tuition  of 
,  Heart  (5  238). 

A  state  of  disordered  activity  of  the  Sensorial  centres  B|ipears  to 

t  tbo  essential  cause  of  the  production  of  those  iUusit/ns  (mo-st  uommonly  . 

,  but  not  unfrequently  belonging  to  some  other  sen.-ie),  the  ori^  of 

in  entirely  independent  of  any  ideational  or  emotionid   state,  and 

I  the  reality  of  which  the  mind  has  no  predisposition  to  believe  (j  711). 

he  disordei'ed  action  of  the  Sensational  a|>paratua  seems  to  be  of  the  same 

aud  with  timt  which  produces  '  subjective  eensations'  (§  697),  extending 

to  the  afl'eotion  of  the  Pereeptioiuit  consciouancsa ;  for  it  is.  in  fact. 

Jig  else  than  tho  recognition  of  the  apparentextt-mality  of  the  objects 

thu.i  nfl'ect  the  consciouaneas, — generally  arising  fh>m  their  reaem- 

'  to  well-known  forms,  voices,  articulate  sounds.  Ac, — that  distin- 

'  phantasms'  or  '  airy  voices'  fi^m  the  subjective  sensations  on 

,  they  depend.    These  may  deceive  the  mind,  from  their  close  I'esem- 

'  to  realities;  thus  Dr.  Aberci'ombie  mentions  a  case  of  a  gentleman 

bad  all  his  life  been  affected  by  the  appearance  of  spectral  figures, 

)fhich  »>  cloeely  resembled  the  impressions  produced  by  the  real  objects, 

I  meeting  a  friend  in  the  street,  he  could  not  satisfy  himself  whether 
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he  saw  tlie  real  individual  or  the  Bpectral  figuni,  iavo  by  touching  his 
hoHy,  or  by   hearing  the  sound  of  his  Ibotatejisi.      But  in  iDo^t.  instances 
in  which  tliey  hiive  not  been  auggeatetl  hy  nntecetleut  nientul  stntes,  their 
appearance  takes  plaijo  under  such  circiimstiiueea,  tliat  even  though  they 
may  produce  i-eflox  muscular  Actions  (§  o99),  the  luteUigence  is  readily 
euahied  to  discriuiinate  the  false  from  the  true.     This  was  the  case,  for 
example,  with  Nicolai;  who,  when  snfiering  from  intermitWnt  fever,  saw 
coloured   pietiirew    of  landscapes,   ti-ees,   and   rocks,   reaemhiing    framed 
pftiiitiiigR,  hut  of  half  the  natural  size;  so  long  na  he  kejit  liis  eyes  closed, 
they  underwent  conatant  chaiigea,  Bome  figiirt*  disap[wared  while  new  onea 
showed  themselves ;  but  aa  eooo  as  lio  opened  Ins  eyes,  the  whole  vanished. 
In  theca.se  previously  ndverted-to,  thuHuliject  of  these  illusions  could  call-np 
Bjiecti-al  figiu-ca  at  hiH  will,  by  directing  his  attention  stcailily  to  some  cou- 
ception  of  liia  own  mind,  which  might  either  consist  of  a  ligure  or  a  scene 
that  he  had  seen,  or  niiglit  he  a  composition  of  his  owu  imagination ;  but 
although  poaaesaing  the  faculty  i>f  pi'oilucing  the  illusion,  he  htid  uo  power 
of  hauishing  it;  ao  that  when  he  had  called-up  any  particular  figure  or 
scene,  he  could  not  say  how  long  it  might  continue  to  haunt  him.      This 
influence  of  the  attention  was  noticed  by  Sir  Isaac  Newton  in  his  inTisti- 
gation  of  ocular  spectni;  for  he  found  that  lie  could  recal  llie  ap«;tnuu 
of  the  sun  after  it  had  vanished,  by  going  into   the  dark,  and   directing 
Ilia  mind  intensely  "as  when  a  man  looks  earnestly  to  see  n  thing  whieli 
is  difficult  to  be  seeu,"     By  repeating  these  e.\perimen(ji  frequently,  such 
an  etfect  was  produced   upon  his  Bensorium,  that  for  some  montlis.  he 
says,  "  the  spectram  of  the  Bun  begim  to  return,  as  often  as  I  liegaii  to 
meditate  on  the  phenomena,  even  though  I  lay  in  bed  at  uiidnight  with 
my  curtains  drawn."*     The  essentially-automatic  character  of  these  (alto 
perceptions,  however,  ia  evident  from  the  infliienco  of  toj.ic  agents,  mich 
as  opium,  hachisch,  or  alcohol,  fever-poisou,  etc.,  in  proiluciiig  them. 
That  the  mind  of  the  individual  thus  affected  should  believe  tn  them  on 
rcolitiea,  simply  results  froni  the  circumstance,  that,  concurmntiy  wiih 
the  disorder  of  the  Senaorium,  the  Cerebrum  is  also  aflected,  so  that  ita 
Intelliguncii  ia  not  in  a  lit  state  to  correct  the  erroneous  suggcstioua  of 
the  Senses. 

717.  It  is,  as  we  have  seen,  in  the  Sensorial  centres,  that  tlioae  Itsuons 
are  moat  commonly  found,  wliich  give  rise  to  Hemiplegic  Paralyns. 
There  can  be  little  doubt  that  this  form  of  jiaralysis  la  usually  attri- 
butahle  to  some  structural  di.sorganization  of  the  nervous  substance, 
produced  by  hiemorrhage,  softening,  etc.  Still,  this,  like  other  forms  of 
jiartial  paralysis,  may  he  (ojm'c,  de[iending  rather  u]H)n  the  condition  of 
the  hlooil,  than  ufHin  that  of  the  uen'Oua  tissiie.  Of  such  toaic  influvtice. 
■we  have  a  remarkable  example  in  the  peculiar  local  jiaralysis  induct-d  by 
the  prtaenee  of  Lead  in  the  system ;  and  there  seems  much  reason  Xo 
IwlievB  that  some  of  the  Hysterica!  forma  of  jmralysis  (as  well  as  of  oonvut- 
aive  diaonlcrs)  are  of  toxic  origin  (§  723),  There  are  many  instances,  too, 
in  which  |>aralysiB,  like  convulsion,  seems  to  depend  upon  soni?  iiijurions 
influence  propagated  from  the  nerves  of  some  other  part.     Although  it  b 

*  A  lar^e  nambcr  of  interestinz  foaet,  o(  flpcclml  IHQsioDB  vill  \»  foDoJ  in  Dr.  Alxr- 
Crombie'H  "  Iji^jiijtj  conoenung^Uii.'  iDtelleclu&l  Powere,"  uniler  the  b«ad  of  '  Pi^rrruljiu;' 
and  '  (jpecLral  UlamniiB.'  See  iilwi  Sir  B.  BroUie's  "  Fiiji<bglogkal  Enquirio^"  "■!  th* 
Bbhij  uf  11.  Bullarger  tHivuly  referred-hf. 
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in  Hciiiiplegift  that  we  hnvo  the  most  Jistinct  pviJence  of  disordfir  of 
the  Encephalic  centres,  yot  pnralyais  of  any  one  [rfirt  of  the  body  nmy 
proceed  from  Eiicephalie  lesion ;  anil  even  aunie  forma  of  Pamplegin  aeoin 
traceable  to  disorders  of  the  Cei-cbrum  and  Sensory  Ganglia.* — -It  is  to  a 
disturbance  in  the  eqiiilibrimn  of  iht!  SeiiHori-Motor  apjmratiia,  conse- 
queut  in  some  instftticwB  upou  ubuormiil  inipreasiona  received  througli 
the  nerves  of  sense,  and  in  others  uj«m  intei'nijition  to  some  of  the 
ordinary  channels  of  motor  influence,  that  Vcrfigo  is  due  ;t  which  may 
either  consist  in  abnormal  subjective  sensations  only,  or  may  exhibit  dis- 
ordered movements  prompted  by  those  Benaationa.  This  condition  may 
be  induced  iiy  certain  lesions  of  the  Sensori-Motor  centres  or  of  the 
Sensory  NciTps  (J§  530—534);  or  it  may  depend  ujmn  the  presence  of 
certain  toxic  agents  in  the  blood  (as  in  Alcoholic  intoxication),  or  it  may 
proceed  from  a  more  deficiency  in  the  sujtjJy  of  blood  to  the  Sensori- 
motor apparatus. 

718.  We  seem  entitled  to  con.sider  the  Sensory  Ganglia  na  the  primary 
seat  of  that  combination  of  lossof  aeuaibtlity  with  convulsive  movements, 
which  essentially  constitutes  EiiUrpsy.  Tliis  is  marked  by  the  peculiar 
sensorial  phenomena  which  usually  precede  the  paroxysm ;  by  the  obli- 
teration of  conaciousneas,  wliich  is  its  prominent  symptom;  and  by  the 
peculiarity  of  the  simamodic  contractions,  which  are  dmiic  (or  idterantin|j; 
with  relaxation)  instead  of  l>ciiig  timic  (or  persistent),  and  which  coitc- 
Kpoiid  with  those  tliat  may  be  induced  by  artiticinl  stimulation  of  thja 
portion  of  the  Encephalic  centres  (§  535),  The  disordered  action,  how- 
ever, manifestly  extends  itself  to  the  Cerebnim ;  for  a  maniacal  pai-oxysm 
frequently  occurs  in  c-onnection  with  the  epileptic  attacks;  the  attacks 
themselves  aiv  sometimes  preceded,  and  very  commonly  followed,  by  con- 
siderable confuition  of  the  intellect;  the  disease  is  seldom  long  persistent 
without  impairing  the  memory  and  the  control  of  the  will  over  tlie 
mental  opti-atious ;  and  in  cases  of  long  standing,  the  power  of  the  Cere- 
brum a[>jienrH  to  be  abuost  entirely  destroyed  There  Is  very  considerable 
diversity,  on  the  other  hand,  in  regard  to  the  nature  and  intensity  of  the 
muHcular  convulsion;  and  there  seems  reason  to  think  that  when  th'> 
morbid  influence  is  determined  downwards  into  the  Motor  apparatus,  the 
Cerebrum  escajieB  with  a  less  serious  impairment  of  its  powers,  since  the 
deirtmction  of  the  intellectual  power  occurs  more  surely  whi're  the  fits 
are  accompanied  by  much  mental  dbturljance  or  stupor,  than  where  the 
oonvnlaive  chai-acter  predominates, — One  of  the  moat  remarkable  jdie- 
Domena  of  Epilepsy  is  its  tendency  to  [>eiioilic  recurrence,  with  a  more  or 
len  complete  return  to  the  normal  state  in  the  iutei'val.  Tliis  tact  of 
itself  seems  to  indicate  that  the  disease  cannot  be  fairly  attributed  to  those 
obvious  lesions  of  structure,  which  arc  sometimes  coincident  with  it,  and 
which,  aa  Dr.  Todd  has  justly  remarked,  are  rather  the  signs  of  the  altered 
nutrition  broughlnm  by  any  cause  which  creates  frequent  disturbance 
of  the  a/:tions  of  the  bmin,  than  the  causes  of  that  disturbance;  for 
the  influence  of  such  lesions,  if  manifeBted  at  all  (and  it  is  remarkable 

•  Pot  niuch  TiilojiMc  infuriuntiun  iiu  Iha  different  forms  of  rnmlyniit,  nee  Dr.  OiiU'i 
OulitoniOD  Lectarua  'On  Iht'  Ii'itt.piib  ^jntem'  in  t!ie  "Mediinl  Tiuiis,"  1S49. 

-f-  Por  A  iniuLin^Lry  of  wbat  id  koovD  aa  fk  tlie  nature  of  thia  aflection,  willi  vftlDjthle 
■DggMtiona  fi>r  f-ar&vs  giiiiuiry,  see  Or,  J.  RoHell  Kojrnoldf'a  "  Ban}  on  Vertigo,"  read  to 
Ihl  Nn^  Londun  Medical  Socintf,  ISGl. 
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wliat  an  ostent  of  disor^pMiiaition  ma/i/  takt-  placo  withont  any  obrious 
indication),  would  be  nitluT  cnutimiouB  than  intermitting.  It  is  quit* 
certain,  on  tbe  uther  hand,  thiit  deatli  may  occur  fi-oiu  Ejiik-psy.  without 
any  ajipi-euiahlo  lesion.  It  may  be  conaidei'ed,  also,  a.s  u  well-BHtabliflhed 
fact,  that  the  ejiileiitic  paroxysm  may  be  induced  either  by  an  iuHnfflcient 
Bup]>ly,  or  by  depravation  of  blood;  of  this  we  have  cxampk's  in  tbe 
epileptiform  convulsions  brought^on  by  exeeaaive  hiemorrhage  in  partu- 
rient women,  in  the  epileptifonn  paroxysm  induced  by  aajihysia  (especially 
by  strangulation),  and  in  poisoning  liy  hydrocyanic  aoid,  the  pheDouiena 
of  which,  in  the  lowur  aniraaU  enjieciuJly,  so  cloaely  simulate  those  of  the 
genuine  <lise(tBe,  that  they  may  bo  designated  aa  an  artifieial  epilepsy. 
These  and  many  other  facta  in  tho  etiology  of  the  disease,  very  strongly 
point  to  a  diMoi'dcred  cundition  of  the  blood  as  its  primal  Bource;  this 
acting  either  by  altering  the  nutrition  of  the  Enceplialio  centi-es,  or  by 
perveri.ing  their  action,  or  in  both  modes  conjointly,  as  in  tbe  case  of 
Insanity  (§  TOJ).  According  to  tho  theory  advocated  by  Dr.  Todd,  a 
continual  mal-nutritiou  of  certain  ])art9  of  the  Eneephalou  occasions  a 
gradually-increasing  disturbanc-e  of  their  polar  state ;  and  this,  when  it 
has  attained  a  certain  measure  of  intensity,  manifetia  itself  in  the  epileptic 
paroxysm,  just  as  a  Leyden  jar,  when  charged  with  electricity  toa  certain 
state  of  tension,  gets  rid  of  the  disturbance  of  equilibrium  by  the  "dis- 
ruptive diaeharge."*  The  fact  must  not  Ire  disregarded,  however,  that 
when  a  fitet*  of  mal-nutrition  of  the  NervoiiH  System  has  been  cstnblishpil 
by  causes  which  affect  the  condition  of  the  Blood,  the  epileptic  paroxysm 
may  be  induced  hy  some  eccentric  or  peripheral  irritation,  such  ii«  worms 
in  the  intestinal  canal,  the  pressure  of  teeth  in  the  eni]itive  stage  of . 
development  against  the  capside  or  the  gum,  fas. ;  neither  cause  Winj( 
Hufficieiit  when  acting  alone.  Hence,  although  the  [laroxysms  may  Iw 
suspended,  and  the  discnae  apparently  cured,  by  the  n^movid  of  tbe  peri- 
phci-al  source  of  irritation  (as  ly  the  expulwion  of  the  worms  or  the  com- 
plete eruption  of  tlie  tectli),  the  liability  to  it  still  remains,  ns  is  shown 
by  the  renewal  of  the  paroxysms  whenever  any  fresh  irritation  may  ariac 
It  is  very  important,  therefoi-e,  not  to  rest  satisfied  with  local  ttvatinent  ' 
in  such  cases;  but  to  have  recour^ie  to  measures  adapted  to  pruduoek 
general  invigoration  of  tlic  system.+ 

TIU.  TJio  •^pinnl.  A3A9  {including  the  Medulla  OUongiUa)  forms  n  con- 
tinuous series  of  ganglionic  centres,  wliich  are  connected  by  allermt  awl 
efferent  nerve-trunks  with  the  several  segments  of  the  liody ;  but  theo 
centres  are  envelopeil  in  white  or  fibixiuH  strands,  which  not  only  connect 
the  various  si'ginental  divisiona  witli  eiieh  other,  but  also,  there  acena  I 
good  reiiEioti  to  lielieve,  establish  a  continuous  connection  bclwoen  ihfl 
Nerve-roots  and  the  Sensorial  centres.  The  independent  actirilv  of  tin* 
Spinal  centres  is  seen  in  the  various  reflex  movements  which  are  per- 
formed after  tliey  have  Iw-en  cut-off  from  all  connection  with  the  Eoce- 
phalon;  and  of  these  reflex  movements,  there  are  certain  deiioitc  gTDtipi. 

■  Sec  Dr.  T<xU'b  'Lumleian  Lccturai'  in  the-  "  Medii-al  Gmette,"  Mbj  IS,  IMfl;  nd 
the  "  Brit.  BJii-l  F^r.  Mfa.-Chir,  B^v.,"  Jud.,  ISSO,  pp.  21-33. 

t  Tlifl  Author  iLrt-f  ii'-^t  lliiuk  it  ueOA^s^ary  here  Ui  lierote  nuj  Bpaco  to  tho  rTnminfri^ 
of  Dr.  M.  UaLI'a  pEtl}m]a^ji'ii]  theorj  of  EpUefjuy,  wbii^h  oULke*  It  dcpeml  uixki  cuAoodfe 
oompmuion  vf  n-rlnin  mQw<les  nf  the  uenk,  pMiludug  compnNdoD  ut  thu  rebu  ud  laa- 
geation  uf  the  Derehmiu  ;  nium  lis  rooEiilt-n  that  llie  fallacKa  ti  thin  thmry  hare  bMi 
JilnMidy  "Oflicit'iilly  |>ni»t«ii-f'Ut  hy  Dr.  TwIil  (loe.  eil.t. 
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wliicb  are  subservipnt  to  tho  fiiiMitions  of  Reapimtiou,  Deglutition,  Dflfi;- 
cution,  Ac.  In  so  far  an  these  an^  performwl  by  the  Spiiial  CVi-'l  aloiie, 
without  the  ]i«rtici(Hitton  of  Ibt-  Seusoriuiu,  they  do  not  involve  any 
affeatiou  of  the  couaciousuesa ;  auil  as  the  sepai'ation  of  the  Spinal  Cord 
from  the  SenBonum  effectually  prevents  the  impression  which  excit<«  the 
reflex  movement  from  excitini;  sensation  at  the  name  time,  we  know  that 
BensatioQ  cannot  be  necessary  to  the  movement :  hence  this  cla^  of 
actions  is  best  distiu^imheil  lu  exeUo-midiir,  in  contradistinction  to  thu 
aeiuiiyri-molur  in  which  Sensation  necesaarily  jiorticipates.  Putting  aside, 
however,  those  actions  which  are  BubBerviimt  to  tlic  Oi-gauiu  fimctiotis, 
and  which  are  |)orfonned  in  the  state  of  full  integrity  ami  activity  of  the 
nervoua  system,  we  find  thiit  the  reflex  power  of  the  Sjiiual  Cord  ia  only 
distinctly  mauifttated  when  that  organ  in  detached  from  the  Enc>:]>halon ; 
for  in  its  normal  stnte  it  serves  ua  little  else  than  the  eluuiuel  through 
which  impressions  ai-e  tiuuamittcd  upwards  to  tho  Scn-sorium,  and  thence 
to  the  Cerebrum,  and  tlirough  wluch  motor  impulses  are  propagated 
downwards  from  these  centres  to  the  muades.  For  the  actions  of  the 
Spinal  Oi>rd  are  phiced  in  subordination  to  the  control  of  the  Cerebrum, 
in  every  particular  as  to  which  they  can  be,  without  detnment  to  the 
welfare  of  the  syntera  generally ;  bo  that  we  find  excitor  impressions, 
which  are  (juite  eoiii]K.itent  to  evoke  reflex  actions  if  they  are  prevented 
from  tr.ivelling  beyond  the  Cord,  l™ing  their  power  to  do  ao  when  they 
ftre  dischiirgeil  (bo  to  apeak)  into  the  Sensorium  ;  whilst  even  the  inove- 
menta  of  K'-nfiiratioa,  Defeciition,  ifcc,  which  do  not  require  tho  [lai-tioipa- 
lion  of  the  Cerebrum  in  their  ordinary  performance,  can  be  to  a  certain 
extent  coutRdled  by  the  Will. 

720.  Abnuniuil  Aciiorut  of  the  Spinal  Ciird. — The  functional  activity  of 
tlio  Sjiinal  Cord  ia  capable  of  being  morbidly  diminished  or  aujpuented. 
It  may  even  be  for  a  time  alinoEt  comp!ot4ily  siiapanded,  as  in  Syncope 
(J  7 15) :  but  it  would  seem  lu  if  n  supply  of  blood  which  is  insufficient  to 
support  the  activity  of  the  Encc]ihalic  centn^s,  might  still  sustain  (to  a 
certain  extent)  the  functional  power  of  the  Spinal  system  ;  for  we  find  the 
rcspiratoiy  movementa  and  the  power  of  swallowing  to  \«i  the  h»st  to 
cease  when  the  Heart's  action  ia  falling,  and  the  firet  to  return  when  it 
is  becoming  more  vigoixius.  A  eoiTi.'sponding  state  may  be  induced  in 
particular  portions  of  the  system,  by  Ciiiic'uigloH ;  as  bi  seen  in  severe 
shocks  to  the  Spinal  Cord,  wliich  are  almost  invariably  followed  for  a 
time  by  the  susjiension  of  its  functions.  Again  the  power  of  the  whole 
Spinal  Cord  may  be  diminished  by  various  causes,  snch  as  enfeebled 
circulation,  pressure,  Ac;  and  then  wo  have  torpidity  and  imperfect 
nutrition  of  the  whole  mtiscidar  system  (§  35S  noU).  If  ojipresBion 
exist  in  the  Bi*ain,  the  functions  of  the  Medtdia  Oblongata  will  l>e  espe- 
oially  aBected ;  and  if  it  bo  prolonged  and  sufficiently  severe,  A»}ihyxla 
will  result  frt.im  the  interruption  of  the  respiratory  movements  which  it 
occasions  (§  326);  this,  in  fact,  being  the  n)0<]e  in  which  death  is  imme- 
diately prodnced  in  Narcotic  Poisoning  and  other  anidogous  sUites 
(Chaj>.  XH.).  In  thi^  Convidsive  diseases  to  be  presently  noticed,  the 
fatal  result  is  usnally  coTisequcnt  upon  a  state  of  Asphyxia  produced 
by  tlio  spasmodic  tixaticin  of  the  respiratory  niuschs. 

721.  On  the  other  hand,  the  excitability  of  the  whole  Conl.  or  of 
particular  parts  of  it.  may  be  morbidly  inerea£ed ;  as  ia  the  case  in  the 
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various  classeH  of  ConviU^ve  (liaeftn«t  in  which  the  coiiBcionsuesa  ia  nut. 
affcctud-  Of  the  ilistinct  forms  or  combiniitioiiH  of  which  thia  class  of 
ilisurdei-s  is  compoaeJ,  Tetan'inia  one  of  the  most  intereatijig  and  instnic- 
tive.  Tliia  diacnae  psmiiitially  consiala  in  an  undue  escitability  of  the 
whole  aeries  of  Spiniil  t^nglia  i  so  that  very  slight  impi-essSons  produce 
violent  and  cxtenaive  reilui:  ftctions,  the  disturbance  of  nervous  polurity 
induced  hy  the  inipresaion,  radiiiting  (us  it  wtve)  through  the  whole  Cord, 
and  affwiting  iierve-fihres  that  prciceeil  froni  each  of  its  dilTcrt'tit  segments ; 
and  when  tliis  state  Is  fully  estaliHahed,  oonvidBive  Actions  may  proceed 
fi-oni  [lui'ely  centric  iiritntion,  uo  extiitor  impression  being  re<iuired  to 
originate  them.  Such  a  state  may  be  induced  by  various  cause.i,  ainong 
the  most  pTOminent  of  wluch  arc,  on  the  oue  hand,  thijsc  whieh  affwt 
the  initritioii  of  the  ConI,  and,  nn  the  other,  those  whieh  call  it  into  dis- 
ordered action,  by  alt<?riug  the  relntions  wliich  the  blood  hears  to  it  as 
the  excitinj^'  fluid  of  the  uurvous  battery.  That  which  is  tcrmeil  the 
idiopathic  tbriii  of  the  diaeaae  Beema  traceable  to  mal-iiutritjon  of  the 
C'oril,  consequent  upon  impoveriahnieiit  or  deprsvntion  of  the  blood; 
that,  on  the  other  hand,  which  is  produced  by  the  introduction  of 
Strychnia  into  the  blood,  ia  dejieiident  upon  the  peeuliar  potency  of  tkia 
suliatance  iu  determining  a.  wi-ong  notion  of  the  Spinal  centres,  for  which 
it  seems  to  have  an  elective  affinity,  in  the  same  way  that  alcohol  and 
opium  have  for  tlio  encephalic.  With  regnid  to  the  traumatic  form  of 
Tetanna,  it  is  impossible  to  say  ivith  certainty  whether  the  jioculiar  con- 
dition of  the  S[)inal  Cord  be  determined,  a«  in  the  jirecediug  case,  by  the 
int!\iducti<ui  of  a  poison  into  the  blood,  tliixiugh  some  morbid  action 
taking  [ilace  in  the  wouad ;  or  whether  the  disturbance  of  the  usual 
equilibrium  be  consequent  upon  the  projiagation  of  a  moi'bid  influence 
directly  from  the  injureil  ncrvo-tmnk  to  the  (Spinal  centres,  without  any 
I)artici]iation  of  the  eircidating  Byateiri  in  thia  extension  of  the  mischieC 
Whichever  be  the  ti-ue  account  of  it,  this  much  is  certain,  that  when  the 
Tetnniu  state  of  the  Spinal  Cord  is  once  fully  established,  nothing  is 
gained  by  removid  of  the  injured  part;  and  powerful  sedative  remedies 
alone  poasieaa  any  influence  in  restraining  the  paroxysms.  The  Cerobml 
apjiaratua  is  entirely  unaffected  iu  this  disorder;  hut  the  nerves  of 
deglutition  are  usually  those  first  influenced  hy  it ;  those  of  re.^ir8tion, 
however,  Vieing  scfou  aflected,  as  also  thoae  of  the  trunk  in  general 

722.  The  condition  termeil  Ifydniikobia  ia  nearly  allied  to  that  at 
traumatic  Tetanua,  difleriug  chiefly  in  the  mode  in  which  the  Cmiiii>- 
Bijinal  aJ(is  ia  affected.  The  iiTitahle  atate  of  the  nervous  centrtu  ob- 
viously resulta  from  the  introduction  of  a  poinon  into  iho  blood;  uid 
here  the  early  removal  of  the  woimded  jrart  is  very  deKii'able  as  n  mesn* 
of  pi-eventiun ;  although,  when  the  poison  has  onee  begun  to  oriomt*'  on 
the  ceuti-03,  it  ia  of  no  use.  The  muscles  of  respiration  and  deglutition 
are,  as  in  Tetanus,  thoMO  spasmodically  affected  in  the  first  instance;  but 
there  is  thia  curious  difference  in  the  mode  in  which  they  are  excit<:d  to 
ftction, — tliat,  whilst  in  Tetanus  the  stiniidus  operates  through  the  Spinal 
Cord  (either  centrally,  or  by  being  conveyed  from  the  peripherj'),  in 
Hyih-ophohia  it  is  often  tranamitted  from  the  ganglia  of  Special  Sense,  or 
even  from  the  Cerebrum  ;  so  that  the  sight  or  sound  of  fluids,  or  ema  the 
idea  of  them,  occaaions — eqiuilly  with  their  contact,  or  with  th&t  of  * 
current  of  air — the  most  distressing  eonmlaions. 
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723.  Many  forms  of  that  proUuii  oialmly,  /fi/nten'u,  arc  att«nde(]  with 
a  similar  in-itability  of  the  Nervoua  Ceuti-es;  but  there  ia  thia  itriiarkiihle 
ditference  iii  the  two  cases,  that  the  morbid  phenomeua  of  Hysteria, 
whilst  they  uften  simulate  those  of  Chorea,  Tetauus,  Hydrophobia, 
Epib[)Ey,  Ac,  are  evidently  dependent  upon  a  state  of  the  system  of  a 
much  leas  abnormal  character.  The  absence  of  any  atructural  lesion,  and 
even  of  any  serious  impairment  of  the  nutrition,  of  the  ])art3  of  the 
Nervoua  System  which  are  the  sourees  of  the  actions  in  quefltion,  ia 
pi-ovetl  by  the  length  of  time  during  which  the  severest  forma  of  them 
may  exist  without  permanently-serious  C0UBe<[Uence9,  and  by  theaudden- 
uesa  with  which  the  aeveiul  forms  of  them  give  place  one  to  another,  or 
pass-off  altogether.  The  stmnge  combinatioua,  moreover,  which  Uiey 
occaaionaliy  present,  remarkiibly  distinguish  them  from  the  more  settled 
foi'ms  of  the  diseases  which  they  simidate.*  The  uUnicol  histoiy  of 
Hysteria,  then,  would  lead  ua  to  suppose  that  the  convulsive  action 
depends  rather  upon  some  state  of  the  blood  which  alters  its  rektirm  to 
the  nervoua  tissue  na  ita  exciting  fluid,  than  ujmn  any  such  ehango  in  the 
nutritive  Bupfily  which  it  affords,  as  would  induce  a  more  jiermanent 
disorder  in  the  system.  Taking  all  the  jiheuomcuu,  however,  into  accoiuit, 
there  aeema  much  reason  to  tliink  that  a  general  excitability  of  the  nervouti 

•  Tlimi,  the  Autlinr  has  ki)g»n  (in  "tmtiniite  CBso  of  HjBtjjric  diwinler,  in  which  it  one 
pmtocl  atU-^k"  "f  the  miwt  coioplctc  Opintbutouoa  u<j«iuitl«d  n-ith  perrwt  Coma ;  at  aculher 
11*711x1,  ihti  QiDiA  rccurrtHl  aiuu^ ;  Xhea,  ngalii,  thvrv  traa  Triflmaii,  ladling  fur  live  cx>nBecn- 
tJvc  daya,  uitli^jiit  nny  other  ripndmndiL'  OiZtioa  ut  litBB  of  HDHithiJitj:  thift  fHITJLl^timea 
ftlWrnBlai  with  (its  iif  YBwuiug,  in  wlji.'h  the  jaw  win  held  open  for  hnlf  (in  hu"r  tigether; 
Bt  niiutlier  periuil,  the  CuuvuIeionB  hiul  more  of  thu  E|4leptiu  thiuootor.  the  fucii  being 
dlHUjrtf-il,  and  the  limljB  nj^tated,  concniTGutly  «ith  a  alAt«  uf  Com:i,  Lat  wjthunt  larju- 
gifloiuB;  with  thiH  alt^rnat^d  &ts  uf  LarTDgiBmnn,  withont  inHcoHibility,  and  uccurring 
duriug  thu  u:)>iratury  niuvuui'Ut*  uhilit  daring  thu  whole  uf  this  suoiteuiun,  there  wai 
Parnlj'siit  of  the  extviinor  muwle»  of  both  luwer  eitrviuilics.  with  paroijitinB  vf  the  must 
Tiolont  and  prolnnLTL-J  LVainp  in  ono  of  Ihom.  The  mentid  phent^niT^na  uf  thiA  cue 
were  aJmuat  equally  atrange;  fur  a  state  of  nlmoot  Maniacal  cKiTilenienI  often  onme'im 
mJdenly,  ami  eeased  nu  lew  abmptlj;  luiii  every  fona  of  Duuble  CiinBeiousnBM,  frum 
■imple  nieep- wiikiiti;  (•>  an  alttrnntiuQ  of  two  cer;  simitar  tilBt«ii  uf  mental  existunee,  pre- 
yenled  itacLf  during  one  lung  period  of  the  liiauider. — It  i§  worth  noting  that  in  thi»  caao 
the  exciting  mnife  of  the  di^anler  lay  in  the  diBappointm^nt  of  affi^titms  long  cheriahed  ia 
•earn ;  bnt  the  oulritiDii  of  the  uervrjuit  eyeteni  liail  been  ptvvinuiily  impaired  bj  anuety 
•ad  aecadra  mcutnl  citrtiun.  The  hrvt  amm  uf  the  liiwirdtr  was  kL-pt-off  by  the 
ItlAuciMC  of  a  Tery  determined  will :  but  when  the  mala-l;  had  fully  developed  itaelf,  it 
ndiUd  ever)  kind  uf  titaUneiit  for  fonr  yeara.  The  catameniol  diai'hargo  remaiiml  very 
iouitj  during  the  whole  of  that  tinji',  and  wan  iwinelimes  alwent  alt/igether;  and  the 
rEenrranec  uf  the  ptrii^d  was  almust  iusntinbly  marked  by  nn  aggnnation  of  the  fpiismodie 
attai^ke,  and  fre*pjeu1ly  by  paina  reiieuti>linf  those  of  the  l^rnt  ntA^e  irf  Inljunr.  A  alow  and 
alnif^  impei\'eptiLIe  impruvemeul  wae  takiug-phieti,  wheu  cirtum&tanceB  occurred  which 
gave  a  new  turn  t.i  liie  fwlinpi ;  a  fnah  ntfjtnliment  wsb  funned,  which  wag  hajipily  reci- 
procated; and  ftiiin  that  time  tiie  core  npidly  advanced,  the  cunvnbiive  »ud  paroplceio 
aff^etiona  being  Kpeedily  rueovenHl-from,  and  nothing  lielug  left  but  ilynmenorrhifa,  which 
■IaII  continued  to  be  uecadLunally  accompanied  by  severe  i^rampA,  and  ihrmelimefl  by  general 
conTulnion.  coma.  Ac.  Thia  wn»  nut  altogether  conBctfd,  though  Improved,  by  marriaga: 
and  ojiy  eiuitiuoal  eicitemunt  of  na  unpleotant  kind  waa  lurc  to  pn-luce  an  additirafti 
aggmvatiuD.  The  state  of  the  os  uteri  waa  then  eianiined ;  and  aa  it  was  fuund  tu  he 
unduly  cunbacted,  eautioOB  dilaEjition  by  Bpongc-lcnts  wua  pnicti:^.  This  Intd  the  heal 
redoltd ;  the  dysineuorrhcen  eovM  abate<l ;  prtgnuucy  anptrvened,  and  after  a  miscarriage 
(nbich  aMmed  tniewble  to  emotional  eicitemuut.  nitnciding  with  the  monthly  nisua)  a 
Mcoad  pregnucy  lollawnl,  which  wcnt-on  tii  the  full  term  ;  and  uu  return  uf  the  ipaamodia 
Btta'^kH  haf  fiinee  occurred. — It  le  worthy  of  note  that  in  tbia  case  there  waa  an  hereditary 
preilispoailjon  l^i  Guut,  whioh  fM^^iici  once  to  inanifcat  iteclf  in  a  pecultar  affeetiun  uf  Iho 
timuea  about  the  triat-juint,  of  a  chiiiacter  ratlief  guuty  than  rhcumaljc. 
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syatom,  aiich  us  in  only  an  (ixiLijgL*r.itlon  fiF  that  ivhicli  is  chai-actcriatic  of 
the  fcnialti  sex,  ia  miliiwtl  liy  some  defect  of  Nutrition,  compamtively 
jiermftut;iit  in  ita  ncituro;  whilst  the  partii-iilar  forms  of  |icrverti?il  actinn 
are  detemiiTieil  either  liy  3(hik'  toxic  agent  in  the  blood,  slight  TUiiulioiis 
in  whicli  may  give  it  a  Beleotive  power  for  one  part  or  another  of  the 
Norvous  Centres,  or  by  ii'ritation  of  the  peripheral  nwrves.  Among  the 
sonrces  of  iniportcct  nutrition,  leading  to  undue  cn.'itnbility  of  the  nervous 
system,  and  thun  acting  aa  a  '  preilisposing  cimse,'  it  seems  probalile  ihat 
(i  gouty  diath(*sis  is  oui'  of  the  moat  tretiiieiit  ;•  whilst  among  the  ■  esnting 
causes/  Bome  irregular  action  of  the  acsual  apparatas  is  among  the  most 
coiunion,  though  it  woulil  not  be  eori'ect  to  nfiirm,  that  disorder  of  the 
uiitritive  or  secretory  functionB  of  the  sexual  gysteni  i«  essential  to  the 
production  of  the  hysteric  condition.  Tlie  influence  of  Emotional  states 
upon  this  condition  (§  710),  is  among  the  moat  remarkable  fejttures  in 
the  liistory  of  tlie  disorder.  There  can  be  little  doubt  that  habitual  in- 
dulgeuce  of  tlio  feelings,  especially  when  these  are  of  a  [lainful  kind,  has 
n  direct  tendency  to  affect  the  nutrition  of  the  nervous  sj'stem ;  but  when 
these  feelings  have  specinl  ruferouce  to  scxiuU  subjects,  they  will  exert  a 
powerful  inibrect  influence,  by  fixing  the  miud  on  the  genital  system. 
»nd  thereby  modifying  ita  condition  {chap  xv.). — Hence  the  treatment 
of  Hysteria  may  be  considered  aa  requiring  three  classes  of  remedial 
means; — those,  namely,  which  operate  by  improving  the  genenil  slsle  of 
nutrition  of  the  Nervous  System  and  by  diminishing  its  excitability,  these 
for  the  most  part  acting  through  the  blooil,  and  being  directed  to  the 
inei-eaae  of  ita  nutritive  com[)oneut.s  and  to  the  elimination  of  any  morbid 
matter  which  it  may  be  Bua[)ected  to  contain;  those,  secondly,  which 
operate  Ly  remo-ving  the  exciting  cansea  of  the  jiaroxysm,  among  which 
nmy  be  ajiecially  reckoned  all  such  as  promote  the  healthful  [lerfon nance 
of  the  menstrual  function;  and  lastly,  aU  those  which  act  beneficially 
.  on  the  Mind,  diverting  or  repressing  pojnful  emotions,  or  subetituting 
plcHsurable  teeUugs  iii  their  place,  and  strengthening  the  general  Dontntl 
of  the  WUl. 

724-.  The  foregoing  arc  tlie  chief  Convulsive  diseases,  in  which  the 
Spinal  centres  generally  are  involved ;  but  there  arc  nmny  sjuisraodic 
offeotions  of  a  more  limited  character,  which  are  tniceable  to  a  morbid 
afibotioQ  of  some  particular  division  of  the  Spinal  Axis.  Thus  in  the 
various  forms  of  Sjiofnwdie  Axthnn,  the  Medulla  Oblongatn  would  B>wni 
to  be  alone  involved ;  the  attacks  of  this  di.iorder  uaualiy  resulting  from 
some  internal  in-itation,  either  in  the  air-passages  theQiBcIvei,  or  in  Uic 
digestive  sj^em,  producing  a  reflex  contraction  of  the  muscular  filirtti 
of  the  bronchial  tubes  (J  231).  In  the  purely  apaamoilic  stage  ol  Hooping' 
Ci'iiyh,  again,  which  frequently  persists  long  after  all  infianunatory 
symptoms  have  subsided,  we  have  another  example  of  spasmodic  action 
limited  to  the  respiratory  centres;  and  here  we  find  dMtinct  cvlJenm 
that  the  morbid  condition  originates  in  the  introduction  of  a  iioiwMi 
into  the  blood.  The  same  may  be  said  of  the  Croup-like  CoitwUum  ur 
Croipiitt/  hisjnToiitni  of  Infanfa,  which  is  an  obstruction  to  the  p—j-- 
of  air  through  the  Glottis,  produced  by  a  spasmodic  contraction  of  the 
constrietora  of  the  hirynx;  for  although  the  spasmodic  acti<m  may  bn 
immediately  bronght-ou  by  various  kinds  of  local  iixitalion,  such  aa 

'  Sep  Dr.  LnyMwk  "  On  Ida  Nrrvom  !»;«««  of  Wuhiku,"  pp,  l61,eiMf. 
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toat  ocoRBJoned  I>y  teetlijiig,  by  the  presence  of  imdigeated  food,  or  by 
iutesitiiial  disordtr,  yet  there  ie  uo  doubt  tliat  thu  excitftble  eouilition 
of  the  Nervous  Centres,  without  which  theae  infliieiicea  would  lie  inope- 
mtive,  is  depenJent  upon  a  delect  of  [lutritiou  arising  from  unwholesome 
food,  bad  air,  or  some  other  cause  affecting  the  system  generally.* — 
ypaamodic  cIobuiv  of  the  Laiynic  may  oueur  from  other  causes.  When 
the  rima  glotlUltn  is  narrowed,  by  eflrisiou  of  fluid  into  the  siibHtance 
of  ita  wall.s,  it  is  very  liable  to  be  completely  closed  by  sfiasnioilic 
action,  to  which  the  unduly -irritable  condition  of  the  mucous  membi-aue 
Mrill  furaiah  miiuy  Bources  of  escitemout.  Choking,  again,  does  Dot 
result  ao  mucb  from  the  jiresaiire  of  the  food  on  the  air-piasages  them- 
selves, as  fi'Lim  the  sjiasmodic  action  of  tlie  larynx  excited  by  thia;  and 
the  dislodfj'mynt  of  the  morsel  by  an  act  of  vomiting,  is  the  most 
effectual  tiiean;)  of  obtaining  relief. — ■Tenesmus  anA  Sfniiigicn/  nm  well- 
known  forms  of  spasmodic  muscular  contraction,  exulted  by  local  irrita- 
tion acting  through  the  S|>inal  centres.  The  abnormal  action  wliich 
lends  to  Abortion  (chap,  xvi.)  is  frequently  excited  in  the  siinn!  manner. 
— There  is  a  form  of  hipontiiience  of  Urine,  which  is  very  analogous  to 
the  morbid  action  just  deifcribed;  the  sphincter  has  ita  due  power;  but 
the  stimidua  to  the  evacuation  of  the  bladder  is  excessive  in  stix-ngth 
and  degree,  owing  to  the  acridity  of  the  urine  or  other  caiines.  The 
part  of  the  lilaiiiler  upon  wliich  this  apjieors  chiefly  to  act,  is  the 
trigonum  (which  ia  well  known  to  bo  more  sensitive  to  tlie  irritation 
of  calculi,  than  the  rest  of  the  internal  surface);  and  Sir  C.  Bell  advises 
young  pei'Bons  who  sufl'er  during  the  night  from  this  very  dlsagretstble 
complaint,  to  lie  upon  the  belly  instead  of  the  back,  so  ihat  the  contact 
'  of  the  urine  with  the  trigonum  uiay  be  delaye<l  aa  long  as  possible.- — 
Various  remoiliiil  agenla  will  probably  bo  found  to  operate,  by  ocob- 
\  siouiug  iuiTeu«ed  excitability  iu  some  particular  segmeutti  of  the  Cord ; 
'  so  that  the  usual  stimuli  applied  to  the  parts  coimected  with  these,  will 
occasion  increa«;d  muscular  tension.  This  seems  to  be  the  caj«,  for 
uxajnplc,  io  regard  to  the  influence  of  aloes  on  the  ri.«tuin  and  uterus, 
cantharidcs  on  the  neck  of  the  bladder  and  adjoining  part-a,  and  secalc 
cornutum  on  the  uterus.  The  mode  of  influence  of  cautharides  is 
illustrated  by  a  curious  ease,  related  by  Dr.  M,  TTn.11,  of  a  yiauig  laily 
who  lost  the  [tower  of  retention  of  urine,  in  consequence  of  a  fatty 
L  tumour  ill  the  spinal  canal,  which  gradually  sevei*od  the  Spinal  Cord, 
»nd  induced  (laraplegia.  The  jiower  of  retaining  the  urine  was  always 
I  restored  for  ii  time  by  a  dose  of  tinctui-e  of  CanUinrides,  which  seems  to 
.  liuve  acted  by  augmenting  the  activity  of  that  segment  of  the  Cord  with 
1  which  the  sphincter  vesica:  is  eonuected- 

I  725.  As  Convnhiive  diseanes  aii;  dejicndent  u[>on  excessive  activity 
I  of  the  Spinal  centres,  *)  do  various  forms  of  fnra/i/si-n  arise  fi-oni  disease 
[  of  the  Cord,  affecting  its  piwjK'r  ganglionic  substance,  or  the  connections 
lof  it«  nerve-roots  with  the  Eucephalon.  If  the  latter  .only  be  impaired, 
we  have  an  inteiTuption  of  sensibility  and  voluntary  motion,  the  reflex 
actions  of  the  Spinal  ganglia  being  still  manifesteil;  but  if  the  former  be 
[involved,  these  reflex  actions  are  Buapendwl  no  leas  completely  than  are 

*  Tka  iitfliieiii'e  of  "  chiuiga  of  air"  a  uHca  u  mirketl  in  thia  ilii^Kse,  aa  it  is  in  Iho 
irhronii'  ilaea  of  lii-i))jiiig-«>ugh,      Tluil  uu  iin])iiiv  aUuuBpherr  la  <if  ilH'lf  sntGcienl  t"  in- 
hIuso  fiiUI  wuvutaivu  di«)rili:n  iu  iaFnnbi,  hu  bueii  [iruvoJ  ud  fi  I'luuii'I  uouiuiun  H  336). 
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tlio  seusuri-volitioiid.  Tlierp  are  nmny  peciUiar  phenomena  of  Paralysia 
depunding  on  Spinal  lesion,  however,  which  have  not  yet  heen  cxpluincd 
on  any  physiologiciil  linsin.  Among  these  is  the  fiurt,  t()  which  Dr.  Gull 
has  promiiit'ntly  directed  attention,*  that  in  Paraplegia  dependent  upon 
lesion  of  the  Cord,  there  is  uHually  greater  loss  of  motion  than  of  sensa- 
tion; whilst  in  Paraplegiii  de|)endent  upon  EncephaUc  disonicr,  or  u^ion 
toxic  agencies  rather  alfectiiig  the  peripheral  thau  the  cuntnil  portions 
of  the  nervous  system  (as  Heems  to  he  generally  the  case,  for  ejtample,  in 
poisoning  by  leiwl),  ntlectionn  of  the  sensibility,  sometimes  l)eginning 
with  hyjwnestheoia,  and  then  proceeding  to  mure  or  lesa  complete 
antesthesia,  usually  institute  the  proTiiinent  symptoms. 

726.  Our  present  knowledge  of  the  Physiology  and  Pathology  of  the 
CerebelluM  seems  to  justify  the  inference,  that  its  special  function 
consists  in  the  co-oriHnatiou  of  voluntary  movements ;  and  the  effects  of 
lesions  whose  influence  is  limited  to  this  organ,  display  themselv«c  most 
constantly  in  the  inijjainnent  of  this  ]Kiwer, — But  there  are  patholo- 
^cal  phenomena  which  seem  to  indicate,  that  a  centre  of  sexual  Benjai- 
tion  has  its  place  in  or  near  the  central  lobe  of  the  Cerebellum,  and 
that,  according  to  the  degree  of  excitement  or  of  dcprestdon  of  its  func- 
tional activity,  will  be  the  strength  or  weakness  of  the  sexual  detdre 
prompted  by  the  sensation. 

[In  the  fiiraguiog  viuw  iif  tlio  Punctiuns  of  the  Nwvdui  Syatom,  the  Anlhor  hai  eiii1<B- 
vuured  io  enliibit  thia  most  difficnlt  sjiil  in  riuuiy  pnrta  obaonre  sabjci't.  uuder  tbe  tspnA 
la  vbitth  it  DDw  preMDta  itflolf  to  hie  own  miad  ;  twJieviog  Xbxt  be  niuJJ  tliaa  best  ce^Jud 
it  b>  hin  readecH.  Aj  hie  views  have  fw? ii  nrriTeil-Bt  \*y  Juh  uwd  c&rHful  fltndj  of  Uie  nb- 
joot,  ha  has  not  thought  it  nBCenwirj  tu  he  ciintiuunl!)"  njfmriiij;  ii>  lAiiet  Ph jiii  itoprt*, 
vrith  whow  nKirtriitfld  hU  ovn\  mny  linve  tuuru  ur  I^ab  uf  riMUoiiititii:^.  lie  would  hen  «tAl^ 
uDcu  fur  all,  that  uf  the  alder  wrilvra  on  thia  hrau>:h  of  PhyFioln^,  he  rogatda  I'nier  uiJ 
Pj-nrhoEkji  (whosb  trcntiiiefl  have  hoeji  lati>Tj  re-puhliahcd  by  the  Sydcnhiuu  Suoietyt  v 
baviug  dispUjcd  tha  deepest  iaai^ht  int<i  the  truth  ;  tlieir  duotriries  requiring  litilr  iii»n- 
IhnD  the  curreclloa  and  exlcmdon  whidi  Haliaequunl  nantvuioAl  •liHxivi.-riva  h*Te  ■ffunlfd, 
lo  form  jiftrt  of  the  pretfeut  fabric  of  the  Bcieacc  Anil  be  DuDHider»  it  an  no  uuimportuit 
c<»iiiirTnatiun  of  h\*  ovq  views,  that  tlthoDgh  arrivtd-at  in  (.ii]u|j|ute  igtiorauM  of  vbM 
Uaier  hik>l  luug  prti-ioualy  pnt-furth,  they  lisTe  proved  Co  be  iu  hsmioDy.  on  kll  i  an  ml  til 
puintu,  with  tlioee  of  m  jiliilusuphii?  and  pciivtratiiig  a  thinker. — Uf  modurn  NmrolngMit 
the  foremost  rank  ia  juNtly  to  l>e  aangned  to  Sir  C  Ui'll,  for  liiit  diwoveryof  theftuiluauAl 
diatinclrieiv!  of  the  sennuij  and  motor  iiervoa.  and  for  tlie  infeniueei  to  whiefa  Ibit  diit- 
ooTer;  led.  An,]  the  Antlior  ia  quit*  of  upiiiion  that  the  re-discoveij  of  tb«  ReSei  Pone- 
tion  of  tho  Spinal  Cord  by  Dr.  M.  Hall  (wliii'Ii  lie  bulieim  to  have  bei'n  vDlJrelj  ori^iul 
on  tiuit  ^eiitleiDan's  pari)  baa  nmstitntoii  an  urn  cf  no  lem  importance;  alUiou^  Dr.  H.'« 
limitation  r»f  the  dotTtrine  of  reflex  action  to  the  Spinal  oeiitrea,  haa  rabeMluiaitlj  tcuJ&l. 
in  the  Anchor's  opiuiou,  rather  tu  rutwJ  tbrui  lo  pri'niole  the  pnigmsB  nf  Ncnrologj.  !■ 
extending  Ihix  vien  to  the  Sensory  UaDglis,  and  in  iihou-ing  that  Ihcy  miDutei  tu  aelia 
nf  reflex  actioua  peculiarly  their  own,  the  Author  believes  that  he  may  eUim  tcr  h<f* 
made  the  firn  delinilc  attempt  to  free  it  from  this  luuilAtion  -,  lUiit  for  its  fiiitlicr 
erteniion  to  tho  Cerebmm.  Scieuoe  is  indebted  to  Dr.  Lnycoek,  tu  whose  Eoaj  wi 
the  Keflai  A<:tian  of  the  Brain,  the  Author  has  already  eijiresBoil  his  obligxiioiu.  To 
these  he  nunid  add  the  nomea  of  Sir  U.  Unllund  and  Dr.  Tridd,  as  tbise  of  viitsi 
from  whom  he  baa  derivei]  many  valuable  sng^etitiona,  M'hiuh  have  not,  ho  U'lut*^  bwA 
without  frnit  in  hia  <iwn  mind. — It  is  a  girounjaUiii-e  nut  devoid  of  inlcreat,  tllBt,  donag 
the  present  rentnry,  uotwitliHtnnding  the  large  suiouul  of  aDatcmioil  and  expcriacald 
inquiry  which  has  l>een  dlreeM  to  the  Xervnus  System  both  in  Pranee  lUiJ  in  Gtuinanj,  and 
the  vast  additi'in  to  oitr  knowle^lge  of  d^UiiU  whioh  has  bene^  ariaen,  the  great  ailivnon 
in  the.'/d-rW  i/oetrjiiriof  this  department  of  the  arionce  ihnulil  have  been  made  byBdlvfc 
Fhyaiolugisli.  ] 
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CHAPTER    XII. 


OF  TIIK    linUAfS   OF   THE  SENSES,   ANP   TUBIS   PITNCTIONS. 


1. — Of  Stnaihility  in  GeneraL 

F27.  W*  h^re  awn  tJiat  tlie  consdons  Mind  is  affocted  by  impressions 
till-  corjioreal  organism, — or,  in  otlntr  wonlR,  that  ^ensAtimi 
i.^tlirougti  ihc  iiistnitiii'ntnlity  of  ucortuiu  jittrt  fif  the  Ence- 
Jmi  i.Tiuii!  iKe  S'.iwrrium,  wliich  is  tlie  general  centre  of  the  nerves 
of  'sjwi'inl'  aud  of  '  comiuon'  Benaibility;  Xhe  former  connect  it 
llie  speciiil  Organs  of  Stnae,  the  latter  with  the  l-ocly  gcrienJly,  tii 
t'Verul  i-Girta  of  which  tliey  are  l.>y  no  niraiua  unifonuly  rti^dritiiitcH, 
'  tinsii'-s  lieinji  ultogpther  dostituto  of  them.  Those  p>irta  of  ilio  body 
ii  Mv  riid'iw'C'l  with  si-nsory  librea,  anil  iniprpssioiis  on  which.  th«ni- 
givo  rise  to  xcnautiim,  &re  ordinarily  upoken-df  a»  »i:iia'>hlf;  luid 
ri'tit  jxirts  nre  said  lo  be  sensible  in  dilfereitl  dL'ifieeH,  aeconling  to 
i-tij.'th  of  the  eensntioD  jiroduced  by  a  eorresjioniliiig  impreaaon  on 
In  accordance  with  the  gouersl  liict  of  the  dependence  of  oil 
I  lu-tioQ  on  the  continuaniM  of  the  Circtilation  of  the  blood  (»e» 
,  OF  Ges.  I'lirs.),  it  is  found  that  the  sensory  nerres  are  dislri' 
tty  aa('h  in  the  same  ]in:>ixii'tion  as  llie  blood- vessel  a;  that  k 
in  the  uon'vaHcvdar  tissues, — such  as  the  cpidermie,  hair,  nails, 
ag*.',  and  bony  substance  of  the  teeth, — no  ner^'ea  exist,  and  thej« 
entire  atiwouoo  of  sensibility;  and  in  those  whose  vascularity  is 
Blog,  as  is  the  case  with  bones,  tendons,  ligaments,  fibrous  membranes, 
other  parts  whose  functions  are  simply  mtichanical,  and  even  with 
I  and  Jireolar  tni'mhranes,  there  are  few  nerves,  and  the  seni^hitity 
Many  of  these  textures  are  acutely  sensible.,  howevur,  under 
clrcntnstKQces ;  thiL^,  altliongh  tendons  and  ligimieuts  may  be 
idcd.  burned,  itc,  without  giving  rise  to  much  consciousness  of  the 
[jiiry.  ihnr  cannot  be  stretched  without  the  production  of  considerable 
k;  &nil  the  fibrous,  serous,  and  areolar  tissues,  when  tlieir  vascularity 
incKiMed  by  infiamraation.  also  become  extremely  susceptible  of 
uftll  impresaions.  All  very  vascular  parts,  however,  do  not  possess 
■it!  i»eu«ibilily;  the  muscles,  for  instance,  are  fiii"niahed  with  a  largo 
of  blood,  to  enable  them  to  perform  their  peculiar  function;  but 
are  not  ^nsible  in  by  any  moniis  tlie  swue  proiiortion.  Even  the 
inUitance  of  tlie  brain,  and  of  the  nerves  of  special  sensation,  appeju-a  to 
to  d-'stitiite  of  this  endowment;  and  the  same  nmy  be  said  of  the 
mii'vi-.iH  membranes  lining  the  interior  of  the  several  viscurii,  which,  in 
the  '■niiiiiirv  condition,  are  much  less  sensible  than  the  membranes  that 
covtr  ihi^w."  viscera,  although  so  plentifully  supplied  with  blood  for  their 
«>a|in!iat  purjiwes.  Tlio  most  siensiblo  of  all  [laits  of  the  body,  is  the 
SJcin,  in  which  the  sens^iry  nerves  spread  themselves  out  into  a  minute 
oMwurk;  and  even  ofthis  tissue,  the  sensibility  difters  greatly  in  difl'erent 
parta  (j  733).— The  orguua  oi  special  Senaaticu  bcoorae,  by  the  ]feculiar 
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oy  TUE  onnAsa  of  the  sesheb,  asd  their  runcrioss. 


ohamcter  of  the  uervps  with  which  they  are  supplied,  the  re^ipientB 

iiDpre»uo]iii  of  a  paitioiilur  kiud:  thus,  the  Eye  iit  sensible  to  light, 
Ear  to  souud,  itc;  and  whutever  amount  of  OTdiiinnj  aeusihiUtj  tb 
possess,  is  dependent  upon  other  sensory  nerVL-s.  The  eys,  for  example, 
contmry  to  the  usunJ  Motions,  ib  a.  very  iusenaiblo  part  of  the  body, 
uidi^sH  aliected  with  inflammation ;  fur  though  the  mucous  mctnbnuie 
which  covers  ita  surfaco,  and  which  m  prolonged  from  the  «kiu,  is  aciiti^ly 
sensible  to  tactile  ifnjii-essious,  tile  iiit«rior  is  by  uo  moans  au,  a^  is  well 
known  to  those  who  havo  ojiei-^ted  much  on  tins  organ.  And  tlio 
Ciinimon  sensorj-  nerves,  which  supply  certiiii  parts  of  the  boilv,  «re 
Bdaptiil  to  ruceive  and  convey  to  the  mind  impressions  of  pftrlicular 
kinds,  with  inueh  greater  readiness  than  they  communicate  thoBo  of  a 
difltTont  ik-scriptitin;  thus  the  sensibility  to  tickling  is  much  greater  on 
iujme  parts  of  the  surfiice  tlian  on  othtrrs;  and  this  kind  of  excitement, 
nppUetl  to  the  genitals  or  to  the  nipple,  j>rodnoe«  aensatioiu  of  a  moit 
peculiar  order. 

728.  An  active  Capillary  C'ircidation  being  essential  to  the  sensibility 
of  every  part  Bupjtlied  with  nerves,  any  cause  which  retards  this  deadena 
the  itcnsibility,  as  ia  well  seen  with  regard  to  Cold ;  and,  on  the  otb 
hand,  an  iuci'ense  in  its  energy  produces  a  con'espunding  inci-ea««i  in  lh« 
sensibility,  as  is  peculiarly  evident  in  the  'active  congestion'  which 
iiaimJly'jirecedos  and  accompanies  Inflammation.  A  diminution  or  in- 
crease of  8eu.'*il)ility  to  ext«T'ual  impressions  may  arine,  however,  not  only 
from  an  abnormal  state  of  the  ciivulation  in  the  organ  or  pirt  itwif, 
bat  from  the  similar  conditions  affecting  tJiat  port  of  the  Bensorium  in 
which  the  impreasiona  are  received  Thus  in  those  variinis  oondition. 
of  the  Eiicophalon,  in  which  either  a  stagiuttion  of  the  circulntjoii,  or  aa 
abnormal  stiitu  of  the  blood  (such  as  that  produ<:ed  by  aun^sthetic  agcntaX 
ocuLtiuns  a  diminished  functional  activity  in  the  Sensorial  centres,  thia 
is  mai'ked  by  ubtusene^^ii  to  sensory  impressions ;  on  the  other  hand,  IS' 
active  congestion  of  the  hi'oin,  the  most  oi-dinary  extoiTial  impri'S^onfl 
produce  sensations  of  an  uul>earable  violent*;  and  in  that  peculiar  oon-[ 
dition  of  the  nervous  system  known  under  the  name  of  Hj-sterical  ( j  723),' 
the  patients  often  manifest  the  same  hypertesthesia,  even  when  the  ci 
cuhition  is  in  a  feeble,  rather  than  in  an  excited  state.*  It  is  remark- 
able that  the  sensibility  of  the  mucous  membruiies  lining  the  inlemol 
organs,  is  loss  exalted  by  the  state  of  inflammation,  tluiu  vi  Uiat  of  moit 
t>ther  pdi-tu;  and  in  this  amingement  we  niny  tniec  a  wise  and  ben*- 
ficcnt  provision;  ainco,  wore  it  otherwise,  the  funetions  uecesaitry  to  UJ« 
eould  not  be  pcrfomiod  without  extreme  distress,  whenever  a  T*ry 
m<}derate  amount  of  disorder  might  e.xjst  in  the  visi.^ra.  If  a  Joiul  ii 
inflamed,  we  eoti  give  it  rest ;  but  to  the  actions  of  the  aliiuuitaiT' 
camil  we  can  give  little  voluntary  respite. 

739.  It  is  through  the  meiUuni  of  Sensation,  that  wc  acquire  itkuowledgi! 
of  the  material  Universe  oroiuid  uk,  by  the  psychicid  ojienitions  which 
its  changes  excite  in  ourselves.  The  various  kinds  or  inodea  of  Sensaljon 
mi'jjegl  to  UB  various  idttas  regarding  the  proi>erti<w  of  matter;  and  theM 

*  Tliu  uiAueaee  iift'itiR  ngenta  intrixliiced  into  tlie  UihmI.  id  pivdaoing  AnonlMtiaiBi 
Hy|i«nuithHnji,  uuuAlitutea  a  very  wiJu  fluM  of  in'[i]irf ,  nhiuli  u  v«tL  Jocrring  uf  anfkf 
ouUivntii>(i.  Jl  la  reuiarlEablB  LEufct  Lend  aud  Atcokat  Hhiiuld  bo  aa}iAUe  uf  iulortng  rhhr 
of  tfioie  rtatea. 
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■  •re  knixvii  Ui  UN,  (inly  tliiNni^'Ii  tliu  I'tli/tniji's  which  thoy  prodtiM 

.  orguns  (4  ^lll).     It  is  wi>ll  Icnnwii  tlint  hintuDcta  exist,  in 

[ftxim  nurue  iiii[ii-t-l'i-cticiu  of  tho  oi^-aiiizalioH,  there  ia  an  intiripncity 

tin^'uisliiiiK;  isiluure  or  mtaaieivl  tones,  whilst  llit'rc  is  uo  wniit  of 

utiilitv   to   light   <ir    soiinil;     iinil   tliftt    sumo   |«'rsoiis  urc   nattirally 

Iriwrnl  with  u  iniirli  grt'ntcr  ranye  of  tin'  auiiwi-y  fiioiilticn,  lliiiii  olliera 

Hiniuc  it  ilur«  Dot  seein  at  aII   iiiiiimliilik',  thitt   there  iiiv  pro- 

I  of  iiiftttor.  Iff  which  none  of  (n'l*  «etiBi«  ain   tiike   imiiieiliikt**  cog- 

Miil  which  other  brings  tiilght  ht<  turtiiiHl  to  |iiTccivi>,  in  the 

Mnner  na  tre  iirt  seiiaihie  to  light,  auiniii,  Ac,      TliiiBniniiy  nnimftlH 

■I  by  iitiiios[iherio  changes,  in  siiHi  ii  mnnni-i'  Ihiit  thoir  nmons 

led  iiy  Mau  ne  indicaticins  of  the  prubiible  state  of  tht-  weather; 

I  tbtt  Mtlie  irt  the  case  in  a  leas  degree  with  sojue  oi'  itur  own  sjieoies. 

lUv   iiiHTiilinrly  siinceiitible  of  the  lilte  iiitluaices, — Now  the  most 

of  nil  tiie'iniilitiea  orpropertica  of  Matter,  on  whieli,  in  fnct,  our 

.  of  it  i»  chii-rty  finindcd  (5  5^4).  is  its  occ«]istion  n{  npicc,  [■i-odueitiK 

I  or  Ins  e"iiiiilet«  rejiietaiice  to  displueeinent ;  and  this  quality  is 

ibmtigli  whieh  aloi'o  any  knowledge  of  the  exti^mnl  world  can  be 

Bod  hy  B  hirge  ])rii|>urtion  of  tiic  lower  ATiiiniilH;  cantuH  IxilwrflU 

'  mm  Mirtju-e  Mid   some  materiul   body,  bi-in^  nijiiired  to  ]i]*udiici' 

We  shall   presently  see,  howuver,  that  the  iih.a  i>f  ihi'  tfuijw 

tbodj  which   we  fiirrn  from  the  touch,  remdla  fnuii  a  vrry  ctiiiijilex 

,  nodi  a.f  nJiiiniils  of  the  lower  gra<les  eau  scjii'euly  be  Bi[ii]«Bi-d  to 

Tlit-n-  can  be  little  doubt  that,  next  to   the  tiiei-e  sense  of 

iim<,  [teiiaibility  to  tfrnperiiturc  is    the    moat    iinivt'i-Rally  ditTused 

nigh   the  Aniiiiai  kingdom  ;  and  [irobaVily  the  non scion snej«  of  Itimi- 

fiiy  is  the  cpxt  in  the  extent  of  its  diffusion."     It  is  probable  that  the 

■  of  In^e  (which  has  a  close  affinity  to  that  of  touch)  exists  very  low 

in   tlic  animal  scale,  l>eing  obviously  of  gi'eat  iiu|")i1ance  in  the 

ction  of  food;  hut  the  Anatomist  has  no  means  of  ascertjuning  where 

retiiiement  exists,  and  where  it  does  not;  since  the  organs  of  taste 

touch  are  v«ry  similar.      The  sense  of  hearing  doira  not  seem  to  be 

tinctly  present  among  the  Invertebrate  animals,  except  in  suoh  as 

cb  most  nearly  to  the  Vertebrata:  it  ia  not  improbable,  however, 

I  Wmorous  vibrations  may  produce  an  effect  upon  the  syHbem  of  those 

,  which  do  not  receive  them  aa  sound.     The  sense  ofwiicW,  which 

iiDcemed  with  one  of  the  least  gcnei-al  properties  of  matt^'c,  appears  to 

ijtart-widely  diflhaed  among  the   whole;  being  only  Jtosseisscd  in 

degree  by  Vertehruted  animals,  anil  being  but  feebly  present  in 

i  proportion  of  these. 

Itratdes  the  various  kinds  of  sensibility  which  hufo  been  just 

Stn  era  It'll,  there  are  others  which  are  oixlinarily  associnttd  together, 

with  the  sense  of  material  resistance  (and  its  several  mod ili cations), 

the  aeose  of  temperature,  under  the  head  of  Common  ^iisation ;  but 

'  T1i«v  U  good  renson  tu  h«lie>e,  (ram  bbsermtion  uf  tbeir  linliitu,  thnt  mnn;  niiimale 

HttMtjiliblc:   vt  thtt   infliiunco,  and   ore   ilLrecl«d    by  tbe   guiilmii'c,    "f  tiyhtt  wbufw 

I  arr  ix't  aiUpted  \n  receive  tme  Tisaat  impresaiuna,  ur  tv  fonn  (iptknl  imngn;  *nd 

I  woaM  RHD  (o  be  tbe  ruuctinii  uf  tbe  red  Rpots,  freqaoitl;  Been  i>a  liniiriiiiont  |«rts 

iljf  lower  Ardculata  aud  JUoUoaoa,  iind  ewa  of  *ome  Radinla.      WbLrever  theau  are 

;-^ut  aite  lo  aUott  tb^ir  Htniotitre  to  be  examined,  tlie}  are  ft^and  1*1  tiv  lurgulj 

1  oith  nerves,  but  to  be  destital«  or  the  peculuir  iiig»iuutii>n  «lii(di   aliiue  con- 

(UtDlia  a  UVe  fjw. 
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sevi^rul  of  them,  eapeciftllj  those  wliich  originate  in  the  body  itself,  can 
scariiiily  be  i-eganled  in  this  light  Sucli  an-  the  feelings  of  hunger 
and  thirst;  that  of  nausea;  that  of  distreaa  resulting  from  8usi>eutk-d 
aeration  of  the  hlood ;  that  of '  sinking  at  thu  stomach,'  as  it  ia  vul^rly 
but  expressively  described,  which  ruiiulta  from  strong  mental  emotion ;  the 
sesuftl  sense,  and  ptrhapa  some  others. — Now  in  regard  to  &11  these,  it 
is  impoBsibla  in  the  present  state  of  our  knowledge  to  aiy,  whether  their 
f>eculiarity  results  from  the  particular  constitution  of  the  nerves  thai 
receive  and  convey  them,  or  only  from  a  modificfttion  of  the  impreiising 
causes,  from  the  particular  endowinentH  of  their  ganglionic  centre*,  anil 
from  the  mode  in  which  they  operate.  Tliua  we  liave  no  evidence  whether 
the  nervous  fibrils,  which  convey  from  the  lungs  the  sense  of  distnst 
resulting  from  deticient  aeration,  are  of  the  same  or  of  a  diiferent  cha- 
racter fi'om  those  wliich  convey  from  the  aurfuco  of  the  air-piu«sagrs  the 
sense  of  the  contact  of  a  foreign  body.  But  as  wc  know  that  nil  the 
truulcB  along  which  these  peculiar  impressions  travel,  do  tninister  U> 
ordinary  sen.sation,  whilst  the  nerves  of  truly  '  special '  sensation  are  not 
uenaible  to  tactilu  impressions,  it  is  evident  that  the  ])roljability  seems  in 
favour  of  the  identity  of  the  fibres  which  minister  to  these  sensations, 
with  those  of  the  usual  sensory  character.  We  shall  see  tluit  with 
regai-d  to  the  sense  of  Teiii]ieniture,  thmv  is  strong  eiideiice  that  it« 
peciJiarifj  depends  on  tlie  s]K;ci[i]ily  of  the  npjMirBtua  by  which  imprr*- 
sious  are  received  lit  the  peripheral  extremities  of  the  tftetilc  nerves, 
rather  thnu  upon  any  peculiarity  in  the  trariHmitting  fibres  (§  736). 

731.   There  are  certain  external  agencies,  wliich  can  cseite  changes  in 
the  Senaorium  through  several  different  channels ;  the  sensation  being  in  i 
each  case  ehariicteristic  of  the  particnlaT'  nerve  on  wliich  the  impression  ' 
ia  made.     Thus  pressure,  which  produces  through  the  nerves  of  common 
sensation  the  feeling  of  resistance,  ia  well  known  to  occasion,  when  exerteil 
on  the  eye,  the  sensation   of  light  and  colours;  and,  when   made  with  J 
some  violence  on  the  ear.  to  produce  '  tinnitus  anriura.'  It  is  not  bo  ea*.y  to ' 
excite  sensations  of  taste  and  smell,  by  mechanical  initjitiou ;  and  yet,  u 
Dr.  Baly*  has  shown,  this  may  readily  be  accomplished  in  reg»rJ  to  the 
former.     The  sense  of  iiansea  may  be  easily  produced,  as  is  bmilturlj 
known,  by  mechanical  irritation  of  the  fiiucea.     Electricity  still  more 
completoly  jiOHBeBsesi  the  power  of  affecting  all  the  sensoiy  nerves  «"illi  tlie 
changes  which  are  jieculiar  to  thorn;   for,  by  proper  management. nu  iudi- 
ridual   may  be   made  conscious  at  the  same  time  of  flaahes  of  light,  of 
distijict  sounds,  of  a  phosphoric  odour,  of  a|)eculiar  taste,  and  of  pricking  j 
sensations,  all  excited   by  the  same  caiise,  the  effects  of  which  arc  modi-] 
tied   by  the  respective  pecnliflrities  of  the  instninients  tJirough   which  | 
it  operates. — But  although  there  are  some  stimuli  which  cwi  prtxluiw 
sensory  impn-ssions  on  all  the  nerves  of  sensation,  it  will  be  found  that 
those  to  which  any  one  organ  is  /lecuHarlff  fitted  to  respond,  produoe  liltJe 
or  no  effect  njion  the  rc't.     Thu.i  the  ear  cannot  ilistinguiah  the  slightest 
difference  between  a  luminous  and  a  doi'k  object.     A  tuning-fork,  which, 
when  laid  upon  the  ear  whilst  vibrating,  produces  a  Jiirtinut  musii^l  tone, 
exoitoa  no  other  sensation  when  placed  upon  the  eye,  than  a  slight  jarriug 
feeling.     The  most  delicate  touch  cannot  distinguish  n  suhgtauce  which 

*  Truiilntiaii  of  MUllirr'a  "BiomoDti  of  PbyiJoIiig;,'' ji.  10SS  «ife. 
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IS  sweet  to  the  tn«t«,  from  one  which  is  bitter ;  nor  can  the  tnate  (if  the 
cotouiuniiaitiori  between  the  month  and  tlionose  be  oiit-iiff)  perceive  any- 
thing jieoiiliar  in  the  most  strong! y-o(J(jril'eroiis  bodies. — It  iiiny  lienco  be 
inferred  thiit  no  norve  of  special  sensation  can,  by  any  posaibilit)',  take-on 
the  Junction  of  another. 

%~Seiuie  of  TourJi. 

732.  By  the  sense  of  Touch,  as  commonly  understood,  is  meant  that 
modification  of  the  oommon  sensibility  of  the  boiiy,  of  which  the  Cuta- 
neous surface  is  the  eB[)eciaI  seat.  The  Skin  is  peculiarly  adapted  for  this 
purpose,  not  merely  by  the  larga  ftmoiint  of  sensory  nervoua  fibres  wliich 
are  distributed  in  its  sulwtaiice,  but  also  by  its  pos.seasion  of  a  pa[iiilary 
apparatus  ui  wliioli  these  nerves  terminate,  or  rather  commence.  The 
jtafnlia:  are  little  elerations  of  the  surface  of  the  cutis,  usim!!y  simply- 
conical  or  clavate  in  form  (Fig.  91),  but  sonietiiiies  presenting  numerous 
snmniita.  On  the  pajianr  aurliwe  of  the  hand,  they  ai'e  aiTanged  in  rowa ; 
and  they  are  there  so  iiumeroun,  that. (according  to  E.  H.  Weber)  as  many 
as  81  compound,  or  from  150  to  200  sirajile  papilla.',  are  contained 
within  the  area  of  a  square  (Paris)  line.  Tlie  impilliH  are  al.so  very 
numerous,  though  without  any  definite  arniugemeut,  on  the  red  wiiriaoe 
of  the  tips,  on  tlio  penis  of  the  male,  on  the  labia  minora  and  clitoris  of 
the  female,  and  ou  thenipplcM  of  both  sexes;  but  elsewhere  they  are  scjit^ 
tcred  more  widely  apart.  Ejich  sensory  papilla  i-eceivcs  one  or  more  nerve- 
fibres  fi-om  the  plexus  which  is  formed  by  the  inosculation  of  the  rami- 
fications   of    the    cutaueous 

nerves  (Fig.  91) ;   and  these  p,o_  9i_ 

nerve-fibres  seem  t<>  termi- 
nate (at  least  in  the  papilhe 
of  the  [>alm  of  the  liand  and 
of  the  Hjis,  and  in  the  aimjile 
papillpe  of  the  tongue,  §  741) 
in  a  jfeculiiir  '  axile  body,' 
which  occupies  the  principal 
part  of  the  interior  of  the 
papilla  (Fig.  02).  With  re- 
gard to  Ibo  nature  of  this 
body,  there  has  l.«en  con- 
siderable discussion  between 
Prof.  WagiiPT,  its  discoverer, 
and  Prof.  Kollikcr:*  the  for- 
mer regarding  it  as  on  organ 
altogether ^uiyencrw;  whilst 
the  latter  maintains  that  it 
is  nothing  else  than  a  mass 
of  homogeneous  connective 
tissne  with  an  external  layer  of  imperfectly-developed  elastic  tisane,  and 
that  it  is  essentially  similar  to  the  bundles  of  fibrous  tissue  encircled 

•Bee  Prof.  Wigser  In  the  Gawingen  "OelerhtB  NMhriphlen"  for  Feb.,  1853,  uid 
'•Hilller'B  Aruhiy.,"  1852,  llcfl  i;  anJ  Pruf.  Kiilliktr  in  ■■Zellwhrift  far  Wiasen- 
■ohAftliclie  Zoolu^e,"  Jaoe,  1SS2,  iui<l  id  hjit  "  MikrU!ikii|iiH^li<;  Analomid,"  tauJ  li.  |)>  34. 
Sae  >1m  Dalnll,  m  "  Edmh.  M^athlj  Joam.,"  Mikrch,  1SS3. 
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rnre-floEPr  (l.r'-iilfd  wilU  a  tulutinn  of  cBoaiic  imx1»|,  "hDw- 
iiiff  (^ir  hriinr^}u4  "f  <-n[aTL4?u>EJ*  iitrfrp,  ",  b,  Uui^i^iuMiD^  to 
ff^rmnlfrmin&lplciuA.of  whk'b  ibw  ultimate  rmmiflnrtWDB 
p&H  into  tlui  oaI*aeoaa  popiUs  t^,  e,  c 
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iiy  elastic  fibres,    wlu<*li    are  to  Iw  fouiii!    in    the    suliBtance  of 
iTutis.       This   liist   view    in   in    tl]«    nmiii    nupported  liy    Mr.    Uuiley, 
who  rogank   tlie    'axjle  Iwdy'  aa   furuiwl  by   the  cflntimuttion  anJ  in- 
creased development  of  the  ueurilenmia  of  the  nerve-tuljea  wliiuh  eutor 

the  piLi>illu,  and  as 
Fio.  82.  licariiii;  a  close  re- 

Litioii  to  the  'Pa- 
ciniau  bodies.*  •  It 
wiift  roiUDtainci)  liy 
Wa^cr,  that  tho 
jia|iill(e  which  cou- 
taiii  these  bodies, 
and  to  which  ncrve- 
libres  jiroceed,  oon- 
t«n  no  blocnl-v«»- 
mJa  save  by  ooaIb— 
eeiice  with  a  vascu- 
lar |)»[>illa;  whilst 
tliti  vascular  [mpil- 
lie  which  conlAin 
cn|>iI]arylo':ips(Fig. 
!>■!),  con^tUute  a 
dinlinct  order,  coii-. 
til  i  I  ling  no  uiffve- 
libree.  Tliia.  how- 
ever, in  denied  by 
Pi-of.  Kiillikor;  wh<i 
Ofiserts  that  the  oar 
pusculated   [w|m] 

of  the  pitlni  of  the  hand  often  contain  vcsseln,  whtlut  the  vascular  papilln 
of  tho  lip  contain   neiTea.      Mr.   Huxley  atatea    (loo.   eit.)    that  in  th« 

liunuin  finger  he  has  met  with  ci:ir].>U3i.'ulated 
papilla:  coDtniniug  vaacidar  Ii>v>|>a.  though 
I'ai'ely.— The  queutiriii  mnst  be  re^^rded  M 
still  open  to  investi^'alion  J  the  undoubted 
association  of  capillary  loops  and  nerr^ 
tubea  in  the  fungifonn  |ia]iilla>  of  tlie  Tongu*' 
($  741)  rendering  it  imjirobnble  that  thctn. 
should  Iw  a  complete  ilissociation  of  then 
in  the  tactile  papilhe  of  the  Skin  ;  irhilxt,.: 
on  the  other  hauil,  the  preseui-e  (-f  a  Inia 
(vaacular)  papillary  structure  where  a  thick 
epidermis  has  to  be  formed,  as  on  the  »olo  of 
the  foott  or  the  matrix  of  the  nail.  B««int 
to  indicate  tliat  the  i-ascular  pajiillie  of  the  [lalm  of  the  hand  inay  pro. 
bably   be   destined  rather  to  this  office,  tlian   to  |iartici|>ate  in   msoti 


till 


■hifwini:  III,-  iiieItU  i^irpttrl^  or  '  &il]0 


Fio.  03, 


oLhn'^ — 1.  In  Ibf- uuurhJ  ftljilr ; 


■I  lunrmu  u'  b]^. 


t^pUlit 


*  Sev  Itii  Mvraiiir  '  Od  tlii?  Structure  nnd  Kftntion  of  llio  CorpniEiila  IW^to*,'  ia  tt* 
"  QuHTtcrly  JuuniiU  irf  Micrwioiiiiical  &M;ni*,"  vul.  ii.  p.  1. 

t  Thu  sdId  ur  Uifl  Uiig'ii  f»>l  i*  fm-nuliKd  with  ciUKuUr  [Jitnllw,  the  iUTsiig«an>t  vt 
wbiiau  ca[fillikneH  vnry  Htrupg];  rt^cmblcatlimt  of  tlm  fnugirtirni  |V(j>llIp  oTUi*  biniEIMp  laA 
thcso  nceoi  tu  be  ■peutall;  ouliHrrieut  to  the  funu»tiua  of  it*  tbick  caticuUr  eorgna^ 
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Iity.  As  the  'nxUe  bodies'  are  only  ti>  be  fouDil  in  th<«  jinpiilte  of  tlioae 
parta  wbich  are  tlistiiigiibbeil  for  acuteneas  of  ta<;tilu  seusjl'tlity,  we 
cannot  regard  Ihom  as  emie^nCini  to  the  ex«rci»3  of  tlie  sense  of  touch ; 
their  fuuction  prohably  heiug  to  intensify  tactile  impressions,  where 
delicacy  of  touch  is  peculiarly  required. 

733.  The  relative  sensibility  of  different  parts  of  the  Sidn  may  lie  tn 
some  degree  jiidgeil-of  by  the  results  of  the  obaervations  of  Prof.  E.  H, 
Weber;  whose  luodo  of  nscertainiuff  it  was  to  touch  the  surface  with  the 
1(^  of  a  pair  of  compnssea,  the  points  of  which  were  guarded  with  pieueH 
of  cork,  and  then  (the  eyes  being  cloBot!)  the  legs  were  approximated, 
until  they  were  brought  within  the  smallest  distance  at  which  they  conld 
be  felt  to  be  distinct  from  one  another,  which  has  been  termed  by 
Dr.  Graves  '  the  limit  of  confusion.'— The  following  are  some  of  the 
measurements  thus  taken: — 

Point  of  tongue }  of  i  line. 

Pblmoj  Enrfacc  of  third  pbuloai  1  liito- 

Bed  lurfttce  of  lips  ....  2  lines. 

Pgdmamrluenf  Kcundiilmlanx  2    „ 

Ciiranl  aurfiu'e  of  third  pbalmii  3     ,, 

Pjitmiir  Eorfikoo  of  loeUicarpas  3     ,, 

Tip  of  llie  nuae 3     n 


MuiMaa  TDAmhriuiii  of  gnmii 

e  lioH 

Luwer  [iflrt  uf  fiireheaj    .     . 

.     10 

LuwLT  pirt  of  otwiput      .      . 

.     12 

Back  Df  liaad    ..... 

.     li 

Neat,  under  lower  jaw    .      . 

.     U 

VurMw         

.    16 

Skin  over  patella  .... 

.     U 

■flcram      .     .     . 

.    18 

- — - —  itromioa   .     .     . 

.   la 

Dorsoin  of  toot     .... 

.     18 

•Skia  oier  aternniD     .     .     . 

.     20 

i^kin  beneath  vvdjmt       .     . 

.     24 

Skin  oivr  spioB,  in  hack 

.     SO 

Middle  of  the  um 

.     80 

thigh   .     -     . 

.    30 

Dorsatn  Hod  edge  ofttiDgae  1 

Part  of  lipa  aoTer«d  bj  ^iln  4 

Palm  of  hand G 

8kin  uf  cheek S 

Eitrsmil;  of  great  toe  .     .     .  G 

Hard  palate 6 

Donal  Borluofl  of  first  phahuix  7 

Dorsum  uf  baud S 

It  Is  curious  that  the  distance  between  the  legs  of  the  compasses 
seemed  to  be  greater  (although  really  so  much  Icaa),  wlien  it  was  felt  by 
the  more  sensitive  parts,  than  when  it  waa  estimated  by  (larts  of  less  dis- 
tinct sensibility.  With  the  extremities  of  the  lingers  and  the  jioint  of  tlie 
tonguf,  tlic  distance  could  be  distiiigiiished  most  easily  io  the  longitudinal 
direction ;  on  the  dorsum  of  the  tongue,  the  face,  neck,  and  extreiuities, 
the  distance  could  be  recognized  best  when  the  points  wore  phiced  truna' 
Tersely.  As  a  general  ikct,  it  seems  that  the  seuaihility  of  the  trunk 
ia  greater  on  the  iue<linn  line,  both  before  and  behind,  and  Icis  at  the 
ades.  DiHercnces  in  the  temptn'atui-e  and  weight  of  bodies,  were,  accord- 
ing to  Prof  Weber's  oliservationa,  most  aocui-ately  recognized  at  the  parts 
which  were  determined  to  be  most  sensible  by  the  foregoing  method  of 
inquij-y.* — It  has  Ijeen  since  found,  however,  Vjy  Prof.  Valeutiu,  who  has 
fullowed-np  and  extended  Prof.  Weber's  oliser  vat  ions,  that  a  considemhle 
amount  of  iu<lividual  voiiatiou  exists  in  regard  to  the  '  limit  of  cou- 
fiiflion ;'  some  persons  being  able  to  distinguiah  the  pouita  at  one-half  or 
even  one-third  of  the  distances  required  by  others. 

*  See  bia  Memoir  "Da  PuIhu,  ReBpimtione,  Audita,  et  Tacto,"  LipHiie,  IB34.  See 
aim  "  RenhfTcbes  enr  U  Nature,  la  Dirtriliution,  el  I'tirgiui  du  Sem  Toelile,"  hy  M,  H. 
Belfield-Lffivrc,  Farii,  1837:  and  Pnif.  Valentin's  "Lehrliuch  der  Physiologic  de« 
HeaochuQ,"  bund  ii.  }|  5d6. — lu  the-  Author*!  articlo  'Touch'  in  the  " Cyctupuilin  of 
Anatomj  and  Pbyeiolngy,"  tut.  ii.  p.  llllB,  will  1»  fuumi  a  Table  ineludlng  the  whole 
vriBa  of  ulnn-CBtJons  inwlo  l-j  Pri'fra.  Weber  and  Valeutiu,  the  laiixma  and  iiiiHi'ma  of 
the  latter  being  Mlated,  ati  Hell  ae  the  mtani. 


688  Of  THE  OKO&KS  OF  THE  BENSES,    AND  THGtR  PttNCTIOSa 

734,  As  already  stated  (§  729),  the  only  idea  communicated  to  our 
minds  by  the  sense  of  Toudi,  wLon  exercised  in  its  ainipIiMt  foiin,  is  thnt 
of  JicsUit'ince ;  and  it  is  lij  tliu  various  degrees  of  rteistanee  whieli  the 
aenaory  surface  enuounlers,  of  whicli  we  juirtly  juda;e  by  the  muscular 
seuse  (§  'i'll),  that  we  estimate  the  hardness  or  softness  of  tlie  body 
against  which  we  [iivss.  It  is  only  when  either  the  seiisoiy  surface  or  the 
Bulatance  touched  is  made  to  change  itR  place  iu  regard  to  the  other,  that 
we  obtain  the  additional  notion  of  exteiiaifm  or  gpace;  this  also  being 
derived  from  the  combination  of  the  muscular  with  the  tactile  sense. 
By  the  impressions  made  upon  the  papUlfe,  during  the  movement  of  the 
tactile  organ  over  the  body  which  is  being  examined,  tho  roughness, 
fliiioothneas,  or  other  pccnlinr  chnmrtnrs  of  tlie  sur/twe  of  the  hittrr 
are  latimated.  Our  knowledge  of  Jirrni,  however,  is  a  very  complex 
process,  requiring  not  merely  the  oxercLse  of  tho  sense  of  toueh,  but 
ilso  groat  attention  to  the  muscular  HensationB. — It  i»  chiefly,  as  formerly 
remarked,  iii  the  variety  of  movements  of  wliich  the  hand  of  Man  is 
capable,  that  it  is  sujierior  to  tliat  of  any  other  animal ;  aad  it  cannot  be 
doubted  that  the  sense  of  Toucli  thus  employed,  affords  us  a  very  im- 
portant means  of  acquij-ing  information  in  i-cgard  to  tlie  external  world, 
and  especially  of  correcting  many  vague  and  fallacious  notions  which  we 
should  derive  fi'om  the  sense  of  Sight,  if  used  alone.  On  the  other  hand, 
it  nrnat  bo  confessed  that  o\ir  knowledge  would  have  a  very  limited 
range,  if  this  seuae  were  the  only  medium  through  which  we  coidd  acquire 
ideas.  It  b  probably  on  the  aensatioua  communicated  through  the  Touch. 
that  the  idea  of  the  material  world,  as  soinetliiug  ext«rua]  to  ourselvee, 
chiefly  rests;  but  this  idea  is  by  no  means  a  logical  deduction  from  our 
experience  of  these  sensatiotiB,  beiog  rather  au  instinctive  or  intuitive 
perception  directly  excited  by  them  (§  604). 

735.  That  the  couditioua  under  which  certsdn  of  the  modifications  of 
common  sensation  operate,  are  in  some  respects  different  from  those  of 
ordinary  Touch,  is  very  easily  shown.  Thus,  the  feeling  of  tickling  is 
excited  most  readily  in  parts  which  have  but  a  low  tactile  sensibility, 
namely,  the  armjiits,  flanks,  and  soles  of  tho  feet ;  whilst  in  the  points  of 
the  fingers,  whose  tactile  sensibility  is  moat  acute,  it  cannot  be  excited. 
Moreover,  the  nipple  is  very  moderately  endowed  with  onlinarv  sensi- 
bility ;  yet  by  n  ptrticular  kind  of  irritation,  a  veiy  strong  feeling  may 
be  excited  through  it. — Again,  in  reganl  to  Tempei-ature.  it  is  remark^ 
by  Weber,  that  the  left  hand  is  more  sensitive  than  tho  right;  altltough 
the  sense  of  touch  is  undoubtedly  tho  most  acute  in  the  latter.  He  st«t4« 
that  if  tho  two  hands,  pi-evioualy  of  the  same  temjierature,  be  plung^ 
into  ge]iarate  basins  of  warm  water,  that  in  which  the  left  hand  is 
immersed  will  be  felt  aa  the  warmer,  even  though  \ia  temprratorv  i» 
somewhat  lower  than  that  of  the  other.  In  regan!  to  the  senaations 
of  heat  and  cold,  ho  points-out  another  curious  fact, — that  a  wisker 
imjiression  made  on  a  large  surfoco,  seems  moro  ]K>werful  than  a  stronger 
impreasioii  ma<Ie  on  a  siiiail  surface;  thus,  if  the  forefinger  of  one  hunt 
be  immersed  in  water  at  104°.  and  tlio  whole  of  the  other  luuid  be 
plungeil  in  wat^ir  at  102°,  the  cooler  water  will  be  thought  the  warmer; 
whence  the  well-known  fiict,  that  water  itt  which  a  finger  can  I*  held, 
will  scald  the  whole  hand  Hence  it  also  follows,  tliat  minute  difloriTncw 
in  temperature,  which  are  imperceptible  to  a  ^gle  finger,  are  apptvcdntcd 
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by  plunging  the  whole  hand  into  tlio  water:  in  this  manner  n  difference 
of  one-third  nl'a  degree  may  rendily  be  detected,  when  tlte  siinie  hand  is 
plitccil  successively  in  twii  vessels.  The  judgment  ia  more  accui'ate, 
wlieu  the  temperature  is  not  much  above  or  mneh  below  the  usual  heat 
of  the  body;  just  as  sounds  are  beet  discriminated, when  neither  very 
acute  nor  very  grave. 

736.  Some  further  oiperimenta  have  more  recently  been  made  by  Prof. 
Weber,*  to  determine  whether  the  senae  of  Temperature  is  received  through 
any  other  channel  thuu  the  sensory  apparatus  contained  in  the  inte- 
guments.— The  first  means  of  wjiich  he  availed  himself  for  deciding  this 
question,  wels  that  afforded  by  the  results  of  (tecidcTit  or  surgical  operations, 
in  which  a,  poi'tion  of  skin  bad  been  left  deficiont.  Thus,  in  three  cases  in 
which  a  lai'jte  portion  of  the  skin  had  been  deati-oyed  by  a  burn,  and 
in  which  heuling  had  not  advanced  so  far  ns  to  renew  tlie  organ  of  touch, 
it  wM  found  that  no  correct  discrimination  could  be  made  lietween  two 
spatulas,  one  of  them  at  a  temjrerature  of  from  48°  to  54°,  the  other  of 
from  113°  to  123°,  which  were  brought  into  contact  with  the  denuded 
surface ;  so  that  one  of  these  patienta  thrice  affirmed  that  he  was  being 
toiiche<l  with  the  cold  body,  when  it  was  warm,  and  the  reverse.  But 
when  the  spatula  was  in  one  instance  made  soiucwhat  warmer,  and  was 
brought  into  contact  with  the  unskinned  surtiicc,  the  [latient  felt  not 
heat  but  pnin. — Another  means  of  gaining  information  on  this  point,  is 
afforded  by  the  ingestion  or  injection  of  a  large  quantity  of  warm  or  cold 
fluid  into  the  stomach  or  intestinal  canal.  Thus  Professor  Weber  states, 
that  after  drinking  a  tumbler  of  water  at  32°,  he  felt  the  cold  water  in 
the  mouth,  in  the  palate,  and  in  the  pharynx,  as  far  as  the  limits  of  the 
sense  of  touch ;  but  the  giitdual  passage  of  the  cold  water  into  the  stomach 
could  not  be  perceived.  There  was,  it  is  true,  a  slight  sensation  of  cold 
in  the  gastric  ixigion;  but  as  it  only  occupiinl  the  situation  of  the  anterior 
wall  of  the  stomach,  it  was  attributable  to  the  aliatraetion  of  heat  from 
the  abilominal  integuments  in  contact  with  tliLt  In  an  opposite  esperi- 
raent,  the  author  drank  quickly  three  glasses  of  milk,  the  t^'miierature  of 
the  first  of  which  was  158°,  that  of  the  second  145°,  whilst  that  of  the 
third  waa  inf«nnediat«  between  tlie  two.  The  sensation  of  heat  could  not 
be  traced  lower-down  than  that  of  the  cold  in  the  previous  experiment. 
At  the  moment  when  the  fluid  entered  the  stomach,  there  was  a  feeling 
which  remained  for  wime  time,  but  which  could  not  bo  distinguished  as 
heat,  being  mistakealile  for  cold.  In  order  to  ascertain  the  sensation 
produced  in  the  large  intestine  by  oold  water,  an  injection  of  14  ounces 
of  water  of  the  temperature  of  65°  was  thrown  up  the  rectum  ;  but 
scarcely  any  sensation  of  cold  could  be  perceived  from  it.  In  another 
inatance,  21  ounces  of  water  at  the  same  temperature  were  thiis  injected, 
without  any  resulting  sensation  of  cold.  In  both  these  caries,  on  the  retiirTi 
of  the  enema  a  few  minutes  afterwards,  a  distinct  feeling  of  cold  was  ex- 
perienced at  the  anus.  When  water  of  so  low  a  temperature  as  45)° 
was  injected,  the  first  feeling  eicitetl  was  a  sensation  of  cold  in  the  im- 
mediate ueighlHiitrhood  of  the  anus,  and  then  a  feeble  movement  in  the 
liowels;  but  a  little  time  (ifterwHrdB,  there  was  a  faint  sensation  of  cold, 
esijeeially  in  the  anterior  wall  of  the  abdomen.  This  sensation,  however, 
remained  after  the  return  of  the  water;  and  may  hence  be  attributed  to 
•   "MuIIlt's  Archiv.."  181B.  heftiv,,  ..   3T3-'2S3. 
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the  abatniction  of  wftmith  fmm  the  abdominal  inte^^iuneata,  wliich  was 
proved  to  hiivo  taken  jjliice,  tho  tomperature  of  the  siivlUce  being  lowered  3°, 
So,  again,  if  the  cavity  of  the  nose  be  lilleil  with  cold  watoi",  the  coldiieRS 
is  only  perceived  in  the  parts  of  the  cavity  whicli  are  moat  endowed  with 
tho  proper  tactile  senne,  namely,  tlie  neighbourhood  of  the  noatiila  and  of 
tliu  pharynx ;  and  it  is  not  at  all  disocmible  in  the  higher  part  of  the 
cavity,  which  ia  especially  substirvient  to  the  olfactory  sense.  But  when 
the  water  injected  ia  very  cold  (e.  g.  41°),  a  peculiar  pain  is  fell  in  the 
itp)>er  [Hirt  of  the  nasal  fowue,  extending  to  the  regions  of  the  tbrehead 
and  the  lochi'ynial  uanab;  thiapain,  however,  is  altogether  diflorent  from 
the  snusu  of  c<)ldnci«. 

737.  From  the  fi)regoing  esporimcnts  it  appears  fair  to  conclude,  that 
the  aenHoty  nerves  have  no  [lower  of  receiving  iniprcssioiis  iudicative  of 
difference  of  Temperature,  luileaa  those  ini}ireaHiona  are  couimiinicHt«d 
throiigli  a  special  organ ;  but  they  afi'ord  no  adequate  ground  for  the  sai)- 
position,  that  n  set  of  nerve-fibres  ia  ])rovided  for  theii'  ti-ausmiasion  dis- 
tinct from  those  which  minister  to  common  aeiisatioii.  This  conclusion 
is  contirnied  by  tho  fact,  tliat  wo  cannot  excite  impressions  of  heat  or  cold 
by  direct  application  to  the  trunks  of  nerves  which  we  know  must  con- 
duct auuh  impressions:  for  the  parta  of  the  skin,  immedialely  beneath 
which  lie  large  nerre-tninks,  arit  nut  more  senaitive  to  iiio<leral£  beat  or 
cold  than  are  any  others ;  whilat  a  greater  degi'se  of  cither  is  felt  ns  paiu, 
iiot  as  ft  change  of  temperature.  Thus,  a  misture  of  ic«  and  WAter, 
ujiplied  over  thi!  ulnar  nerve,  alfects  it  in  6ft*eu  Reconds,  and  prodaeis 
severe  ])aiu,  having  no  rcseinblrtneu  to  cold,  and  auch  a.-i  cannot  l>e  excited 
by  the  same  deiiree  of  cold  applied  to  any  other  region.  So  the  nerve  of 
the  tooth-pulp  is  er[ually  and  similarly  alFected  by  water  of  43°  and  of 
1 12°;  either  application  eau.jing  a  |Mun  exactly  similar  to  thiit  excited  by 
the  other,  or  to  that  proiliiccd  by  pressure.  The  same  is  true  of  the  im- 
preasions  i-eeeived  through  the  akin  it*olf,  when  they  [Mtaa  beyond  uertwn 
limits  of  intensity;  thus,  the  seiLsation  produced  by  touching  froxeu 
mercury  is  said  to  be  not  diatinguiahable  from  that  which  reaulte  fn>u 
touching  a  red-hot  iron. 

738,  The  improvement  in  the  sense  of  Touch,  in  those  persona  whom 
dei>endence  upon  it  ia  increased  by  the  loss  of  other  seuaes,  ia  well  knawD ; 
this  ia  doubtless  to  ho  in  part  attributed  (as  already  remarked)  to  the  in- 
creased attention  which  ia  given  to  the  senaittioua,  and  in  pail,  it  may  be 
Buriuiae<l,  to  tai  increased  development  of  the  tactile  orgaus  themselfn, 
resulting  fi'om  the  freipumt  use  of  them.  The  pn:>ce^  of  the  uixmitv- 
ment  of  the  ]iowei'  of  I'ecogniziug  elevated  charactci-s  by  the  touch,  is  n 
remai-kable  e.vaiiiple  of  this  imppoveability.  When  a  blind  (Hiraon  firrt 
commeucea  learning  to  read  in  this  manner,  it  ia  neoesKary  to  use  a  lar^ 
type;  and  every  individual  letter  must  be  felt  for  some  time,  before  a 
iliatinct  iilea  of  its  form  is  acf[uire*l.  After  a  short  period  of  diligtint 
apjilicatioQ,  the  individual  becomes  able  to  recogiiiKe  the  comliinatiun  of 
letters  in  wonls,  without  ftu'ming  a  separate  concejition  of  eacli  letter; 
and  can  rwid  line  after  line,  by  pipsiiig  the  finger  over  each,  witli  oonn- 
deraUle  nipidity.  When  this  jiower  ia  once  thoroughly  acquiivil,  th«iiu> 
of  the  type  may  be  gnulually  dimiuJaheil ;  and  thu.s  blind  persons  may 
hring  themselves,  l.y  flutticicnt  practice,  to  itiad  a  type  not  much  iatiger 
than  that  "fan  onlinary  large-print  Bible,     Tliecnse  uf  Sanndersun,  who^ 
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tliuugti  111!  loHt  his  sight  ut  two  ynira  nlJ,  b«^caine  Proiessor  of  Maltie- 

ilioa  At   (.Wubriil^.   in   well   knowu;  amongst   his   most    remarkablo 

iltins  was  that  of  dbtiiiguiehitig  geanine  medals   from   iimtationn, 

hicji  tifi  could  do  more  accurately  thau  niany  oonuoiaseura  id  fiiU  pos- 

atm  iif  their  senses.     Several  instiinces  are   rucorded,  of  men    who 

no  Miiinent  as  Scidptora  ail^r  the  lo!)s  at  their  sight,  and  who  were 

ticulurly  siiccessfiil  in  modelling  portraits  busts :  hore,  it  is  obvious, 

pt  merely  the  liiHilr.  Iml  the  miisKidar  sensibility  must  be  jirroatly  aiig- 

ftiO^l  in  ainiteness  by  the  hAbiC  of  attemling  ti>  it.     Tlie  jwtwer  of  im- 

rccognition  of  individuals  by  the  slightest  coutuct  of  the  liantitt, 

'  loug  periods  of  time,  which  most  blind  and  deaf  persona  have 

nyed,  is  one  of  the  most  aurtous  exiimples  of  the  jnoJo  in  which 

Dluttl  I'en.-et'lions  will  iniprosa  tbemaelvia  on  the  memory,  when  they 

Jiitiiitlly  iitWtidod-ta     Aa  an  example  of  the  correct  notions  which 

f  be  ojuvi'Ved  U>  the   mind,    of  the  forms  und  ourfiices  of  u   great 

rii?ty  of  obj«."ta.  imd  of  the  giiHEcieuey  of  these  notions  for  aeaumte 

|Di[>«risiin,  the  Author  may  mention  the  ea-te  of  a  blind  fiieml  of  his 

ru,  who  has  aoqiiired  a.  very  comjilete  knowledge  of  Conehology,  botli 

ent  and  fossi! ;  and  who  is  not  only  able  to  recognize  every  one  of  the 

inii-roua  epecimeiu   iu   his  own   cabinet,   but   to   mention   the  nearest 

Mcra  of  a  shell  previously  unknown  to  him,  when  he  has  thoroughly 

iinined  it  by  his  touch.     Muny  similar  instances  might  be  cited,  one  of 

I  tooeX.  remarkable  being  that  of  John  Gough.  who,  though  bliud,  waa 

botanicul  collector,  and  earned  his  livi-liliood  as  a.  land-surveyor. 

vcnil  cases  are  on  record,*  of  the  acquire  nieut,  by  the  blind,  oft  lie  power 

distinguish  It)  g  the  colours  of  Burfaces  wliicli  were  aimilar  in   other 

%;  and,  however  wouderful  this  may  seem,  it  is  by  no   weans 

alible.     For  it  is  to  be  remoiubered,  tliat  the  difleitiati'  of  colour 

ids  upon  the  [loaitiou  and  arrangement  of  the  partiirlcs  eomp'iaing 

sni-fiici.',  wlijch  render  it  capibte  of  retlectiug  one  ray  whilst  itnbsorIi>i 

the  umX.;  and  it  Ls  quite  consistent  with   what   we  know  from  other 

piurvs,  to  believe  that  the  sense  of  Touch  may  Ijecome  so  refined,  as  to 

aonicate  a  perception  of  sach  differencea.t 

3.  Sente  of  Taste. 

sense  of  To-ite  is  that  by  which  we  distiuguish  the  sapid 
I  of  bodies.  The  lerni,  as  commonly  understood,  includes  much 
more  than  this;  being  usually  *-raploye<l  to  designato  the  whole  of  that 
^klkowledge  of  the  quahties  of  .t  body  (except  such  as  is  purely  tactile), 
^Miitih  we  derive  thiTiugh  the  sensory  appanitus  situatcil  within  the 
^■outli.  But  it  will  be  hereafter  shown  that  u  considerable  jrart  of  this 
^B  depeudent  upon  the  assistance  <if  the  olj'ticlive  sense  (§  T43) ;  which  is 
^Bectwl.  through  the  posterior  nares,  by  the  odorous  emanations  of  all 
^■dl  bodies  aa  are  capable  of  giving  them  oft":  and  the  indications  of 

*  Among  th«  bert-antlienOcateii  of  thasa,  is  that  of  o  !mly  who  liecniuc  hliiiil,  aoil 
ftflerruds  deaf,  in  cDHavqiieuc?  of  au  Httock  of  coafliitnt  qmn-ll-piti ;  cited  in  l>r.  Kitto^a 
"  Ifjrt  Stuuna,"  vol.  ii.  p.  79,  from  the  "  Antiusl  HepE(«r"  for  1758.— Dr.  Kittu'a  tici»- 
Uae  may  hv  cefeired-to,  nit  eunlAiniiig  a  bu-gi!  cvUeutiou  if  intarcKling  cHsea  i:t  a  mmilur 
ildfrripti'm. 

t  Pur  *>me  aihlitionnl  detiuU  in  regun!  to  the  Beuae  of  Touub,  sw  tho  Author's  uiicle 
•  Tonidi'  ill  the  ' "  Cjolopsodin  of  AD«ti)inj  uid  Pbyeiology,"  toI.  iir. 
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wbich  are  no  oombiaed  with  thoee  of  the  true  ^st&tive  sense,  as  to 
iDake  ail  appareutly-aingle  impresaiou  upon  the  Seimoritim.  Moreover, 
there  are  certain  sensorial  impressions  re<M^ived  through  the  organ  of 
taate,  which  arc  bo  nearly  allied  in  their  character  to  those  of  fouc/t,  bs 
to  render  it  diffititlt  to  specify  any  fimdamental  difference  betweeu 
thum:  such  are  the  puiiffejit  senRations  |iro<iuced  by  mustard,  pepjier, 
the  essential  oils,  itc.;  alJ  of  which  Bul)atAnces,  when  H[iplied  for  a  suffi- 
cieot  length  of  time  to  any  part  of  the  ciitaneouB  surface,  proiluce  a 
sensation  which  can  scarcely  I*  diatinguiahed  from  tliat  eicited  through 
the  organ  of  tast«,  in  any  other  way  than  by  its  inferior  intensity,  and  by 
the  aWnce  of  the  conciirreut  odorous  emanations.  The  famle  of  sudi 
substances  might  therefore,  perhaps,  ))e  considered  as  the  oomposite 
result  of  the  impresaiona  made  upon  the  Bens<)rium  throiigh  a  refined 
and  acute  touch,  and  by  the  eflect  of  tlieir  odorous  emanationa  upon  the 
organ  of  anifU.  After  making  full  aJlowanoe,  however,  for  all  sjich  u 
can  be  thus  accoimtcd-for,  there  remains  a  large  class  of  pure  aaport,  of 
which  we  take  cognizance  without  the  assistance  of  smell,  and  which 
are  altogether  dissimilar  to  any  tactile  impressions :  such  ai'e  the  biUer 
of  ijuiuino,  the  sotir  of  tartaric  acid,  the  noct^  of  sugar,  the  anlitie  at 
common  salt,  &c.  Tiie  smell  can  give  us  no  sssiat-auce  in  diatinguisbiug 
sniall  [larticles  of  these  bodies,  since  they  are  either  entirely  inodorous, 
or  BO  nearly  so  as  only  to  be  recogniiable  through  ita  means  when  iu 
large  miuises;  and  the  most  refined  touch  cannot  aflbrd  any  indication 
of  that  kind  of  difference  among  them,  of  which  we  are  at  once  rcndetvd 
cognizant  liy  taate. — Of  all  the  'special'  senses,  however,  that  of  Taste 
is  most  nearly  allied  to  that  of  touch,  oh  appears  from  sevei-al  consi- 
derations. In  the  fii-at  place,  the  acliial  coiitnct  of  the  object  of  Bea»e 
with  the  organ  through  which  the  impression  ia  received,  is  necessary  in 
the  preBcnt  case,  as  in  the  preceding.  Again,  it  apjiears  from  the  oon- 
siderations  formerly  ailduoed  (§  4St5),  that  thci'e  in  no  special  nerve  of 
Taste ;  for  the  gustatjve  impressions  upon  the  front  of  the  tongue  are 
conveyed  by  the  Lingual  branch  of  the  Fifth  pair,  whilst  thoao  made 
upon  the  back  of  the  organ  are  convoyed  by  the  GloHso-pharyiigeal,  both 
of  which  nerves  also  minister  to  common  Bciisibitity;  and  pressure  on 
the  trunk  of  either  of  these  nerves  gives-rise  to  jmin,  which  ia  not  the 
ease  with  either  the  olfactory,  the  optic,  or  the  auditory  nerves,  JUok- 
over,  tlie  papillary  apparatus,  through  which  the  guatative  imprca^ons 
are  made  upon  the  extremities  of  these  nerves,  is  essentially  the  niue 
in  struoture  with  that  of  the  Bkiii. 

74U.  For  the  Gustative  uerve-fibres  to  be  impressed  by  the  dis- 
tinctive pro]>ertieH  of  sapid  subatancea,  it  apjiears  requiait*  th«t  these 
substances  should  be  brought  into  imme^iiate  relation  with  them,  and 
that  they  should  jjenetratc,  in  the  state  of  solution,  thnnigh  the  invest- 
ments of  the  [lapillie,  into  their  substance.  ThLi  would  seem  to  be 
proved  by  the  two  following  facts:  first,  that  every  substance  which 
poaseaaea  a  distinct  taste  is  more  or  less  soluble  in  the  fluids  of  lie 
mouth,  whilst  suljstancea  which  are  perfectly  insoluble  do  not  make  ihrir 
presence  known  in  any  other  way  tlian  through  the  sense  of  touch ;  mad, 
second,  timt  if  the  most  sapid  substance  be  applied  in  a  diy  st«te  to  the 
papillary  surface,  and  tliia  bo  also  dry,  no  sensation  of  taste  is  esdt«^ 
Hence  it  may  be  inferred  that,  in  the  reception  of  gustative  imprcMuons, 
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is  produced  in  the  molecular  cooditicn  of  tlie  nerve-fibrM,  or, 
une~~tlie  lauguage  of  Mesors.  Tixld  imd  Bowniiui,  tlieir  polarity  is 
.cil<><l,  by  tlie  direct  agency  of  the  sapid  matter  itself.  This  change  may 
iailuo^,  howerer,  both  by  electrical  and  liy  mechiuiicfll  Btimutntion. 
«  make  the  tongue  form  part  of  a  (galvanic  oirciiit.  a  peculiar 
lion  is  exciteil,  which  is  cortaiiily  alliol  rather  to  the  guatntive 
U>  the  loctile,  and  which  docs  not  seem  t«  lie  due  (us  was  at  one 
ic  nupi>06cii)  to  the  dpcomjiositiou  of  the  nalts  of  the  saliva.  And,  art 
r.  Italy  ha*  [«jiul*d-uiit,*  "  if  the  end  of  the  linger  be  made  to  strike 
lickly,  but  lightly,  the  surface  of  tlio  tongue  at  its  tip,  or  its  edge  near 
tip,  »o  as  to  aft'eot  not  tlie  substance  of  the  organ,  but  merely 
|upill«,  a  taste  sometimes  a«id,  sometimes  saline,  like  the  laate 
by  electricity,  will  be  distinrtly  perceived.  The  senaatiou 
thoB  induced,  will  sometimes  continue  ^veral  seconds  after 
'BpiJication  of  the  mechanical  atimuluii."  On  the  other  hand,  as 
agner  has  inily  remarked,  if  the  surface  of  the  tongue  near  the  root 
Uiuched  with  a  clean  dry  glaRS  rod,  or  a  drop  of  distilled  water  be 
upou  it,  &  slightly  bitterish  sensation  is  produced :  and  this,  if 
IV  preseiire  be  continued,  pASS>>s  into  that  of  naUKen,  and  if  the  pressure 
increased,  even  excites  vomiting.  The  feeling  of  nausea  may  be 
:cit»^  by  mechanical  irritation  of  any  part  of  the  surface  of  the  faiioea 
»oft  palate;  and  this  feeling  is  certainly  much  more  allied  to  tbftt 
taete,  than  to  that  of  touch.  Farther,  it  has  been  observed  by  Henle, 
if  a  small  current  of  air  bo  directed  upon  the  tongue,  it  gives  rise 
«  cool  sUiiie  tflsto  like  tliat  i>f  sultpetre.  Thiia  wc  fiud  that  the 
effects  of  sapid  substances  upon  the  nerves  of  taste  may  be 
luted  to  a  certain  extent  by  other  agencies :  and  it  also  appears  that 
sensations  excited  by  these  vary  according  to  the  part  of  the  gus- 
Uttive  saHace  on  which  they  operate;  mechanical  or  eloctrioid  atimula- 
in  of  the  front  of  the  tongue  giving  i-iai)  to  a  kind  of  saline  taste, 
it  mechaDical  stimulation  applied  to  the  back  of  the  tongue  and 
excites  the  feelings  of  bitterness  and  nausea.— ^One  of  the  con- 
rwquisite  for  the  duo  exei-oise  of  the  giistative  sense,  is  a  tem- 
,ture  not  departing  far  on  either  side  from  that  which  is  natural 
body.  It  appears  irom  the  eiqieriments  of  Prof.  E.  H.  Weber,+ 
if  the  tongue  be  kept  immersed  tor  nearly  a  minute  iji  water  of 
125",  the  taste  of  sugar  brought  in  contact  with  it,  either  in 
powder  or  solution,  is  no  longer  perceived;  the  sense  of  touch,  uanally  so 
plicate  at  the  tip  of  the  tongue,  I>eing  also  rendered  impeifect.  A  similar 
iperfection  of  taste  and  touch  wa.s  produced  by  immersing  the  tongue 
<r  the  same  length  of  time  in  a  mixture  of  water  and  braken  ice. 
741.  The  surtuce  of  the  Tongue  is  uivdoubtedly  the  special  seat  of 
giutative  sensibility  in  Man;  though  the  sense  of  Taste  is  not  by  any 
mouis  restricted  to  that  organ,  being  diffused  in  a  less  degree  over  the 
soft  potate,  tlie  aj'ches  of  the  palate,  and  the  fauces.  It  is  on  the  tongtie 
alone,  however,  that  the  papillary  apparatus  is  fully  developed;  and  its 
■trncture  has  been  so  carefully  examined  and  described  by  Messrs.  Todd 
and  Bowman,J  tiiat  little  remains  to  be  added  to  their  account  of  it. — 

•  nauUliiici  tit  "Mu!ler'»  Physiology,"  p.  1082  noii. 

f  "MttUcT'i  Arohit.,"  1847,  ».  3*2, 

J  '*  Plijinoloifi™!  AnKiOin}  Mid  PhyiinlnKj  of  M»n,"  vol.  i.,  i-liAp.  it. 
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The  liiigiiitl  pupilliE  may  be  (livjileil,  in  the  fii^t  place,  iuto  tiie  .Simpw 
and  the  Cintipauad ;  the  former  of  which  had  previously  eBcai>ed  obsor- 
vation,  through  uot  forming  any  appawnt  projection.  Tlie  Simple. 
papilliB  are  scattered  in  the  intervals  of  the  conijiomid,  ovRr  tbe  general 
sur^e  of  the  tongue ;  and  they  occupy  much  of  the  aiirfaoe  behind 
the  eircuui  vail  ate  variety,  where  no  comjiound  jiapillie  exist.  They 
are  completely  buried  and  concealed  beae-ath  the  coutinimua  fiheet  of 
epithelium,  and  can  only  be  detected  when  tliis  niemVjrane  bna  been 
removed  by  lunceration ;  they  are  then  found  to  have  the  general 
characters  of  the  cutaneous  piijiUlie.  The  Cuinpouiul  papillfe  are  visible 
to  the  naked  eye ;  itiid  have  been  classilied,  according  to  their  iihnpe, 
into  the  ciTCHmvaUate,  the  fiinrjiform,  and  the  fili/oriih.  The  cireum- 
vaUatc  or  calycifitrm  papillie  are  eight  or  Ii'U  ill  imniljer,  and  are  situated 
in  a  V-shapcd  line  at  the  base  nf  the  tongue.  Each  consists  of  n  central 
flattened  circular  projection  of  the  miicoua  membnuie,  surrounded  by  a 
tumid  ring  of  about  the  same  elevation,  from  which  it  ia  separated  by 
a  narrow  circular  fisHure.  The  surface  of  both  centre  and  bonier  is 
(Uuooth,  and  ia  invested  by  scaly  epithelium,  which  conceals  a  multitude 
of  simple  papilliH.  The  Jitiujifirrm  pajiille  are  scattered  singly  over 
the  tongue,  chiefly  ujion  its  sides  and  tip. 
Tliey  project  ctmaidembly  from  the  surface 
and  are  usuidly  narrower  at  their  bnse  than  at 
their  summit.  They  contain  a  coiriples  cajnl- 
laryplexua(Fig.!>4),  the  terminal  loopsufwliich 
cuter  the  numerous  simple  papillfe  that  clothe 
the  surface  of  the  fungiform  Iwdy.  Amidst 
these  lie  nerve-tuljos.  which  proWbly  have  a 
looped  arrangement;*  and  the  epitheliumwliidi 
covers  theni  is  so  thin,  ns  to  allow  tbe  r^ 
colour  of  the  blood  U\  be  seen  tliroiigh  it.  In 
this  manner  they  are  readily  distill  pushed  from 
the  filiform  papillie,  among  which  they  lie.  The  yi'/i/(in»  iiapillie,  likn 
the  preoeding,  contain  a  plexus  of  capillaries,  and  a  bundle  of  ncrrp- 
fibres,  both  terminating  in  loops,  wliich  enter  the  simple  paiiillie  that 
clothe  the  Kurface  of  the  compound  body;  but  instead  of  l*eing  coverwJ 
with  a  thin  scaly  epithelium,  they  are  furnished  with  buu^lles  of  long 
pouited  proce.ss('a,  somo  of  which  approach  hairs  in  their  stiffiieiw  and 
structure.  These  are  immersed  tn  the  mucus  of  the  mouth,  and  way 
be  moved  iu  any  direction,  though  they  are  generally  inclineU  back- 
wards.— ^Tbe  simple  [lapillsa  which  occur  in  au  isoialid  manner,  may 
not  imjirobably  be  tactile;  whilst  those  which  are  aggregated  in  th* 
ciruuiu vallate  and  fungiform  bodies,  doubtless  minister  to  the  setiM  of 
Tast«,  this  being  mont  acute  in  the  situations  wherein  they  moat 
abound.  With  regard,  however,  to  the  office  of  the  filiform  papillie.  there 
seems  much  reason  to  coincide  in  the  opinion  of  Messrs.  Todd  and 
Bowman ; — "  The  comparative  tliicknosa  of  their  protective  covering,  th« 

•  The  Aulhiir,  in  wmjnnflion  iriOi  Mewra.  Dowuuuj,  T.  Wlmrtoo  J™™.  kA  KittDoa, 
haa  muiit  oirvfiillv  vxnioiDed  tbe  okkIv  of  tonuiiuitioii  of  the  eutvcs  iii  the  fuDKirunii  niaUai, 
with  the  riew  of  tosting  tliK  nUdilyof  the  nsiwrtioii  of  Dr.  W»ll«  ("Phil.  Trwu.,  1S4SI 
dint  thcj  havti  frw  tTUTii^^itcd  oitroniitJf.-ti.  No  such  ecroiiriatiuiiA,  hiivevvr,  could  b« 
eihibitnl  to  theiii  hj  Dr.  WuUn. 
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■nd  brush-like  airangonient  of  their  filamentary  iiroiliicHotiH, 

'  gTMliCr  (lavolo|ilniint  in  th»t  [•ortiun  of  the   (luiMiini    of  thp  toiiginr 

U  oUaAjr  oni[ili()-t'iJ   iu   tlie  iiiovemoDb:*  of  tuiisticat.ion.  nil   cviiK*" 

■  Hul«-rviiiic(!  of  tlu.'^B  papiiiip  to  the  luttei-   fimctioiL.  rnt.hcr  ihwi   Ui 

ftC   'if  Uut*.*;  aiul  it  in  cvi'lent  that  their  iaolution  aiul  fsirljal  moliillty 

uo«  uuothtr,  liiufl   rtTiidfir  thu   JflicnU'   touch  with   wluVh   they  are 

mwrI,  iiioixi  nvjiihible  in  directiiit;  the  museuliir  iictioiis  of  the  orgBii. 

limnt  inaiiiinl  dexterity  of  the  orgim,  iu  dealing  with  luiimU;  {hi.t'< 

lol'  fiKil.  is  prohiibly  proviiknl-fop,  na  far   as  senaihility  eoiiiluce»  Ui 

,  In  tile  Htnictiire  and  armugeuieut  of  tht»e  j>ii[iillLe,"      It  dulv  ho  added. 

L  til''  tiliform  |iapiliie  of  Miui  aeem   to   be  the  nidtiuentury  fonun  i>f 

i  h"niy  rpithelial  pi'ocetaos,  which  ac(|iiire  so  grwit  a  de%*elo[)meut 

t<>ii^i(9  of  tite  Oaraivoro,  aud  which  are  of  such  importance  iu 

'  •lir»sion  of  tlieir  food. 

741!.  The  sinijilu  ajipliimtion  of  a  sapid  subatance  to  tho  giiststivn 

.  Is  luiiBlly  suffif'ieDt  to  e]c<;il«  the  sensfttion  ;  niid  if  tliis  appliav- 

b*   n!Btriot«d  tu  one   jiarlioulfti'  s|)ot,  we  ni'B  able  to  recigiihee  Itu 

laore    or  Ifss  distinctly.      In    this  rcs|)cct,   then,   the  giiHtiilJve 

on  reaembtes  the  tactile;    for   whiUt  we  otimot,  by  tnir  nwii 

una,   distingimh  the   )inrU   of  the   retina   or   of  the   riuditorv 

ppBrntin  on  which   visunl   or  Auditor}'    iiupruSHious   ait;  iiiiide.  we  I'liii 

Icn  this  distiiietiun   in   refrmxl  to  the  sui-faee  whjeli  is  siippliol   by  the 

trvMi  uf  j^-ni'jul  gense.     'X'liia  dijteruiiiiutiuri  is  most  pn.>ciM\  when  the 

l[in«Hiu[i  ig  uinile  on  the  imrtfl  of  the  tongue  of  which  thu  giwttitive 

aibilitv  is  moat  ftcutc,  naiui-lj,  the  apex,  sides,  and   posterior  [uirt  of 

'dorauiii;  being  pmliahly  wded,  however,  neiir  tho  tip,  by  the  aeute- 

(•f  itM  tactile  sensibility.  The  iiui'i-essibility  of  the  mi'ldle  portion  of 

duTOuiii  is  greatly  inferior :  but  still,  when  the  guatative  sensation 

beeu   excit«i  there,  it   is   referitnl  to  the  sjwt  on  wjiicli  the  sapid 

nee  was  laid.      The  contact  of  gapid  subntuncea  much  iiioi'c  readily 

dteB  a  giutative  sensatiou,  when  it  is  iniide  to  press  upon  the  pa|)ilhe. 

'  i«  lonrcd  over  them.      Thus  there  are  some  Bultatancea.  whose  tnt<t«  in 

tint  jierceived  when  they  ore  aini[ily  apjilied   to   the   centriU   piirt  of  the 

doraam  of  the  tongue,  hut  of  wlioae  preaeiicc  we  are  at  ouce  rendered 

«ogIU2ant  by  pressing  the  tongue  against  the  roof  of  the  mouth.     The 

ftUI   flavour  of  a  sapid  auhiitiiiiee,  itgaiu,  ia  more  readily  |)Ci-ceived  when 

h  b  robbed  ou  any  jxirt  of  the  tongue,  than  when  it  is  simply  brought 

in    cuiiUu't   with    it,   or    pi'esaed    ogniust   it,      Even    when    liquid)^   are 

ruxured   into  the   mouth,  their  taste  ia   most  completely   diseriminateJ 

by  iHusiug  them   to   move  over  the  gustative  surfiice:  thus  the  'wine- 

taatan"'  tukea  a  small  i]Uiiiitity  of  the  liquor  into  his   month,  cnrrlcs  it 

rupidly  over  ev«^ry  part  of  iia  lining  membrane,  and  then  ejects  it.     It 

^M  iwt  impruliable  tluit  this  exaltation  of  the  usual  eflecta  is  simply  due 

^b  mechanical  causes ;  the  snpid   particles  being  brought  by  the  pressure 

^W  movement  into  more  mpid  and  complete  operation  on  the  uerve-fibros, 

tli&ii  they  would  he  if  simply  placed  in  contact  with  the  |)apillie. 

743.  The  impressiona  mode  upon  our  coiisciouaneBS  by  a  large  pro- 
piirtiuu  of  sapid  flubst.inceH,  are  of  a  complex  kind ;  being  in  part  derived 
froui  their  odorous  emanations,  of  which  we  take  cogni/imue  tlu-ougb  tho 
orgnti  of  Smell.  Of  this  any  one  may  convince  himself,  by  clijsiug  the 
noatrils,  lind  inspiring  and  expiring  through  tho  mouth  only,  whilst 
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holding  in  tLe  aiouth,  ur  oveu  rubbing  between  tlie  tonf^  and  the 
palate,  some  aromiitic  subataiice  ;  for  its  laate  ia  then  Bcaroely  recogniied, 
although  it  is  immediately  perceived  whtn  ita  effluvia  are  drawn  into  the 
nose.  It  b  well  known,  too,  that  when  the  sciiFibility  of  the  Schuci- 
derian  membrane  is  blunted  by  inflammation  (as  iii  nn  oi-dinary  '  cold  in 
the  bead'),  the  power  of  iliatinguishing  fla-vojirs  is  very  mueli  diminiaUed. 
In  fact,  some  Physiologists  am  of  opinion  that  ail  our  knowledge  of  the 
jlaimi'r  of  sapid  suliatancea  ia  received  through  the  Smell;  Imt  tUiB,  as 
already  shown,  would  not  be  a  correct  statement;  and  there  are  cases  on 
record  in  wliifh  the  sense  of  Smell  has  been  entirely  lost,  without  aiiy 
impairment  of  the  tme  Heiiae  of  Taste.* 

744.  Taken  in  its  ordinary  oomposite  acceptation,  the  genso  of  Taste 
ha.1  for  itR  ohject  to  direct  us  in  the  clioico  of  food,  and  to  excite  the  flow 
of  nmcus  ami  saliva,  which  are  destined  to  aid  in  the  preparation  of  the 
food  for  Dige-stlon.  Among  the  lower  Animals,  the  instinctive  jwrcep- 
tiona  connected  with  this  .Hense  are  much  more  remnrkahle  than  our  own; 
thua  nn  onmivoi-oua  Monkey  will  seldom  touch  fnilta  of  a  poisonous 
character,  although  their  taste  may  heugrecable;  and  animals  whose  diet 
is  restricted  to  some  one  kind  of  food,  will  decidedly  reject  all  other& 
As  a  general  rule  It  may  bo  stated,  that  substances  of  which  the  toete  ti 
agreetible  to  ua,  are  useful  in  our  nutrition,  and  vice  veriid;\  but  there 

*  An  interestine  i:atie  of  this  hinil,  occaniDg  in  a,  Kegro  who  liml  i^rndiull;  Ion  tlie 
chiuvrtertstiobaeof  bis  Hkjn,  AacI  bad  au|iiir¥d  tbe  fELir  compJexioQ  Ufa  EurvptfftD  [i  9~i^ 
baa  boen  pot  on  ru-iinl  bj  Dr.  J.  C-  Hntchiasoi^. — Tlie  Olliw^iurj  nerve  seernaJ  Ut  hn  entir^lj 
pualywd,  whiUl  lUa  ljranr:bea  iif  tlie  StL  Ptiii  niraueil  Uin'ir  ialegtitj ;  no  tlint,  wbil^ 
Ibe  proper  liense  of  Sinclt  was  vntlrely  lout,  a  puui^nl  liuming  teuBBtiou  wiiA  eii-ilfd  t; 
irrilaUiiif  vupuuTB,  Hnd  tbe  applicatioD  of  dnuff  inducciJ  uif^^ziug.  KoCvLtbritiuidiiig  tiuA 
UeAdenoy,  thi?  weiue  <]f  Tji^t^.-,  pro^rcTlj  nu  calleJ,  did  out  teem  lo  be  impikiml;  Cor 
Biiljslfini.ts  wliit-h  piisscii[«^ii  iieUber  iijimr  not  pmigencj  oould  readilj  be  dlsaimimiMd, 
even  tbiingb  tbcir  luatea  vure  nut  »idd;  diSereaL  (Sui  "Amur.  Juom.  of  MeiL  Sd.," 
Jan.  iaS2). 

t  It  iajngtlj  remarked  by  Sir  H.  Holland  ("MBdiral  NoWb  and  ReflBction^"  p.  86), 
tbst,^"  In  llis  inujurity  uf  iuKUnws  of  ortunl  lllncw.  prnridvd  die  real  fevlingiof  tba 
pntioat  niD  be  mfeiy  lucertiiiiieil.  bin  desirsE  ai  to  food  and  drink  maj  be  mStlj  oonipliaii- 
witb.  But  uudoubtcdly  luucb  I'nni  ia  needful  tliat  we  be  not  deeeiied  ni  to  the  st«te  of  the 
appetitea,  by  wbnt  is  ineroly  babit  or  wrorig  iiuptet^ou  on  the  piirt  of  Ibe  patient,  or  the 
effeot  of  tbe  eolicitntion  of  otben.  Thi«  class  uf  SHnstHons  is  more  nurlnttti  oul  of  the 
Donne  of  nnlure,  Ibiin  are  tbose  whieh  relate  to  tbe  lempeistare  of  the  budj.  The  (ninJ 
bMomes  nini-b  mure  deeply  eni^;iigc<]  with  tbam ;  and  though  in  acute  illnea  tbcy  iie 
generally  euijmitted  Again  iAi  tbe  natoral  biw,  there  are  many  leaser  caaed  vhere  eaoQith 
remunaof  the  leaven  uf  habit  tu  render  every  prwaiutioti  ue«lful.  With  iiuoh  precauliooi, 
however,  whii-h  every  [ibysiciau  wlio  uin  take  srhooiing  from  exp^eniw  irill  aupli?, 
tbe  aWiuach  of  tbe  luitioinl  bcaxiuitu  a  valiinble  guide ;  whether  it  dietale  nbitiueiiM  Enm 
a  recurrence  of  food;  whetlier  much  or  little  in  quantity;  whether  wluLt  ja  toUd  or  liinid; 
vhother  much  drink  or  tittle;  whetlier  tlilcga  warm  or  cold;  whether  iwect,  add,  <* 
nlino;  whether  bland  or  Btimulatiiig  to  the  (sale."  PurAer,  Sir  H.  Hnllftod  ramark*; 
"  It  ia  not  wholly  piuiutuxiiAl  to  say  that  we  are  authoriied  tn  give  grealeM  liaed  to  iLe 
atomaeh.  when  it  HU^j^c^tfl  some  seeming  eitravaganee  of  diet.  It  rnay  be  that  ihls  it  % 
mere  depravation  uf  the  suuee  of  luate ;  but  frwiueutly  it  f  ipreaaca  an  actual  Detd  of  th> 
Momacli.  either  in  ]iid  ef  ita  iiwu  fuui'tiona,  or  inilirectly  {under  the  mfsteriout  law  jut 
referred'tol  for  tbe  ejecting  of  changea  in  the  whole  ma»  of  blood.  It  ia  a  good  practieaJ 
rule  in  aoch  caaea  lo  withhold  nsaent,  till  ne  And  after  a  certain  lapse  at  lime  that  tba 
aama  desire  ctintinuea  or  strongly  recurs ;  in  whLeli  eaae  it  may  generally  be  loken  aa  lb 
indei  of  tbe  fitness  of  the  thing  ilesircil  for  the  actual  stAlii  •■!  the  organa.  In  (lie  eulj 
■tage  of  recovery  from  L>iig  ga^itric  fevers,  I  recollect  many  curiona  ioaWnoca  of  mc^  fia- 
trariety  to  all  rule  being  neigojeaced-in,  witli  manifeaL  gaud  to  the  patisut>  Dietetica  BWt 
become  ft  much  mere  cmct  brr^ncb  of  knowledge,  Ivfore  ve  can  l>e  justifiDd  in  oppotrag  iM 
maxims  lo  the  Dfttunil  and  re[fUteil  suggestions  of  the  itomach,  la  the  tul«  cil 
health  or  diaSBau." 
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are  maoy  signal  exceptiooa  to  tlui — Like  other  senses,  that  of  Taste  is 
capable  of  Ijeing  FL-ndered  more  acute  by  education ;  and  this  on  the 
principlea  already  laid  down  in  regard  to  Touch.  The  experienced  wine- 
taster  ■cun  distinguish  differenceji  in  age,  purity,  place  of  growth,  ic,, 
between  tiquora  that  to  ordinary  judguiente  are  alike;  and  the  epicure 
can  give  an  exact  determination  of  f  lie  spices  that  are  combined  in  a  pnr- 
tdcular  sauce,  or  of  the  manner  in  which  the  animal,  on  whose  flesh  he  ia 
fet^ding,  wa.'i  killed.  As  in  the  caae  of  other  BeuseM,  moreover,  imprcaaiona 
made  upon  the  sensory  Hui-face  remain  there  for  a  c4.'rtiun  jteriod ;  nnd 
this  period  is  for  the  most  part  longer  than  that  which  b  required  for  the 
depailure  of  the  impressiouH  made  ii]ion  the  eye,  the  ear,  or  tiie  organ  of 
smell.  Every  one  knows  how  long  the  taste  of  some  powerful  substances 
remains  in  the  luouth;  and  even  of  those  which  make  less  decided 
impressions,  tlic  sensations  remain  to  such  a  degree  that  it  is  difficult  to 
compare  them  at  »<hort  intervals.  Hence  if  a  person  l>e  blindfolded,  und 
be  made  to  tu!it«  substances  of  distinct,  but  not  widely-different  flavours 
(saoh  as  various  IdndM  of  wine  or  of  spirituous  liquors),  one  after  another 
in  rapid  succession,  he  soon  loses  the  power  of  discriminating  between 
them.  la  the  luimo  manner,  the  difficulty  of  administering  veiy  dis- 
agreeable medicines  may  be  sometimes  gotrover,  by  either  previously 
giving  a  powerful  aromatic,  or  by  combining  the  aromatic  with  the 
medicine;  its  strong  impression  in  both  cases  preventing  the  unpleasant 
taste  fi:oni  exciting  nausea. 

4. — Seme  of  Smell. 

~io.  The  Nasal  paasages  may  be  considered  as  having,  in  air-breathing 
Tertebrata,  two  distinct  offices;  for  they  constitute  the  portal  of  the 
Respirat<)ry  organs,  and  have  for  their  office  to  take  cognizance  of  the 
aeriform  matter  aa  it  enters  them,  and  to  give  warning  of  that  which 
would  be  injurious  (this  being  effected  by  the  instni mentality  of  the 
Fifth  pair,  which  i-eceives  the  impressions  of  gaseous  irritants,  and  excitea 
the  act  of  sneezing  to  exjiel  them,  §  520) ;  whilst  they  also  contaiu  the 
organ  of  Smell,  which  is  formed  by  the  distvibution,  over  a  certain  part 
of  their  membranous  wall,  of  the  Olfdclonj  nerve,  which  is  susceptible 
of  being  imjirassed  by  Odoroiis  emanations.  Of  the  nature  of  these 
emanationn,  the  Natnval  Philosopher  is  bo  completely  ignorant,  that  the 
Physiologist  cannot  be  expected  to  give  a  definite  account  of  the  mode  in 
which  they  produce  sensory  impressions.  Although  it  may  be  surmised 
that  they  consist  of  particles  of  extreme  minuteness,  dissolved  as  it  were 
in  the  air,  and  although  tliis  idea  seems  to  derive  confirmation  &om  the 
bet  that  most  odorous  substances  are  volatile,  and  vice  verK&, — yet  the 
most  delicate  experiments  have  failed  to  discover  any  diminution  in 
weight,  in  certain  substances  (as  musk)  that  have  been  impregnating  a 
large  quantity  of  air  with  their  effluvia  for  sevend  years;  whilst  there 
are  sume  volatile  fluids,  such  as  water,  which  are  entirely  inodorous. 

746,  The  Olfkictory  nerves  pass-down  from  the  Olfactory  Ganglion 
(5  517)  in  the  form  of  very  numerous  minute  threads,  which  form  a  plexus 
upon  the  surface  of  the  Schneiderion  or  pituitary  membrane  (Fig.  96), 
The  fi!ainont«  composing  this  plexus  are  described  by  Messrs.  Todd  and 
Bowman*  as  differing  widely  in  structure  from  those  of  the  ordinary 

•  ''  Fhysiological  AnnlotDj,"  vol.  ii.  p.  9. 
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cephaJicnervet;  they  contniiiuu  white  subsbutce  of  ScfawKaii,ftrenuclealed 
and  fiuely-granohu'  in  t«xtui«,  and  aJlogetber 
hitiT  a  cluse  rewtnlilauce  to  the  gel&tinoiis  rirmi 
of  uerve-lilirea  (Fig.  95).  It  has  beeo  hithertii 
foun'i  impossible  to  trace  the  ultiiuat«  distri- 
butiou  uf  thi»e  fibres  iu  the  ol&ctoiy  mcnibmne, 
owiug  to  thtiir  want  of  the  characberistic  white 
eubstnnoe,  oud  the  absence  of  dislinction  between 
the  nuclei  of  the  minuter  fibres  and  those  of  tho 
nucleated  tisanca  through  which  tJiej  pass;  but 
it  neeius  limitod  to  the  membrane  coTering  the 
superior  three-foarthft  of  the  septum  of  the  uoee, 
the  superior  turbiuated  bone  and  the  upper  half 
of  the  middle  turbinated  bone,  aud  the  itjiper 
wall  of  tlie  uaaal  cavitiw  bcnwith  the  cribriform 
[ilnte  of  the  Pthnioid  tioue;  all  which  siirfacc  is 
covered  (lis  Messni,  Todil  aud  Bowman  hart: 
|N>iu ted-out)  with  a  tesselated  epithelium  of  a 
rich  sepia-brown  hue.  The  remainder  of  the  nasal 
suiiJice  i.s  supplied  by  the  Fifth  jiair  only,  and  is 

not  endowed  witli  stuisibility  to  odoui^,  although  it  h  susceptible  of  irrit»- 
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Dulrlhution  ni^l)ie(Hfiu^orf  Wtrwaa  thi^  Hrplum  Xui.  Tbc-u*m  hBT(<.  (wm  diTlJAl  hf 
*  Lanifitndmi]  i^poUod  mtdd  imm^duMj  lo  ihir  Irn  -rt  llir  vpliun,  ih4<  rifbr  lUm  tviuKlit*- 
AiTtrn  **nlirp,'-L  Thp  frcmdil  Binm.  3,  Thr  nwi  }—iiu  S.  Tin'  crmiJi  itxUi  jiron***  or  ibr 
tlhnicid  ItoDfi.     i-  Tho  0jibftniiiiJ>]  Ainu*  nftbf^  Ipft  aid)',    fi.  Thci  rii'Ua  tiirncA.    fl.  Thp  huUar 

Snic^mi  of  tb*- iphiMinidnl  &nit  4H'vI|>ma|  Img^pt,  7-  Th«  |^ollt«^n^  "in'niujf  of  thr  naht  lUifflt 
Tbf  onniini'  ^if  \hP  KuiLifliiftii  lulv  in  the*  uTipnr  pirt  nf  Ihr  pilars  ni.  V  Tfw  iion  iwlatet 
dlvidaL  tWnu^  m  ieuJlIIh,  JiL  Ctit  HurfBup  nf  Lh"  hhnl  piUbIl-.  'I  Tiit  oUbrLnry  ptJiu^J*, 
h.  Ilf  IhrDo  ri-Lil.1  L>f  itriffiD.  r.  OlfkftiTv  ^npU'iii.  frum  which  Ihr  Qlua^nl*  profvp^  IhM 
■tirnd'^iEit  ■□  LhP  fiuSaUii'>«  of  thr  pitnttw^  iDrnibnuii>.  J.  Thr  iw&L  arrvr,  »  brvncb  vt^Jhm 
ouhlhiklinio  iit^nn^  il4'V7i*]tdiTip'  inlo  the  h-ti  wuf^  rnini  th^  ■nli-riH.ir  f^jrmJiLcTi  of  Of  MiUiifuiBi 
pUi#.  And  diniiin^  iniu  ii«  f-rivrtukl  mnA  ihtemal  bnuich.  «.  Thn  aAiio-pj|Jar(u<>  D«f«f\  &  bnMt 
oflbr9pb?m''pALiLLnpgui{:hi>D,  durhbutinff  Iwit^tolh**  onieviuji  TD^rnbi^Tvnf  Uw  •Vfitasii~~' 
in  111  Ditune  to  ij")  Ibi*  ADlomjr  puJftlin^  lomTnen,  Bhi^n'  il  furni>  B  «nik]l  ifuiclifuriii  **fl~ 
(CluquDt'fl  gun^hon)  by  iti  nmoa  with  lU  ft^lLow  of  lK'«  oppcnitu  ijdr.  ff.  BruKpba«  nf  tbs  i 
pftlHtino  Di>nfl  tu  tbp  pkUle.    A,  FuBtwior  phlAtiiip  ncn'ra.    *,  t^  Tbv  ■opium  duL 
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from  ench  as  aro  of  a  pungent  nature ;  anil  heueo  it  is  that  wo  canoot 

a));uish  ^ut  odouw,  unlnas,  by  a  pi-culiar  inspiiutory  eflbrt,  we  draw 

I  ur  cJiarged  with  thciu  tcj  the  upper  part  of  the  nose.  In  nuinialB  living 

I  air,  it  ia  a  aeci*4sary  L'isndition  of  the  enerciatt  of  the  wnse  of  Smell, 

tlw  othirotis  mutter  sthoulJ  be  ti-ansTuittod  by  a  respiratr-ry  current 

ngli  llic  uoslrilw,  niid  that  tin-  niembiune  lining  these  should  be  in  a 

,  btiite.    Hence,  by  breathing  through  the  njoutb,  we  may  avoid  being 

by  tuiours  even  of  the  strongest  and  most  disagi'ceable  idnd ;  and 

first  atute  of  a  catarrh,  wlioii  the  ordiiiiiry  lancous  secretion  is 

odfil.  the  sense  of  Smell  is  biutiteil  from  tliis  cauae,  na  it  afterwards 

ntu  tbetxcuM  in  the  (juauiity  of  the  fluid,  which  prevents  the  odori- 

BQs   effluvia  troai  coming  into   immediate  relation   with  the  sensitry 

trriiiiti-.s  of  the  nervis.      Hea(?e  we  may  easily  eorapmhend  how  section 

[iLe  Fifth  Pair,  wliioh  fxerts  a  conaiderable  influi'nce  over  the  secre- 

will  j,Teatly  diminish  tliu  neutencss  of  this  sense,  and  will  have  the 

hrr  elfect  of  preventing  the  reception  of  any  injpressions  of  irritation 

an  acrid  vajKiura,  wliioh  are  entirely  diffci'ent  in  their  ohamotcr  from 

le  o>lorou»  impi'osiiiona,  and  oje  not  transmitted  through  the  Olfactory 

(*7.  The  importance  of  the  sense  of  Smell  among  many  of  the  lower 
iaukls,  in  guiding  them  to  their  food,  or  in  giving  them  warning  of 
rr,  aui)  a]*o  in  exciting  the  sexual  feelings,  is  well  known.  To  Man 
Utility  is  comparatively  small  under  ordinary  circumstances;  but  it 
tv  Ijt-  greatly  iiicrciisod  when  oilier  senses  are  de£denL  Thus,  in  the 
ilUniuwu  case  of  Jauios  Mitchell,  wjio  was  blind,  deaf,  and  liuiub,  from 
^Mth,  it  was  the  principal  means  of  distinguishing  jwrsoiia,  am!  enabled 
li  once  to  perceive  the  entrance  of  a  sti'angcr.  It  is  recorded  that  a 
alleman,  who  had  an  antipathy  to  cats,  was  poasessed  of  a  senai- 
Sty  so  acute  in  this  respect,  that  he  perceived  the  proximity  of  one  that 
1  been  accidentally  shut-up  in  a  closet  adjoining  his  room.  Among 
•vag<;  tribes,  whom;  senses  are  more  cultivated  than  those  of  civilized 
iMtiona,  more  direct  use  being  made  of  the  powers  of  observation,  the 
^■Bt  IS  almost  as  acute  as  in  the  lower  Mammalia:  thus  it  is  asserted 
flj  Humboldt,  that  the  Peruvian  Indiana  in  the  middle  of  the  night  can 
distinguish  the  different  nicea,  whether  Eurojiean,  American -Indian,  or 
Nrgri) ;  and  the  Arabs  of  the  Great  Desert  are  said  to  be  able  to  dis- 
tiiigiiUli  the  smell  of  a  fire  thirty  miles  off. — The  iigreeable  or  disagi-eeable 
diaractvr  aligned  to  particular  odours,  is  by  no  me«ns  constant  amongst 
difTorent  individuida,  Just  aa  many  of  tlie  lower  Aninials  pass  their 
wliule  lives  in  the  midst  of  odours  that  are  to  Man  {in  his  civilized  eon- 
Jittou  at  least)  in  the  highest  degree  nivoRing,  and  will  even  refiise  to 
^Bch  food  until  it  ia  far  advanoed  in  putriiLty,  so  do  we  find  that  men 
■Bd  ojv  coniiielled  by  circumstances  to  live  upon  putreflccnt  food,  come 
■i  last  to  relish  it  most  when  it  ia  fm-thest  iidvanced  in  decomposition 
(5  62) ;  and  the  most  refined  epicures  among  highly-civilized  communities 
>eem  to  find  pleasure  in  similar  odours  and  savours,  which,  to  orilinary 
tast«a,  are  anything  but  agreeable. — As  to  the  length  of  time  during 
vliich  impressions  made  u[>on  the  organ  of  Smell  remain  upon  it,  no 
certain  knowledge  can  he  obtained.  It  is  difficult  to  say  when  the  effluvia 
theiuDelves  have  been  completely  removed  from  the  nasal  passages,  since 
lie  not  unlikely  that  the  odorous  particles  (supposing  sucli  to  exist)  arc 
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almorbed  or  diaaoived  by  the  mucous  secretion;  it  ia  jirobably  in  this 
maimer  tlmt  we  may  account  for  the  fact,  well  known  to  every  medical 
miui,  that  the  cadaverous  odoui-  is  frequently  experienced  for  many  days  ■ 
after  a  post-mortem  examiuatioD.*  j 

5. — Senee  of  Vision.  I 

748.  The  objectH  of  this  senae  are  bodies  from  which  Light  proceeds,! 
either  because  they  are  luminous  in  themselvea,  or  becausL-  they  reflect  . 
the  light  that  proceeds  from  other  bodies.     Whether  their  light  is  tt«iis- 
mitted  by  the  actual  e7nui»ion  of  lummous  particles,  or  by  the  propagation  j 
of  undidationa  aniiJogous  to  those  of  sound,  is  a  question  that   has  bueit  ' 
long  kepiily  debated  amongst  Nataral   Philosophers;  but  it  is  of  little 
consequence  to  the  Physiologist  which  is  the  true  solution,  since  be  is 
only  concerned  with  the  laws  according  to  which  the  transroiBsioa  tokoa 
place,  which  uro  the  Honio  on  both  theories.     These  laws  it  may  ba 
desirable  here  briefly  to  recapitulate. 

749.  Every  point  of  aluminous  body  sends-off  a  number  of  rays,  wTiich 
diverge  in  every  direction,  so  as  to  form  {as  it  were)  a  cone,  of  which  th« 
Kiminous  (loint  is  the  apex.  So  loog  as  these  rays  pass  through  a  medium 
of  the  same  density,  they  proceed  in  eCniight  linesj  but  if  they  enter  a 
medium  of  different  density,  they  ai«  rf/ract'ed  or  bent, — U/wards  the 
perpendicular  to  the  surface  at  the  point  ut  which  they  ent«r,  if  tliey  poas 
from  a  rarer  into  a  denser  medium, — and  from  the  perpendicular,  when 
they  jmsa  from  a  denser  medium  into  a  rarer.  It  b  easily  shown  to  be  > 
result  of  this  law,  that,  when  j)aralk'l  rays  passing  through  air  &11  upon 
a  convex  surface  of  gluss,  tliey  will  bo  made  to  converge ;  so  ax  to  moet 
at  the  opposite  extremity  of  the  diameter  of  the  cireie,  of  which  the  curve 
forms  part.  If^  instead  of  continuing  in  the  glass,  they  pass-out  again, 
through  a  second  convex  surface,  of  which  the  direction  is  the  reverse  of 
the  first,  they  will  be  made  to  converge  still  more,  so  as  to  meet  in  th« 
centre  of  curvatiu'e.  Rays  which  are  not  paiullel,  but  which  arc 
diverging  from  a  focus,  are  likewise  made  to  converge  to  a  point  or  focus ; 
but  this  point  will  be  more  distant  from  the  lens,  in  proportion  as  the 
object  is  nearer  to  it,  and  the  angle  of  divergence  couseiiuently  greater. 
The  rays  diverging  from  the  scvei'al  points  of  a  hmdnous  object,  are  thus 
brought  to  corresponding  foci ;  and  the  places  of  all  these  foci  hold 
exactly  the  same  lelatioo  to  ejich  other,  with  that  of  the  jtoints  from 
which  the  rays  diverged;  so  tliat  a  perfect  image  of  the  object  ia  formed 
upon  a  screen  held  in  the  focus  of  the  lens.  This  imago,  however,  will  be 
inverted;  and  its  size,  in  proportion  to  that  of  the  object,  will  depend 
upon  their  respective  distances  from  the  lens.  If  their  distances  be  the 
Bumo,  their  size  will  also  l>e  the  same;  if  the  object  be  distant,  and  tiie 
image  near,  the  latter  will  be  much  the  smaller:  and  vice  versd. 

750.  There  are  two  CLroumstances,  however,  which  interfere  with  thi 
perfection  of  an  image  thus  formed  by  a  convex  lens.     The  one  ia,  tha' 
if  the  lens  constitute  a  large  pai-t  of  the  sphere  from  which  it  is  taken,  tha 
rays  which  fall  near  its  margin  are  not  brought  to  a  focus  at  the  jhbm 
point  with  those  which  pass  through  its  centre,  but  at  a  point  neaivr  the 
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'  This  mny  purtlj  U  Mtribnted  hUo  to  tbe  effluvis  ndlipring  to  the  dfwc 
rem&rked  thkt  daric  clolba  r«I&in  thtw)  man  itranglf  tLu  light. 
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lens.  This  difference,  which  muat  uhTioiisIy  interfere  greatly  with  the 
distJDCtneaa  of  tlie  image,  ia  termed  SpherliMl  Ai/frTotitni, ;  it  may  be  cor- 
rected by  the  combination  of  two  or  more  k'uaea,  of  which  the  curvatures 
are  calculateil  to  balance  oue  another,  in  such  a  miiniiei-  that  all  tlie  rays 
shtiJI  be  brought  to  the  sitme  focus ;  or  by  diminishing  the  nperture  of 
the  lens  by  means  of  a  stop  or  diaphragm,  in  such  a  manner  that  only 
the  central  jwirt  of  it  shall  be  used.  The  latter  of  these  methods  is  the 
one  employed,  where  the  diminution  in  the  amount  of  light  tiunsniitted 
ia  not  attended  with  inconvenience.  The  nearer  the  object  is  to  the  lena 
(and  the  greater,  therefore,  the  angle  of  divergence  of  its  rays),  the 
greater  will  he  the  si>herical  abemitiou,  and  the  move  must  the  aper- 
ture of  the  diaphragm  be  reduced  in  order  to  counteract  it — The  other 
circumstance  that  interferes  with  the  distinctness  of  the  image,  is  the 
unequal  refrangibility  of  the  diffai-ently-coloui'ed  mys,  which  together 
make-up  white  or  colourless  light ;  the  violet  being  more  bent  from  their 
course  than  the  blue,  the  blue  moi-e  than  the  yellow,  and  the  yellow  more 
than  the  red;  the  consequence  of  which  will  bo,  that  the  violet  rays  are 
brought  to  A  focus  much  nearer  to  the  lens  than  the  blue,  and  the  blue 
nearer  than  the  red.  If  a  screen  be  held  to  receive  the  image  in  the 
focus  of  any  of  the  rays,  the  others  will  make  themselves  apparent  as 
fringes  round  its  margin.  This  difference  ia  termed  Chromatic  A  berralioii. 
It  is  corrected  in  pracstioe,  by  combining  together  lenses  of  different  sub- 
Btanoes,  of  which  the  liia/ieritive  power  (that  is,  the  ix>wor  of  separating 
the  coloured  rays)  differs  considerably.  This  is  the  case  with  flint 
and  crowu-glasa,  for  instance, — the  dispersive  power  of  the  former  being 
much  greater  than  that  of  the  latter,  whilst  its  refractive  [wwer  is  nearly 
the  same :  so  that,  if  a  convex  lens  of  crown-glass  he  united  with  a  con- 
cave of  flint  whose  curvature  is  much  less,  the  dispersion  of  the  rays 
effected  by  the  fonner  will  be  entirely  counteracted  by  the  latter,  which 
iliminLshes  in  part  only  its  refractive  power. 

7J1.  The  Eye  may  be  r^iarded  as  an  optical  instrument  of  great 
perfection,  adapted  to  produce,  on  the  surface  of  the  Retina,  a  com- 
plete image  or  picture  of  luminous  objects  brought  before  it;  in  which 
the  forms,  colours,  lights  aud  shades,  Ac  of  the  object  ere  all  accunitely 
represented  By  the  ilifferent  refractive  powers  of  the  transparent  media 
through  which  the  rays  of  light  pass,  and  by  the  curvatures  given  to 
their  respective  surfaces,  both  the  Spherical  and  Chromatic  aberi'ations 
are  corrected  in  a  degree  suflicieiit  for  all  practical  purposes ;  so  that,  in 
a  well-formed  eye,  the  picture  is  quite  firee  from  haziness  and  from  felsc 
colours.  The  power  by  which  it  adapts  itself  to  variations  in  the  distance 
of  the  object, — ao  ns  to  forni  a  distinct  image  of  it,  whether  it  lie  six 
inches,  sis  yards,  or  six  miles  off,- — is  extremely  remarkable,  and  cannot 
be  regarded  as  hitherto  completely  exjilainwl.  It  is  obvious  that,  if  we 
fix  upon  any  distance  ns  that  for  which  the  eye  is  naturally  adjuaUnl  {say 
12  or  14  inches,  the  distance  at  which  we  onliuarily  read),  the  rays  pro- 
ceeding from  an  object  placed  nearer  to  the  eye  than  this,  woulil  not  be 
brought  to  a  focus  upon  the  retina,  but  would  converge  towards  a  point 
behind  it :  whilht,  on  the  contrary,  the  rays  from  an  object  at  a  gituter 
distance  would  meet  l)cfore  they  reach  the  retina,  and  wou.bl  have  again 
diverged  Irom  each  other  when  they  impinge  upon  it;  so  that,  in  either 
vision  would  be  indistinct.     Now  two  mcUiods  of  adaptation  suggest 
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themselvea  to  the  Optician.  Eithnr  he  may  vaiy  the  distanco 
tlie  refracting  Burface  and  the  screen  on  which  the  imagti  is  formei),  L 
such  a  manner  that  the  latter  sliall  always  he  in  the  focus  of  the  con 
verging  raya ;  or,  the  distAnce  of  the  acroen  remaining  the  same,  he  may 
vary  the  eonvexity  of  his  lens,  in  euch  a  nianner  as  to  ada|>t  it  to  the 
distance  of  the  object. — The  mod»  in  which  tliis  adaptation  in  effected  in 
tlic  Human  Eye  has  not  yet  been  clearly  made-out ;  and  many  h>-])othesea 
have  lioen  put  foi'ward  reiii)eeting  it  Acconliiig  to  the  caJL'uliitions  of 
Olbera,  ba-scil  ou  the  nBcortouied  refractive  powers  of  the  media  of  the 
eye,  the  diflerence  Iwtwecn  thfl  tbcal  ilistAncesof  the  images  of  two  objects. 
the  one  ao  far  off  that  ittt  ruya  are  parallel,  ami  the  other  at  the  dl'tADce 
(if  only  four  inches  from  the  eye,  ia  about  0'143or  one-seventh  of  an  inch  ; 
hut  as  the  naunl  range  of  diatinct  vision  does  not  extend  to  objects 
brought  within  six  or  ncvcn  inchcH,  the  amount  of  change  required  in  the 
relative  [ilaoes  of  tlie  refracting  bodiex  and  the  retina,  woidd  not  ordi- 
narily exceed  a  line.  It  has  been  thonght  that  thia  change  might  be  pro- 
duced by  an  alteration  in  the  convexity  of  the  cornea,  or  by  an  elongation 
of  the  globe  of  the  eye  genemlly,  or  by  both  methods  in  com  bins  tion  ^ 
which  ultenitions,  it  was  siipposi'd,  might  be  effected  by  the  octjonofthi 
niuBclea  of  the  eye-ball.  But  no  eucli  changes  have  licen  dete^rtcd  bytl 
moat  careful  measurement ;  and  it  canuut  bo  shown  how  any  coDtncti 
action  of  the  muscles  of  the  eye-ball  could  produce  an  elongiition  of  the 
eye,  since  their  teudeucy  would  bo  (when  acting  alt-ogether)  to  draw  it 
backwarth  into  its  socket,  oi-,  thia  being  prevented  by  the  fnseia  and 
cushion  of  fat  against  which  its  posterior  siilc  rests,  to  flatten  the  globe 
against  this,  ratlior  than  to  tncrense  its  projection.  There  is  much  mot* 
ground  for  the  belief,  however,  that  a  change  of  place  ia  elfecttit)  in  the 
crystalline  lens,  by  the  action  of  the  ciliary  muscle  and  the  erec^e  tismo 
of  the  ciliary  processes;  for.  although  no  suc-h  change  can  be  demon- 
Htratcd  by  observation,  yet  it  can  Ite  sliown  that  the  contraction  of 
ciliary  musscle  would  tend  to  draw  the  lens  forwanht;  and  the  fact  tl 
this  iimscio  is  peculiarly  powerful  in  the  predoceous  Birds,  which  are  d 
tinguiahed  for  llieir  great  range  of  vLiiou,  and  which  have,  in  their  ctnrl 
of  osaeou-s  sclerotic  plates,  an  unuaiiaUy  firm  ]>oint  of  attachment  for  it,  i 
a  strong  argument  in  favour  of  this  doctrine,"  Fuither,  the  nlmoot 
entire  loss  of  the  power  of  adapting  the  eye  to  diatanceB,  which  is  cxpe- 
rienoed  after  the  removal  of  the  Crystalline  lena  in  the  opemtion  fbr 
Cataract,  is  a  marked  indication  that  some  change  in  the  place  or  fieora 
of  this  body  ia  the  princijMil  meana  whereby  the  ordiuiuy  adaptation  is 
cffecttsl;  and  although  it  has  been  suggested  that  an  iJtertitioii  in  the 
Jigtire  of  the  Icna  might  participate  in  the  result,  yi't  no  uteans  cau  be 
])Dinted-out  as  competent  to  prwliice  it ;  ao  that,  as  far  as  we  cnn  M 
present  judge,  a  cliange  in  the  lAaix  of  the  lens  is  tUo  sole  maui*  of 
adapting  the  eye  to  distinct  vision  at  varying  distances. — It  is  oorisin 
that  the  condition  of  ri-.ptuie  ia  that  of  vision  for  diittnitl.  objects,  no  fiitieoe 
being  experienced  from  the  prolonged  dii'ectiou  of  the  eye  to  these ;  whilat 
the  employment  of  the  visual  jHiwer  upon  ntar  objects  for  some  timi%  it 
Kccomxtanied  with  a  sense  of  effort,  and  is  followed  by  fiiti^ie.     Tho  ma 

'  See  on  thii  subject,  HcMrs.  ToJil  and  liownum's  "  PhjsiiilDjiinil  AuaKhdj,"  *iJ.  i 
[K  27  J  anil  Dr.  CUj  Wallace  ^la  "  Tfau  AUjuHtmunt  of  Ibe  Bjc  to  Diitaoca,"  flew  Ya 
ISGl. 
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iehofltets  l.lic  I'liiui^'i'  ofi'Iiu-enf  the  crTstalliue  ]oD»,i,<!  porfoniicil 
iM  to  VoliltDii  iiQil  IB  giii'k'il  fay  Bunaiitiiiu ;  yet  we  are  not 
lous  of  ]M>rfiiniiiii)C  it,  nil  tlint  we  iriU  being  the  resuit ;  ftnil  thus  wo 
KiiutLi-r  iipiHHiite  illtistmttoti  of  the  retilly  automatic  niiture  of  what 
Ub  Icnmil '  voliiutivry  movetnonta'  geuernlly  (J  548). 

752.   When  boili  nyw  are  fixeil  iipdo  on  object,  theii"  axes  converge  bo 

H  tu  lucet  in  it ;  niid  the  degree  of  uanvergenra   is  of  course  altered  by 

ir»ria(iiiiis  ill  tlw  ilistuiicu  of  the  object;  8inco,  when  tLo  object  is  very 

rvututi.*,  the  optic  nxts  lire  virtiiully  [turallel,   whilat  ita  a]i]iroaeh  eausen 

Mi-tinu  towiirds  oitcb   other,  and   this  the  more  mpiilly  us  tha 

'■'u^'hl  oenrt^r,  l.bo  inci'eft-'e  being  the  (jrealest  when  it  liaa 

\iiil  uitbiu  the  iirilinary  distance  of  distinct  viaiou.     Here,  again,  we 

ma  cx-'imple  of  tbo  automatic  nature  of  voluntary  actions;  for  the 

iv«Tge:ioc  iif  the  eyes  Unit  may  be  protliipeil  by  iliia  gradual  ajiprox.!- 

jiin  of  an  object  on  wbieh  the  eyes  are   kept-lixed  by  an   exercise  of 

Will,  tiir  exeerals  that  which  most  iiidividuala  con  induce  by  an  effort 

iliivetly  fur  tin-  purpuse;  and   if,   when  an  object  baa  thiut  lioeii 

iiftlly  iip]iro\iuiiiti'd  to  within  a  few  iucheH  of  the  nose,  this  voluntaiy 

joti   If  ititcrmitti'd  and  the  optic  axes  be  allowed   to  iiigain  their 

'Icliiiui,  they  can  seldoin  Ix:  brought  to  converge  iijjiiin  upon  it,  with- 

rppenling  the  whole  ]iriM*SB. — It  lias   bepii   thought,  from  the  cloae 

.ance  between  the  diangi*  required  for  the  adaptation  of  the  eyes 

.btiiiet  viflion  at  diflereiit  distances,  and  the  ullerationa  in  the  direction 

')j>tic  axea  which  are  requireil  to  bring  the  two  eyes  to  bear  upon 

tit  varying  degrees  of  proximity  or  remoteness,  tliat  thefortnerof 

ivemeuts  Is  in  some  degree  depeudent  upon  the  latter,  or,  at  any 

lint  the  two  proceed  from  a  common  motor  impulw.      But  that  the 

virrj^iK*  of  tlie  axes  if*  not  itself  in  any  way  the  occii.'riou  of  the  altem- 

i>f  the  focus  of  the  eye,  is  nbowii  by  theae  two  facts ;   tirst,   that  the 

i|itAtiou  is  aa  [lerfect  ia  a  jtei-son  who  only  possusaea  or  uses  one  eye,  ns 

when  l>oth  are  employed ;  aiiJ  second,  that  some  persona  pnsaess  the 

er  of  altering  the  focus  of  the  even  by  an  eHVirt  of  the  will,  whilst  the 

.vei^iic«"  reiuains  the  same. — In  regaiil  to  the  (ida]ilalion  of  the  eyes 

i->ryiiig  dlnt^nccs,  it  is  further  to  be  remarked,  that,  when  an  obji^  is 

viewed  as  near  to  the  eye  as  it  can  bo  diatinctly  seen,  the  pupil 

_    itrnctsin  a  conaiderabb- degree.  Thepurjioseoftliis  change,  is  evidently 

to  exclude  the  oiit«r  nijTi  of  the  eone  or  [leiieil,  which,  from  tho  Urge 

of  their  divergence,  would  fall  so  obliquely  on   the  convex  Biirface 

e-y<<  as  to  be  much  afiVrcted  by  the  spherical  aberration,  and  thna 

the  central  raya  ouly  to  enter  the  eye,  so  as  to  preserve  the  elear- 

the  imago ;   the  principle  being  exactly  the  same  aa  that  on  which 

iciiiu  applies  a  gtop  behind  his  lenses,  which  reduces  their  aperture 

ill   pr»|H>rtion  to  the  shortness  of  tiieir  focal  distance.     The  channel 

Ibrnogii  which  this  action  is  elfectod,  is  evidently  the  same  aa  that  through 

vhi^'h  the  convergence  of  the  eyes  ia  produced, — namely,  the  inferior 

tiraiieh  of  the  Third  pair  of  nerves;  to  the  action  of  which,  tho  sensations 

reCT-'ived  through  tho  rettua  seem  to  affonl  tho  immediate  stimulus,  in 

the  aainc  manner  as  they  do  to  the  oiilinary  variation  in  the  diameter  of 

the  {lUpil  under  the  inHuunce  of  light;  but  the  voluntary  detemiiiiatiou 

tn  fix  the  viftioii  upon  tho  object,  ia  tho  original  wmice  of  llie  action. 

7JJ3.  Tlie  ordinary  fornu  of  defective  vision,  which  are  known  under 
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the  names  of  Myopia  and  Pretbi/opift,  or  '  shorfr-s^tednerfs'  imd  '  long- 
sightedness,' are  entiri-ly  attributable  to  defects  in  the  optical  adaptation 
of  the  eye.  In  the  former,  ita  refractive  power  is  too  gruat;  the  rays 
froDi  objects  at  the  usual  distance  are  consequently  brought  too  soon  to 
a  focus,  so  as  to  cross  one  another  and  diverge  befoi-e  they  fell  ui>on  the 
retina;  whilst  the  eye  ia  adftpted  to  bring  to  their  proper  focus  on  the 
retina,  only  those  rays  which  were  previously  diverging  at  a  large  angle, 
from  an  object  in  its  ueiir  proximity.  Hence  a  '  short-sighted'  person, 
whose  nearest  limit  of  distinct  vision  ia  not  above  half  that  of  a  person 
of  ordinary  sight,  can  see  minute  objects  more  clearly;  hia  eyes  having, 
in  feet,  the  aaiiip  magnifying  power  which  those  of  the  other  would 
possess,  if  aided  by  a  convex  glass  that  would  enable  him  to  see  the  objoet 
distinctly  at  the  shortest  distance.  But  os  the  myopic  structure  of  th« 
eye  incapacitates  ita  possessor  from  seeing  objects  clearly  at  even  s 
moderate  distance,  it  is  deairable  to  apply  a  corret-tion ;  and  this  is  done, 
by  simply  interposing  between  the  object  and  the  eye  a  aijicrtve  lens,  of 
which  the  curvature  'w  properly  adapted  to  compensate  for  the  cxce»  of 
that  of  the  oi-gan  itaelE — On  the  other  hand,  in  the  presbyojiic  eye,  the 
curvature  anil  refractive  power  are  not  suificient  to  bring  to  n  facui^  on 
the  retina,  rays  which  were  previously  divergent  in  a  conaiderable  or  even 
in  a  moderati  degi'ce;  and  indistinct  vision  in  regard  to  all  near  object*. 
is,  therefore,  a  necessary  consequence,  whUstdistant  object*  are  well  seen. 
This  defect  is  remedied  by  the  use  of  coiirex  lenses,  which  make-up  for 
the  deficiency  of  the  cun'ature. — We  commonly  meet  with  myopia  in 
young  persons,  and  with  presbyopia  in  old;  but  this  is  by  no  means  the 
invariable  rale ;  for  even  aged  jiersona  ai-e  aometimcs '  shoi-t-sighted,*  and 
'  long-aighteiluess'  is  occasiomdly  mei-with  amongst  tlie  young.  In 
choosing  spectacles  for  the  piiriwae  of  correcting  the  errors  of  the  e?e,  it 
is  of  grejit  consequence  not  to  make  an  over-eompenaatiou ;  for  thi<  has  a 
tendency  to  increuae  the  defect,  besides  occasioning  great  fiitiguc  in  the 
employment  of  the  sight.  It  may  bo  e-oaily  found  when  a  glass  of  tha 
right  power  has  been  selected,  by  inquiring  of  the  iodi^Hdual  whether  it 
alters  the  apparent  size  of  the  objectti,  or  only  renders  them  distinct  If 
it  alter  the  stEe  (increasing  it,  if  it  be  a  convex  lens,  and  diRtiniahing  it, 
if  it  beaconcave),  its  curvature  is  too  great:  whilst  if  it  do  not  dispone  tbs 
haze,  it  is  not  sufficiently  jiowerful.  In  general  it  is  better  to  employ  a  gbM 
which  somewhat  uuder-com]iciiBatMa  the  eye,  than  one  whose  curvature  is 
at  all  too  high;  since,  with  tlie  advance  of  years  in  elderly  penwiLs,  a  pro- 
gressive increase  in  jiower  is  required ;  whilst,  as  young  persons  grow-up  U> 
adult  f^e,  they  should  endeavour  to  dispense  with  the  aid  of  spectacles. 
— Many  other  interesting  iiujuii-ies,  resjieeting  the  action  of  the  Eyeaaui 
optical  instrument,  suggest  themselves  to  the  I'hysical  philosopher;  but 
the  foregoing  are  the  chief  in  which  the  Physiologist  is  conceruwl;  and 
we  ahall  now  proceed,  therefore,  to  consider  the  share  which  the  Nerroiu 
apparatus  perfoniis  in  the  phenomena  of  vision. 

754.  The  Optic  Nei've,  at  its  entrance  into  the  eye,  dividcA  itadf 
numerous  sm all  fasciculi  of  ultimate  fibrils;  and  these  appear  to 
themselves  out,  and  to  inosculate  with  each  other  by  an  excbnnffe 
fibrils,  so  as  to  fonn  a  net-like  plexus,  wliich  constitutes  the  inner  lavrr 
the  Ketina  (Fig.  SG,  7)  in  unmclinte  contact  with  the  'limitary  nion- 
brane,'  (8).       There  is  eousidemble  difficulty,   however,   in  the  ni 
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determination  of  tliu  e-'in*;  of  the  nerie-fibrca  iu  the  Ik'tiiia,  oo  (uzcoiiut 
of  their  minute  size  nud  tlie  alU;rntioii  iji  tlieir  chanietei's.  AitLougb 
iiriiformly  imioh  HmiUler  tlian  ordinary  nerve-libres,  tliyy  prt'seut  couaiiler- 
able  iliverattiea  ill  size  (Fig.  US,  i,j};  tlie  liirgo^t  of  them  being  only  about 
1-COOOth  of  iin  inch  in  ilittiuetep,  whilst  the  smallest  aro  no  more  than 
from  l-30,000th  to  l-5(J,00Oth  of  an  inch.  Notwitliatantling  the  state- 
ment of  Prof.  Kijlliker,  that  tbey  closely 
nwemlile  the  finest  nerve-tubes  in  the 
ceutrul  orgaus,  he  has  not  been  alile  to 
demonstrate  their  tubuliirchtirROter;  Hiid 
it  ia  considered  by  Mr.  Bowman  tlmt,  like 
the  fibres  of  the  Ultiictive  tract  (§  7*6), 
they  conaiat  of  axia-cyliu*lers  without 
alieatha.  I'erhiipa  the  fact  may  mther  lie, 
that  ihey  are  in  that  early  atnge  of  du 
velopmeiit,  in  which  the  cumponenta  of 
a  complete  tubular  fibi-e  have  not  yet 
been  ditjerentiated. — Externally  to  the 
stratum  of  nerve-fibres,  wliieh  may  be 
called  the  Optic  layer,  is  a  vesicular 
stmtum  (Fig.  97,  6),  which  consists  of  a. 
finely-granular  matrix,  wheieiii  ai-e  im- 
baldcd  nervc-eella  exactly  resembling 
those  of  the  Eucephalon,  and  haviug,  like 
them,  ft  variable  mmiber  of  processes, 
some  of  which  apjiear  to  become  continu- 
ous with  the  fibres  about  to  be  deseribed. 
Il  Is  to  these  fibrous  and  vesicular  layers 
of  the  hetina,  which  together  make-up  the 
annlogne  of  the  ctirticil  substinice  of  the 
Cerebrum,  that   the  princijMiI   supply  of 

blood  b  fUstribnted,  by  the  minute  capil-  %'i>'— ™bmUMii.jrrl  Zmiiyn^mdio 
la,7  network  (Fig.  W)  which  is  spm«I-  ]^  X^i^-  fS^-VXiii 
oat  through  their  substance, — The  prin-  Kre>i«jcri  o,  iiijpcorDpne-ccU.;  7,Wirr 
cipal  part  of  the  thickness  of  the  Retina,  ilj^™  "^  "''"  "''"''  "•  "^"^  '"''■ 
however,  ia  made-up  of  a  series  of  layers 

whose  fitnictui'e  has  until  lately  been  completely  miaimderstootl ;  and 
though  their  real  character  cannot  he  rtgarded  as  yet  fully  elucidated,  yet 
a  great  step  has  been  made  in  advance  by  the  reseai'chGH  of  H.  Miillor  and 
KoUikcr.*  These  layera,  as  seen  in  n  vertical  section  (Fig.  97),  succeed 
each  other  from  within  outwards  as  follows : — In  contact  with  the  vesicular 
layer  ((>)  is  a  layer  of  finely -granular  matter  of  a  greyish  hue,  in  which  an 
iiidiatiuct  radiatinjj;  fibrous  appearance  is  seen;  next  is  a  layer  of  definite 
granules  (4),  whicii  seem  like  minute  cells  closely  investing  nuclei;  out- 
side this  is  another  layer  (3),  iu  which  the  appearance  of  radiating  fibres 


VeplieftI  FkH?(inn^rj?'''fw>»rrbvlJuiiiui 


*  See  the  memoir  of  the  former,  '  Zar  HisUilugie  dm  Kstihaut,'  in  "KUIlilcsr  and 
SijlKilil's  Zeitethrirt,"  1S51 ;  nnd  tbe  "  Mikroskdiiisclio  Anatomie,"  Uiud  ii.  g  274,  uid 
the  "MiLriiuil  of  llunuin  Histologj"  ISycl»uhaiii  S.iciL-tv'd  Ed.),  vol.  n.  |i[i.  3<i8-383,  of 
the  lalter.  Sih;  hIko  Mr.  Bnwiunii'ii  "  Lectures  on  Ihu  Parta  conisnieil  ia  [|j«  OismtionB 
im    the    Kyi\"    p.    91,    ituil    TiolJ   nniL    Botfmjiia'H    "  Pbj^ologii.'al    AoAb^mf ,"    vol.    ii. 

Pi).  as-ao, 
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is  mure  iliatiiict;  tliia.  Jigi\ii],  is  Buci'wilal  by  another  gi'nuiilar  layer  (a) 
rMeinUiiig  l.lie in-euediug ;  iiint  outsidf.  nil  thcseis  the  liij<;r  (i)  of  "cones' 

ftnil '  r(>fl-like '  liuiHes,  uliicli  lias 
Fio.  9S.  I'liig  '"con   known   as    ■Jnwili'i' 

monibranc,'  Tlib  last  has  bi*ii 
aiilipoaeil  to  be  entirely  ilisoon- 
nected,  Ijoth  structnrally  and 
funclaonally,  from  tlie  projier 
nerviniH  ajjpaimiiK  of  ibc  Ro- 
t.iiin;  liiit  riToiit  iiivisttigatioiia 
liavi'  matle  it  |)i-obable  that  it 
rwilly  forms  part  of  it.  For 
the  '  rods'  or  '  staff  like'  bodits 
(Fig.  98,  oa),  may  be  tracod 
into  continuity  with  the  (gra- 
nules {/,/)  of  the  outer  granular 
layer,  sometimes  immodiat^ly. 
sometimes  by  the  iuterveiitioii 
of  n  fine  fibroiis  [irolongation ; 
and  from  the  giimulcB  of  the 
outer  layer,  fine  fibres  {o,  c)  may 
be  traced  towanU  tlioae  of  the 
inner  layer  (;/,  y).  So,  again,  the 
'cones' (ft,  h),  wJioHeouti-'restre- 
mitiea  {<i,  d)  are  often  eeeu  un 
the  external  surfuee  as  'rods,' 
may  be  traced  into  eoutiiiuity 
with  tliB  granul.ir  layers  {J\  g,) 
by  the  inteiTuediation  of  fine 
fibi-os{*,  e).  And  from  the  outer 
granular  layer,  similAT  very 
B1(>n>™t>  oF  /fiinn*  itrtiiat—\.  [irgr  Oi>rp  oToptiit   delicate  fibres  are  fouucl  to  pan 

nmp,   a,  Ivry  llnr  Blirc  cif  Ihe  iminr;   a,  rod  with  ■    |,i^,,.„lo      till,      vminiilui.     \^yj,r 

i-r.nuiL./.ir,iJi»..);  1.  i-im.Wro.i-iit.anoObroui.  >««"»"^    "16    vesicuuir    layer. 
pniktEiiintiim,  o< piiTjtH.'i iTitf  A  fliiJi  (bp  ^ijiuio;  0,  pnr-    wlierc  somc  of  them  appear  to 

IHNii"  lit  hhI"  nUrriyl  Inv  The  ouTiim  of  ivsl^'r  i  fl.  ?,  I  wo  ■    ,  i_      i    a  .• 

n>ii«*i,  .iih  ih-ir  mi^W -r.  thoirlwii].r].i.rtini;ii   c-iRi"    into   nhsolut«-  Continuity 
jij.»ujrb,.,rHi»-ahr,™«pr.iL.,nc»ii.Kii.i..;-*,r.ai.tiui[  with    the    rntHating    nrolouea- 

Blirrt  p  r,  wiTli  |<rbaaJo  ^tfoairr  iv/ht  ff,  mnJ  nuiMliiiutuif  t     t  ii  r. 

Ui  t\b-  l»u<L[lnr  liiyiT.  u  "I'll  AM  in  thr  crplir  \nyrf  h:     tlOJJS  01   tlRi    liorve-ccll?    (10^  l), 

i^iBirur  -uirr  l.y.rV.  •""  ...T«™,.r,  ..fib-fli,';;   -^Mst  others  pass  through  the 
pniMwiiiii!  ffra  iSo  iniicr  ill  ihi'  .>piip  iiyrr  it  t  j  10,   vesicular  IflVBr.  HJid  expau'l  into 

flimilftr  oiinnA'lii»n  Jiri^inii  A  r,  villi  K^aniLii' q,  Bn^l  mlh     ,  >     l'         l  *  -       x" 

nerTMirll  J,  which  bu  tuiolhrr  flhniii.  prolopgjlkm  n..    tniTllpet-Stiaiied        terminatlOM 

(9,  h).  in   the   Htratum   of  optic 

fibres.      The  effects  of  reagents,  moreover,  on  these  elements,  are  Bnch 

an  to  increjise  ttiia  probability.      It  in  to  bo  remarked  <.'A]>eciiilly  of  the 

rod-like  TxHlie-s  that  they  are  very  speedily  and  remarkably  tdtvrvd  by 

the  contjict  of  water,  which  caivies  them  to  undergo  eoiitortioiui  and 

irregular  bulgings  and  contractions  (5). — Although  the  geiienJ  durction 

of  the  fibrous  elements  of  the  Retina  it«elf  (as  distingitiubed  from  thoac 

of  the  ex])ansiou  of  the  Optic  Nerve)  is  Todlal  as  re]^rils  the  globe  of 

the  eye,  or  rcrti'-iil  ilp  regai-ds  any  part  of  the  surfnw  of  the  inenibmni'. 

yet  there  are  situations  in  which  tlie  rod-like  bodies  ore  dirtcKd  so 
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lt)>i|uc]]r,  ns  to    iinwtnt  (|nitf  nii  iiulirinateil   arraugumuiit  ii|kiii    tlie 
KtvniaJ  nuriiLo«  (Pig.  100). 


Pio,  9», 


U^i^  vlthv  Sftiini. 


Vitit  i?r  eitiTP*t  varflVf  or  Xrf inn  'i^/V'y, 
tlii'ikhi^  thu  [mliHcjAtnl  orranh'viiuiit  iif  like 
eitroniilievirf  l-hd  rudiur^Jwult'dM^iubnaff,' 


75fl.  There  are  two  spots  in  the  Retina,  in  wliioh  the  nrrangeineiil 
tfci)  foregoing  eom[jonciits  ia   essentinlly  liifferunt;  and  from   tlieac 
rvnniM»,  iiuiinrUiut  phyaioli^oal  eoncluaiona  may  be  drawn.     Oiio  iif 
i-  is  the  sliybt  eminence  at  which  tlio  Optic  utsrve  outers,  which  in 
little  below  und  iiiterniil-to  the  poalerioi-  eiLi'ouiity  of  lliB  usia  of  llie 
'J    herv   ftll   the   other   elonienta  than    the    nerve-fibi-es   mv  ontirely 
iting.      The  other  is    tlie  'yellow  sjiot  of  Soemmering,'   wliich  is 
Icil  ill  the  exact  centre  of  the   retina;  here   the   stnitum   of  ojitio- 
l«VS  ia  wanting,  the  nerve-ccIlR  being  in   immediate  contact   with  the 
ilArj  memhi-ane;  the  granular  layer  is  deficient  in  the  centre,  so  that 
pi^uenl  of  the  choroid  ia  visihio  through  it;  but  the  hacilhir  layer 
in   everywhere  eontiuiiona,    the   ordinary   'rods,'  however,   having  thoii- 
■ '       -1  entii-ely  occupioil  by  the  'coues,'  whose  extremities  abut  upon  the 
.  ijil   auriiiee,  insteaJ  of  being  removed  from  it  lU  elsewhere- — New 
It  liiit  u  little  remarkable,  that  the  [lojnt  of  the  entiiknee  of  the  Optie 
aliriiilil   be  deficient   in  the  power  of  receiving   distinct   visual   ini- 
icms  (5  77ii);  whilst   the  "yellow-spot'  is  the  moat  sensitive  portion 
the  entire  Retina.      And  heuoo  it  fteems  Tinei]iii vocally  to  follow, 
lat,  these  inipressiona  cannot  act  primarily  upon  the  uerve-fibi-ea ; — a 
r.luaioii  which  harmonia^M  with  the  fact,  that  the  fibres  of  the   optic 
p   are  sujierimjiosed   iipcju  each  other   in   the  stnitum   which  they 
,  in  such  numbers  that  it  ia  not  conceivable  that  they  shmild   be  the 
mary  i-eeipients  of  himinoiis   impri^ssiona,  since   their   traurtparency 
Mt  allow   rays  of  light  to  penetrate  from  ono  portion  of  the  layer  to 
lOther.      The  haoillary  layer  was  formerly    regarded  as  a  reflecting 
rntns,  having  for  its  piir[>oae  to  atop  the  further  passage  of  light, 
111   to  inlensily   its   influence  on  the  true   retina;  but   since   its  con- 
ion  with  the  proper  nervous  elements  of  the  retina  has  been  esta- 
bliaheif,  there  seems  much  ground  for  believing  {with  Prof.  K.illiker) 
that    itit  rods   an<I   cones  are   the   primary   recipients   of  luminous   iin- 
^  predsious,  anil  that  they  communicate  their  condition  to  the  fibres  of  thu 
Hjaptic  nerve,  by  means  of  their  own  delicate  fibrous  prolongations,  which 
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Beetii  to  come  iiitn  nioru  or  U'ss  direct  ci)nni?ctioD  with  its  ultimate 
I'liniilioatioiiB.  Tliis  BU7>|)cisitifm  derivca  confirciatjou  from  tlie  remark- 
able fiwt,  tbitt  tli(!  iliiiiu(*t#p  of  the  rods  beara  a,  very  close  eurresiwiideiicd 
witli  thi!  (limeosiona  of  the  retina!  iiimgea  of  the  Hiniillest  objeete  of 
which  we  cuu  take  cogiiizauce  (J  T5G).  And  it  harmonizes  well,  also, 
with  the  iiiea  recently  jnil-forth,  that  the  oh!if|iiity  of  the  r«ds  is  eweh 
OS  to  make  them  all  [loint  towards  'the  centre  of  direction'  of 
the  vbviial  i-ays  (§  7r>S) ;  and  that  it  is  tin ough  tliis  instrumentality,  that 
we  are  guided  in  nur  apprcciution  of  the  relative  dii-ections  of  dift'iTent 
cibjects,  as  Articulated  animals  jirobaVily  are  by  the  impressions  made 
on  the  uidiviilual  ocelli  of  their  compound  eyes  (PRINC.  OF  OoMP.  Phys., 
5  718),  since  the  ohject  whoso  rays  puss-down  any  one  of  these,  must 
always  be  in  the  direction  of  its  asis.* 

75'i.  The  limits  of  Human  ViHion,  as  regards  the  rainiitenejis  of  the 
objects  of  which  it  cuu  tiike  coguiwiuce,  have  ln?en  investigatt-d  by- 
Prof.  Ehreulierg,  with  the  view  of  calculutini;  the  ultimate  power  of  tliu 
MicroS(;o]H!.+  In  opposition  to  the  geuei'aliy-received  opinion,  Ehren- 
berg  arrived  at  the  conclusion  that,  in  regai-d  to  tlic  extreme  limits  of 
vision,  there  is  little  ditf'erenco  amongst  persons  of  iinliiiarily-giwid  sight, 
what-ever  may  be  the  focal  distance  of  their  eyes.  The  sniallest  siiuare 
magnitude  usually  visible  to  tiie  naked  eye.  either  of  whiU*  parlielea  on 
a  black  ground,  or  of  black  upon  a  white  or  liylit-coloured  gmuuiL  is 
about  the  l-'lO-'itli  of  an  inch.  It  is  posaibje,  by  the  grejitest  conden- 
sation of  light,  and  cxuitement  of  the  attention,  to  reengnixu  magnituilw 
between  the  l-4()5tli  and  1-5-lOth  of  au  inoh;  but  without  sliuquieat 
or  certainty.  Bodied  whicji  aiv  smullcr  than  tbcw,  cannot  be  disci^rne<l 
with  tlw  naked  eye  wlien  aiugle;  but  may  be  seen  wlieu  placed  in  a  row. 
Partiole.s  which  powerfully  reflect  light,  however,  may  be  distinctly  seen, 
when  not  half  the  sizft  of  the  least  of  the  foregoing;  thus,  gold  ddstj 
of  the  tinenesa  of  l-1125th  of  an  inch,  may  be  discernetl  with  the  naked 
eye  in  common  daylight.  The  delicacy  of  viiion  is  far  greater  fr*r  line* 
than  for  mere  jioints;  since  opa<]ue  threads  of  l-iOOOth  of  an  inch  in 
dianieter  (about  half  tlie  diameter  of  the  Silk-wonii's  fibre)  may  be  dis- 
cerned with  the  naked  eye,  when  held  towards  the  light. ^ — The  degree 
in  wliich  the  aUeiilton  is  directtnl  to  them,  has  a  grt-at  influence  on 
the  readiness  with  which  very  minute  obieots  can  be  jicrceived;  and 
Elireiiherg  remarks  that  there  is  a  much  greater  dillcreuce  amongst  in- 
dividuals in  tills  respect,  than  there  ia  in  regaid  to  the  absolute  tiniitd 
of  vision.  Many  persons  can  distinctly  see  such  objects,  when  their 
Situation  is  exactly  |)oiuteil-out  to  them,  who  cannot  otherwise  dis- 
tinguish tlicni ;  auil  the  same  is  the  case  with  persons  of  acuter  \ft- 
ceptiou,  with  i'(»|ject  to  objects  at  distances  greater  than  those  at  whicb 
they  can  see  most  clearly.  "  1  myself,"  says  Ehrenl«Tg.  "  uinnot  ee* 
l-27(i<lth  of  an  incL  black  or  white,  at  twelve  inches'  distance;  but 
having  found  it  at  from  four  or  five  inches'  distance,  I  can  remove  it  to 
twelve  inches,  and  still  see  tlio  object  plainly."  Similar  phenomena  ai« 
well  known  in  ifgard  to  a  Itolloou  or  n  fiunt  star  iu  a  clear  sky,  or  a  »hiji 

•  8m  tlie  »etj  ingenioiiB  "Kwuii  aur  Ieb  ['ba»phflni«,"  bj  Dr.  Semi,  Pui^  18M, 
t  Tajlur'a  "Sciimlifii-  HHnlllir^"  hi),  i.  \:  ST6. 

*  Ehrenlwrp  mcntinDs  timt  henlitaiiicJ  llii?  linesl  lArtklei  ot  guld,  lir  in»|iiiij,  gilt  Imw. 
Iiy  filing  jiDfB  giild,  he  alwnys  nblaincd  inupb  wKireer  jHtrlicln. 


REXBB  or  nsios: — fmtrcrrRK  axu  aitiohpi  or  mis, 


7<W 


i«  horinun;  wi-  ciisily  nee  tljpiu  uftvf  Ibey  lime   Iwcri   |H'iiili'd-iiut  to 
;  but  llip  facility  of  rtvuliij*  ilest-iyinf,'  i)liii'cr[a  iIi'|iiithIh  ou  the  hatiit 
miiijj;  tlie  lyw  in  smn-li  of  diem,  ojid  of  attoniling  to  the  senaoiy 
.|>rT«Hioiui  tbiis  rwcivril  (§  775). 

757.  Thu  nniiiUMt  vt  lifjlit  adiuittoJ  to  tli"  Eye   ia  i-efjulated  by  tUe 
tRurti'iii  utiO  (lilnLiliuti  of  the  Pupil,  the  sninlloHt  iJiamotcr  of  which 
ktiuut  l-3<itli,  nntl  its  krgeat  nViout  I-3i-U  of  aji  iiniK     The  miisouliir 
iL'tiiro  iif  llic  HimiiiTi 
in   iiitirejy   of   the  Fio,  I'M. 

inlfil  kiiscj,  Wiri^ 

ll'll      of     tllO      I'lllll- 

hI      filiiv-Mlla     with 

r-i>lui{<cil  iiiii'ti'i  wInVli 

I  chnmctcrintic  nf  tlmt 

iety.     I'urt  of  I.Ikisi; 

^Ki    illnjMiMsl    na    to 

*  riivulnr  cjihiriC' 

(¥iii.  I'll.  »).  wliidi 

be  rwulily  seen  in 

Im  of    the    whit* 

ihkit  or  in  the  blue  iris 

mjvii  from  which  the 

ba*  beeu  removeil. 

iiliutvly    etiTTouud- 

;  tho  iiujiilliiry  mnrftin 

ilic  lin^dtli  of  ah'iiit 

DO'thiril  of  a  line.    The 

of   thi.i  sphincter 

I  flOt  AhtVlIutoly  riaTal-        M't*'»h7r  iftn<^ti,fr  nftht  trit  of  a  WhIt*  RkbU^t  -. — a,  iphuiPfPF 

es]>ccia]ly«ttlLe outer  „„.t»/i,;,ap -m,  ,i,  .-inp.iscin,. 
■gill,  whore theyseuiQ 
Iwvorui'  continuciua  with  those  of  the  radiating  fasciculi  (li,  h),  which 
,y  Iw  traceil  IVom  this  sphincter  (tliougli  UBUiiUj  with  iJilKcuIly)  to 
outer  iiiargiu  of  the  ivin,  sometimes  anastomiwing  witji  ciich  other 
their  coiinte,*  The  contraction  of  tlie  auniiliir  fibrcH,  whereby  the 
loter  of  tlie  jnijiil  i»  dimiiiialied,  is  eti'ectcd,  aa  all'eajy  iijcplaiiioil 
2),  through  tile  instnimcntnlity  of  tlie  Third  pair  of  nei-ves;  the 
itniCtioD  of  the  nulialing  tibres,  on  the  othiT  hand,  whereby  the 
a\  i*  dilat'Tii,  ifl  under  the  govemmetit  of  the  cervical  jiortiim  of 
.jiathelic.  hp.ing  cnllcl-forth  (na  MM.  Budge  ami  Widler  have 
by  iiriwtion  of  the  trunk  of  the  Sym[iathi'tio  in  the  neck  by 
electi'ie  apjiaralus,  whilst  a  section  of  this  nerve  prtHliices  it 
_^  it  coiilnictii'ii  of  the  pupil,  the  nction  of  the  Third  jiiir  btinR 
BO  longer  anlayiiuize<l.  It  ap[H?iirs  from  other  experiments,  that 
fiLre-a  through  which  this  inovL-ment  i.s  elVected,  pas.i  through  the 
ian  iitungliou,  and  are  diftl^ibnt^^d  to  the  eve  liy  tlio  ophthalmic 
of  tiio  Fiftli  jiair  {j  i'J'2).     Tliu  contractiou  of  the  Pupil  answers' 

[*  Sm  Pr«f.   KollikBT's  "  NiltroBkopiaclie  Anuuiroie,"  bonil  ii.   g  2'a;  and  Joa.  J. 
■■»   'OlnertttliiiTis  ou    [Iia   C')utr»etilo  TiMue  "f  t!i«  IrFi-,'  in    "Qdftrt.   Joiim.   uf 
Qcmwup.  SrLcui"e,"  vol,  i.  \t,  S. 
t   "  Uuplln  Miyiralc."  1861,  N.«.  41,  14. 
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the  piiqjoso,  ns  wo  have  aeen,  not  merely  (if  exeluUiug  aiiperlluou*  light 
G-om  the  eye,  but  alsn  of  ciitting-iift"  tlio  most  divfrgent  mya,  when  the 
object  ia  brought  iieitr  the  irfnictiiig  aurfiu;!'  (§  7o2). 

758.  Hie  sense  of  Viaion  depends,  in  tlie  fiitit  j>lftce,  on  the  excitement 
of  our  sensational  eonacimisneRS  by  tlie  ocular  jiicture  impreesed  upon 
the  retina,  which  represents  the  ontlinea,  Jights  and  shades,  coloiin^  and 
relative  positions,  of  the  olijccts  liefore  us;  and  all  the  ideas  reapcotinj; 
the  real  forms,  distances,  ic,  of  bodies,  which  wo  found  upon  these  data, 
are  derived  through  the  perceptions,  either  instinctively  or  exjierii-ntially 
Buj^eat«d  by  sensations.  Many  of  these  ideas  are  derived  thronsb  the 
combinfttion,  in  our  minds,  of  the  Visual  perceptions,  with  those  derived 
from  the  sense  of  Tonck  Thus,  to  take  ti  most  simple  illustra'.iou,  the 
idea  of  Minoothnesa  is  ouo  essentially  tactilo ;  and  yet  it  constantly  occurs 
to  lis,  on  looking  at  a  surface  which  reflects  light  in  a  particular  luanner. 
But,  if  it  were  not  for  the  association  which  experience  Icails  uh  to  form, 
of  the  connection  between  /lo/is/i  as  seen  by  the  eye,  and  smixdhntitn  ns  felt 
by  the  toacli,  we  should  nut  bo  able  to  determine,  as  we  now  can  do.  the 
existence  of  both  these  qualities,  from  an  impression  eommuuicatad  to  us 
through  either  sense  singly. — The  general  fact  that,  in  Man,  the  greater 
part  of  those  notions  of  the  external  world,  by  which  his  actions  in  the 
adult  state  are  guided,  are  acquired  by  the  gnuliial  aasucialion  of  tlie  two 
sets  of  perceptions  derived  through  tJio  Sight  and  through  the  Touch,  is 
substantiated  by  amply-siiflicient  ovidouc*.-;  this  lieing  cluefly  derived 
Srota  observations  made  upon  persona  born  blind,  to  whom  sight  liftsbenu 
sommunicated  by  an  operation,  at  a  jicriod  of  life  which  enabled  them  lo 
give  an  uecurate  description  of  their  sensations.  The  case  recorded  by 
Clieaelden  is  <ine  of  the  moat  interesting  of  these.  The  youth  (about 
twelve  yeni-s  of  age),  for  some  time  after  tolerably-distinct  vision  hail 
been  olttoinwl,  saw  cverything_/?n(  ns  in  a  picture,  aimjily  roceiving  the 
COnsciouanesB  of  the  impression  made  upon  his  retiim;  and  it  was  some 
time  before  he  acquii'ed  the  power  of  judging,  by  hia  right,  of  the  real 
forms  and  distances  of  the  objects  aronnd  him,  An  amusing  aneodut« 
recorded  of  him,  sliow.s  the  complete  want  which  there  is  in  Mau.  of  auv 
natural  or  intuitive  coinieetion  ln;tweeii  tile  idejia  fonneil  through  %'isuul 
and  thriiugh  tnctile  sensations,  lie  wius  well  acc[iiauit*'d  with  u  Dtii;  aud 
a  Cat  hyfectiny,  but  could  not  remember  their  respective  chnracttTs  when 
he  saw  them ;  and  one  day,  when  thus  puzzled,  he  took-up  the  Oat  in  lu« 
arms,  and  felt  lier  attentively,  so  as  to  associate  the  two  set«  of  i<l««^ 
and  then,  sotting  her  down,  siud  "  So  puss,  I  shall  know  yon  lutolhcr 
time." — A  aimilnr  instance  has  come  under  the  Author's  own  kiiowleilgi*; 
but  the  subject  nf  it  vaa  scarcely  old  enough  to  present  phenomtrun  » 
striking,  One  curious  circumstance  was  remarked  of  him.  whicli  fiilly 
(K)nlirnis  (if  confimintion  were  wanting)  tjie  view  here  given.  For  some 
time  after  his  sight  was  tolerably  clear,  the  lad  pix-fen-ed  finding  hia  w«jr 
through  his  father's  house  (to  whii;h  he  had  been  quite  aecnstomed  wbMl 
blind)  by  touch  rather  tlian  by  sight,  the  use  of  the  latter  sense  afipearing 
to  jierplex  instead  of  assLstiug  him;  hut,  when  learning  a  new  localllv. 
ho  employed  hia  sight,  and  evidently  percoived  the  increase  of  GMnlity 
which  he  derived  from  it.* — The  actions  performed  by  many  new-boni 

*  Tha  quMtiou  has  been  propumil,  nhelher  a  person  iKim  Minil,  who  ns  >Ua  hf  llw 

BOW  of  ToacL  to  dUlmgiiinlj  h  cabi>  fram  a  Bj^hi're,  tvould,   na  mcLJonlj  obiuninf  liv 
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1  ({  (i04)  do  not  conatitute  aiiy  valiil  obji'diou  to  tlie  view  lliut 
HaUttJ  purivfitiuus  are  foi-  the  most  part  iicy«irn^  l-y  Man;  for  aJI 
kt  i'>  iutlicutixl  liy  tbciu  is,  tliut  certaiu  .itDKiktiona  ^ive-visti  to  moviy 
ita  mJnpted  to  supply  tbo  wuuta  to  wliidi  they  relate;  aii<l  tlii-y  do 
nut  nlloril  luiy  proof  tliiit.  definite  notions,  Bucli  as  we  eDtertniii,  of  the 
'.."■I-  nikii  properties  of  exl^ruAl  objects,  are  possessed  by  the  unimula 
.'xliihit  tliewL-— We  aliall  now  examine,  a  little  moi-c  in  dirtail,  into 
I  hy  wlticli  wo  gaiu  such  notionrt,  nod  the  duta  on  which  ihey  ara 

The  first  point  to  lie  deteriniueil.  is  one  which  has  been  a  finiitftil 

of   diH-iission, — the  cnuso  of  erei-l   viititin,   the  picture  upon  the 

itia  1>eirij>  iuverted;  and  witli   this  is  cotini'cti.tl  the  irenenil  iiui^tion 

■  >rij;in  of  our  .SWue  of  hirecticm. — The  difficulty  whit'li  hiis  l>cen 

il  ill  regai'd  to  the  former  air  liject,  ia  rather  apparent  than  real;  beinj; 

iiiixl  oil  tui  erroneous  notirjii  of  tlie  nature  of  the  Visual  sense.      For 

;  uviiu  to  liave  ijecn  aupposfd  that  we  iiu/;  al  the  retinal   jiicture  with 

thi;  "iiiiji'ra  eye,' jiwt  as  we  look  at  the  pictiiro  formed  liy  a  Oamemwith 

till)  boilily  eye;  niid  that  our  cooiHjioastit'SS  must  be  iherofore  impreascd 

liy  its  disivinlauee  with  the  infornuitiou  which  we  reeoive  through  our  Beusi' 

of  Toileb.  Koine  philo»j[ilicrs,  indeed,  luive  actnally  ^oiie  so  (ar  as  tooasurt, 

that  tlie  Intaut  must  at  Srst  see  everything  inverted,  and  tiiat  the  erect- 

noM  I'f  %-Uiiid  olijfcts  is  only  learned  by  the  corrective  experionco  gained 

hj  Uiucliiag  nnd  Imndling  theui.     But  such  is  clunrly  not  the  cu8e;  for 

lia  vuiml  [jerce|ilion  is  obviously  not  a  inere/miii/ir  of  the  sensorial  mi- 

■iiitt.  but  is  a  jiieiit'il  tUtle  exrileil  hi)  it,  and  therefoi'e  ■'elated  to  it  as 

dJect  lo  its  uiuse;  anti  we  kiiow  no  rcasou  why  it  sbotiJd  be  lejw 

nral  for  the  retinal   i-ictuii.i  to  fii'jijent  lo  t/te  iiiiiul  thu  notion  ■>f  erect 

ition,  tjmn  for  it  to  have  the  conti'arj'  effect.      Moreover,  it  will  appear 

nai   reL-ent  investigations  to  !«.■  hennifter  detailed  (§  773).  that  there  is 

in  thi)  eye  a  common  'centre  of  direction,'  thi-ou;,'h  wjiich  all  lines  must 

^kx  that  are  drawn  from  any  |>ointa  of  an  external  oVijeet  to  the  corrca- 

^bidiii-;  ]>ointH  of  it.s  retinal  imai^;*  and  that  wo  intuitively  refer  the 

^■iiH-  of  the  excit^ition  of  any  spot  of  the  retina  by  aluminous  impression, 

■Ban  objoctivo  source  in  the  '  line  of  direction'  which  pnsues  fri>iii  that  spot 

through  the  centre  of  direction ;  ao  that,  in  virtue  of  this  ■  law  of  visible 

tion,"  aa  all  the  lines  of  direction  cross  each  other  both  vertically 

liit«rally,  the  formation  of  au  inverted  image  npon  onr  retina  anggests 

|ntir  tiiiiicls  the  representation  of  the  object  in  its  erect  position,  and 

same  revtM-sul  tnkes-place  al^o  in  regard  to  its  two  sides,  which  are 

1  io  the  retinal  pictnre.    A  jieculiar  ariuugement  of  the  receptive 

Me  ta  iiniaguinit  thvin  >ii  tha  LitWr  teane.     This  qiiG«tioD  van  nDm'ered  bj 
Idckv  Tn  tliu  nepi^ve;  luiil,  as  n[)[>cttre  fnim  the  (nets  above  sUtwl,  with  justice. 

"  With  ri'gHrd  lo  the  prt-uinu  nituiitioD  t^f  t1>ia  *  c!ciEtro  of  dlroctin^n,'  thure  is  a  wimt  of 
BomnliuiM  nionni:  lb(«e  wh.i  ham  ftltcHiptwl  Ui  .liitCTiuino  it;  buidb  hnving  pinwii  it  is  the 
c«alr«  of  the  pupil,  nthi^rA  in  tha  L-entrv  uf  thv  orystAlliae  tcng,  others  at  variunH  distances 
bvtvwn  thin  Mil  the  centre  uf  the  gtube,  &nd  uthere  (itmang  them  Sir  D.  Drvaster)  in  the 
«Mitn  of  tJii^  ^lubc,  Tbifl  but  notion,  and  the  '  law  iif  viaible  directioa'  fonndDd  upon 
a, — uliicli  iiffirni*  tlml  evtryolijprt  ib  k>^u  in  tlie  JirMticn  of  the  ]>erpcudicnbir(or  nuliiul 
to  B*if7"  l>0'Ot  uf  llie  retina  wiiioh  ia  irapn'SHeil. — ia  ki>  man iftMtiy  wrong,  that  it  ia  difficult 
to  eodi^cite  how  It  oould  uFcr  have  been  ent^^rLuitvii  by  men  of  acieuce.  The  eipcrimeutftl 
inrvligattoD*  of  Dr.  Scne  {i  713)  lend  him  to  rcgarJ  ttie  rautre  of  the  cryBtalliim  a»  the 
olion.' 
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Hyiyiai'ntUR.  which  seems  tn  be  suliservietit  to  tUa  mental  approdatiou  »t' 
lUrfctiun,  baa  liec-n  already  noticed  (§  755). 

7(50.  The  ciiuse  of  Singh  Viswn  mtk  the  t%co  Eyes  lins,  in  like  manner, 
been  the  subject  of  jnuch  disciisaion;  and  here,  too,  the  difficiilly  is  rattier 
nyipureiit  than  real,  having  for  its  fouudatioa  the  idea  that  the  mind 
looks  at  the  two  I'etiuiil  jiictures  as  at  two  iiijjiarate  objects,  instead  of 
being  iinpresi^ed  bj  a  certiiin  statu  of  the  SenBoriuni,  wliich  nmy  he 
excited  throuj,']!  tlie  iuatnimi-iitJiUty  of  either  eye.  or  thi-oiigb  thnt  of 
both  ill  combiuiition.  tiotne  have  even  iissorted,  nnder  the  influence  of 
this  idea,  that  we  do  not  really  employ  both  eyes  Bimultnneously,  but 
that  the  mind  is  affected  by  tlie  image  communicated  by  one  only  :  which 
might  seem  to  bo  continued  by  the  fact  heretofoivi  mi'ntionoii  (§  -"ifi). 
respecting  tlip  alt-emat*  use  of  thi?  two  eyes,  when  they  are  looking 
through  two  differently-coloui'ed  media.  But  of  this  assertion  a  com- 
plete disproof  is  ttffonied  by  the  knowledge  we  now  possess  (f  761),  that 
our  apjireciation  of  the  solid  forms  of  bodies  depends  on  the  oombiuation, 
by  llie  Mind,  of  the  images  wimultaneously  siiggestetl  by  the  two  pic- 
tui'ea;  and  that  our  kiiowlodgo  of  distntices  is  in  ^rent  part  obtained  in 
like  manner. — Attempts  have  been  made  to  explain  the  phenomena  of 
Single  Vision  by  the  peculiar  decussation  of  the  Optic  Nerves  foniieriv 
described  (§  o23) ;  it  being  supposed  that  only  i>nc  Optic  Ganglion  would 
be  affected  by  an  impression  made  upon  both  Retime,  Tliis  ex  plana  tjou, 
however,  fveu  supposing  the  fact  to  be  as  stated,  would  be  far  fraiu 
affording  the  solution  of  the  problem;  and  it  would  be  entirely  inappli- 
cable to  that  vei"y  important  series  of  phenomena  to  be  next  describd, 
which  show  how  large  an  amount  of  information  we  durive,  not  from  tb« 
rnj'eiitiun,  but  fnnn  tho  diffcrencn,  of  the  sensory  impressions  made  by  the 
some  oliject  upon  our  two  retiiiK;  and  which  indicnt«  that  here,  as  in 
the  case  of  ei-cct  vision,  tho  iiumtai  vnierprrtaliQii  of  the  sensorv  impTfa- 
sions  is  a  process  altogether  i-cuioved  fi'oni  the  simple  affection  of  the 
consciousness  by  those  impressions,  and  is  not  to  be  occounled-fijr  by 
any  structural  tin-angemcnts  of  the  Sensorial  apjiaratus.  One  condition 
of  Single  Vision,  liowuver,  seems  to  be  this,  that  tho  two  images  of  the 
object  should  be  formed  on  parts  of  the  two  retinaj  which  are  acvnitomed 
to  act  in  concert;  and  A nfriV appears  to  be  the  chief  mwius  by  which  thin 
conformity  is  produced  (§  8O0).  There  can  be  no  doubt,  however,  that 
double  imag(!S  are  continually  being  conveyed  to  the  Sensiirium ;  but 
that,  fii;>m  theii-  want  of  force  and  distinctness,  and  from  the  attentigii 
being  iixoil  on  something  else,  wo  do  not  take  cognizance  ol  them.  This 
may  be  shown  by  b  very  simple  experiment.  If  two  fingers  be  held-iip 
before  the  eyes,  one  in  front  of  the  other,  and  vision  1*  tlirected  to  the 
ninro  distant,  so  that  it  is  ween  singly,  the  nearer  will  apj)ear  double; 
while,  if  the  neai«r  one  be  regai'ded  more  [larticidarly,  so  as  to  appnr 
single,  the  more  distant  will  bu  seen  double.  A  little  eonuderstion  will 
show,  therefore,  that  our  minds  must  be  thus  contiuiiallv  Affected  with 
sensations,  which  cannot  be  united  into  the  idea  of  a  single  image ;  tiiuc«s 
whenever  we  direct  the  axes  of  our  eyes  towards  any  object,  evurything 
ebe  will  be  represented  to  us  ns  double;  but  we  do  not  ordinarily  per- 
ceive this,  from  our  minds  being  fixed  upon  a  clear  and  distinct  image, 
and  diaregnrding,  therefore,  the  vague  imdefinod  images  fonued  byobjiKts 
not  in  the  visinil  focus.     Of  this  it  is  very  eaj*y  to  sntisfy  one's-selC — Thin 
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nt,  inoreoviT,  mHki>s  it  pvident  t)iut  double  vision  cannot  runult 

?«M»n(  of  gifnuitfiry  in  t.lte  position  of  the  iningea  u)>on  the  I'etiua,  to 

Ebich  some  linvo  nttrilmted  it;  for  it  Auttwerii  eqnally  well,  if  the  tine  of 

BO  two  lingrjs  1w  ]irc<.'isuly  in  front  of  the  nose,  so  that  the  inoliniition 

T  both  pyim  tiiWiirJs  eithci*  object  is  equal ;  the  position  of  the  iniagt«  of 

iiniii  iiliject  niKBt  then  be  Rt  the  same  distance  on  either  side  from 

iittiil  lini>  iif  the  retina,  and  yet  tliey  we  represented  to  the  mind 

a\i\f.     tli'iicu.  ti>o,  it  aeetns  cleitr  thHt  singleness  of  vision  in  an  object 

.  UKikiii-iit,  is  k1s<>  dependent  in  \-art  upon  the  convergence  of  tin  optic 

in  thai  object  (5  753) ;  anil  that  this  is  the  cnse  appairs  further  from 

lciiri<iu>i  rxjii-tiniciit  deviflod  by  ProK  Wheutatone,  in  which  two  siiniinr 

"  Jpcta  are  luiuk'  to  seem  .is  one,  when  they  are  placed  in  the  lino  of  con- 

iHifi-.     This  is  ucL-omplished  by  looking  through  two  tubes,  phiced 

■  till-  rit'ljl  iiiul  left  uyes  respectively,  at  two  similar  objectjt  of  any 

tion,  pluco"l   near  the  lartlier  CKtromities  of  the  tnbcs;   if,  now, 

object*  bii   slightly  spproxiinat^d.  so  that  the  axes  of  the   lubes 

dirvcti'd   tiiwitrds   theui)  meet  in  a  point  beyond,  the  mind  is 

with  thi'  iiiinge  of  only  a  single  object,  and  this  appears  to  bft 

rod-bcu'lc  t'l  the  [loint  of  convergeuce, 

761.  On  the  mode  in  which  our  notion  of  the  mlidjvrms  and  rdalive 

■■    I  of  iibjci'ta  is  aei|uire<l,  great  light  haa  been  thrown  by  the 

il;  expcriiueuLsnf  I'rof  Wheat«tcine.*  It  seems  perfectly  erident, 

Uii   In.iiii   reiison  and  experience,  thnt  the  flat  picturu  upon  the  retina, 

rliioli  is  iho  iniiuediate  source  of  our  sensation,  could  not  itself  convey 

'  our  niiiids  any  notinn.  hut  that  of  a  corrospnodiiig  ptunc  sul^ilce.      In 

,  ftnv  notion  of  giiliilio/,  which  might  be  formed  by  a  jierson  wbo  liad 

(i-vcT  hml  the  use  of  mure  than  one  eye,  would  enlively  depend  upon  the 

umbinntion  of  his  visual  and  tactile  sensations.     Tliis  view  is  fully  con- 

|rmed  by  the  eiuse  already  referi-ed-to  (§  708),  as  recorded  by  Uheaeldcn. 

The  first  visiiiU  idea  euti-rtained  by  the  youth  was,  that  the  objects  around 

lim  formed  a  flat  surtiwre,  which  touched  his  eyes,  as  they  had  previously 

in  contact  with  hia  liaiids;  and  after  this  notion  had  been  cun'ected, 

ah  the  education  of  his  sight  by  his  touch,  he  fell  into  the  converse 

of  supposing  that  a  picture,  which  waa  shown  to  him,  was  the 

bjeet  itself  represented  in  i"elief  on  a  small  scale. — But  whei*  both  eyes 

employed,  it   haa  been   ascertained   by  Prof.  Wheatatone,  that  they 

actir  in  eliciting  the  perception  of  solidity  or  projection,  which  arises 

Dm  the  tiientiU  combination  of  the  two  liimimilar  pictures  formed  u|M)n 

be  two  reliiiie.      It  is  easily  sliowu,  that  any  iiciir  object  is  seen  in  two 

3ei-ent  modes  by  the  two  eyes.     Thai  let  the  reader  hold-np  a  thin 

ok.  in  such  a  manner  that  its  back  shall  he  exactly  in  fi-out  of  his  noae, 

ad  11.1  a  moderate  distance  from  it;  he  will  observe,  by  cioaiug  first  one 

ye  »nd  then  the  other,  thnt  his  perspective  view  of  it  (or  the  manner  in 

thich  he  would  represent  it  on  a  plane  suriace)  is  very  diflereut,  accord- 

'  to  the  eye  with  which  he  aees  it.     With  the  right  eye  he  will  see  its 

I  aide,  very  much  fore-shoitened ;  with  the  left,  he  will  gain  a  corre- 

iing  view  of  the  loft  side;  and  the  appai'ent  angles,  and  the  leugtlia 

the  diflereut  lines,  will  be  found  to  ha  very  different  in  the  two 

On  looking  at  either  of  tiese  views  singly,  no  other  notion 

*  'Tbilaxoplucal  TraQHactioiu,"  1S38  uid  1S52. 
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ling  BtirfiUH',  (.lip  exoot  e-mnl'-rinirt  of  l.liat  frum  wliii'h  thu  ilnnrings 

mmlt\*     Tliii  soliil  Win   in  |Vin.:ilily  itii|nv.'isi?il  on  thi*  iitiTnl,  pvcii 

niitliii«>!  i-nlyare  given,  csjii'cially  if  tlirai*  1>p  dulinfatioiiB  ofsimpl" 

DHricnl   fij,'urt-a.  eaaily  aiiKgi-'Sloil  to  the  mind;  an<l  it  miiy  be  rea<iily 

awu  that  the  very  same  outlines  will  Biiggeat  diilerent  conceptions, 

ar<Iin<,'  to  the  Diodu  in  vrliicli  they  ara  jilawd.     Thus  in  Fig.  103,  the 


Pm.  103. 


Biifier  pair  of  ligiinv!  a,  b,  when  ooinbined  in  the  Stereoscope!,  escite  the 
Bifrm  «S  a  /irc'jec/ijii/  truiicateil  pyritinid,  witli  the  small  square  in  c/ie  centre, 
■mi  th-j  fuiir  sides  sloiiiuy  eijuivUy  nwtuy  from  it ;  whilst  thn  lower  pair 
-,  r;  D,  which  aii;  tlie  .^auie  as  the  upper,  but  tJTtnsffiTeii  to  the 
.ides,  no  less  viviilly  bring  before  tho  mind  thii  vlsutii  conctptiou 
a  rmntituj  pymmiil,  still  with  the  small  B([U«re  in  the  ccuti'e,  and  the 
siiles  sloping  o<iuaIly  tirwards  it. — I'rof.  Wheatatone  has  furth(?r 
bciwti,  Viy  means  rpf  the  Stereoscojie,  that  siiinSar  iinogea,  diffVtring  to  a 
Itin  extent  in  mngnitmle,  when  presented  to  the  corrrsjionding  |iart« 
the  two  retiiiH'.  j,'ive-rii«i  to  the  jjerception  of  &  single  object,  intor- 
lieAa  ill  size  between  the  two  monocular  pictui-ea.  Were  it  not  for 
Wig,  object*  would  appear  single,  only  when  at  an  equal  distance  from 
mth  eyea,  so  that  their  picturea  u]ion  the  retina  aro  of  the  aanie  mis; 
wliich  will  only  haplwn,  when  thty  we.  directly  in  front  of  the  lucdiao 
linf-  of  th<'  fiiee.  Again,  if  pictures  of  disainiilar  objects  be  simiiltaneoualy 
ntcd  to  the  two  eyes,  tlie  consequence  will  bo  similar  to  that  which 
exiipriciiccd,  when  the  rays  come  to  the  eye  through  two  difli^rently- 
uloutvtJ  media ;  the  two  images  do  not  coalesce,  nor  do  they  ap[)ear  per- 
iMimently  superposed  ouc  upon  the  other;  but  at  one  tiine  one  image  pre- 

'  Till-  must  itrikrag  etfect  is  jjtoJuccH  by  two  Pliol-iMniiiliir;  picturcB.  taken  ut  llic  sima 

DC  by  two  rutaeroK,  hij  plm^  llmt  thcli'  axvs  pIiilII  rjrm  the  ebiiig  angle  with  e/uJi  i>ther 

^*— '  •hirii  tliii  aieg  of  tJie  twn  tyes  wriiil,|  form  wliou  lix.king  at  tlie  nui\f-  olijfi^t.     This 

ticu.  tliough  tiiu  cnnlit  hoa  Ikhjii  .lesuueil  liy  otiiera,  ww  un^nally  ilevuwtl  Ly  Praf. 
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Oominflitcs  to  the  excluaion  of  the  other,  and  then  the  other  ia  seen  alone; 
and  it  la  only  at  the  nionieiit  of  change,  that  tJie  two  sei'm  to  Itc  intcr- 
miuglciL  It  does  not  a|i|n!av  to  he  in  the  power  of  the  Will,  Prol 
Wheatatono  remarks,  to  det«rniiin.'  ihe  ftjipoamiice  of  either;  I>ut  if  om 
pictui-e  be  more  illuminated  than  the  otbor,  it  will  he  seen  during  a 
larger  portion  of  the  time.  If,  however,  the  dlUereiices  in  the  two 
pictures  be  such  tliat  the  Mind  can  reconcile  them,  an  inttrnirdiate  con- 
ception is  formed ;  thus  if  two  photographic  portraits  lie  taken  at  the 
pi'oper  angle  for  the  Stereoscope,  not  simult.iueouslv  hut  couseeuliii'elv, 
and  the  '  wtter'  alter  hia  exjiressioD  in  tUa  interval,  so  that  oni'  of  the 
portraits  represents  him  with  a  smile,  and  the  other  with  a  frown,  tlic 
Stereoscopic  imago  will  present  an  intermediate  expivssion  of  placidity. 
— Many  otbw  curious  esjierimenlsi  with  this  simjile  inatniment  are 
related  by  Prof.  Wheatstone;  and  tbey  all  go  to  eonlirm  the  getieivl 
conclusion,  that  the  combination  of  the  dii»imilar  iuin]j;es  funiLshed  by 
the  two  eyes  ia  a  mental  act,  the  reaultant  of  which,  iu  the  ca-^e  of  all 
objects  that  ai'c  near  enough  to  be  seen  in  different  pei-spcctive  with  the 
two  oyes,  is  a  mental  image  (referred  to  the  visual  w»nse)  po.isessing  the 
attributes  of  solidity  and  jtrojcction.  In  regard  to  distant  ohject^  how. 
ever,  the  difference  in  the  images  formed  by  the  two  eyea  is  so  alight, 
that  it  cannot  aid  in  the  determination ;  and  hence  it  is,  tliat  whilst  we 
hove  no  difficulty  in  distingnishiug  a  picture,  however  wdl  jutiuti-d. 
fi-oin  a  solid  object,  when  placed  neiir  our  eyes  (since  the  idea  which 
might  Ik!  suggeiate'l  by  the  image  fornieil  on  one  eye,  will  then  be  cor- 
rected by  the  other),*  we  are  very  liable  to  be  misled  by  a  delineation,  in 
which  the  |ierspectivc,  light  and  sliiule,  Ac,  are  faithfiiliv  depicted.  il 
we  arc  placed  at  a  dist;im;e  from  it,  and  ai'c  prevented  from  )>erceivin; 
that  it  ig  but  a  picture.f  In  this  case,  however,  a  slight  movement 
the  head  is  sufficient  to  undeceive  us;  sinee  by  this  movement  a  great 
change  wonld  be  occasioned  in  the  perspective  view  of  the  object,  sup- 
posing it  to  possess  an  uneven  surface;  whilst  it  scarcely  affects  thtt 
image  formed  by  a  picture.  In  the  same  nisjiner,  a  jx-TBon  who  only 
pos-sesscH  one  eye,  may  ohtjiin,  by  a  slight  motion  of  his  bead,  the  sud« 
id<!a  of  the  form  of  a  body,  which  another  would  acquire  by  the  simulta- 
neous use  of  his  two  eyes. 

703.  Oui-  appreciation  of  the  relative  Distances  oinear  objects,  seonit  J 
to  he  derived  in  like  manner  from  the  mental  combination  of  the  jiem-p-^H 
tions  derived  trom  the  dissimilar  pictures  u]>on  the  two  rctiim,  MOsistM^H 
by  the  sensations  ilerived  from  the  muscles  of  the  eyeballs,  wliich  are  put 
in  action  to  bring  the  ojitic  axes  into  the  reipiisite  convergence,  Ho« 
much  our  right  estimation  of  the  relative  dis^ncea  of  ohjccta  not  too  ftr 
removed  from  the  eye,  de[)end3  upon  the  joint  use  of  both  ft/r*,  is  mada 

*  It  il  ■  rciuwk«ble  illuatmllan  of  this  principle,  thai  ■  phDlogniphJc  K{nv«ilati«a 
a I&ndgDiipe,  boilcllag.  &i^,  when  Tiewt^l  with  oat  tye  al  ■  muderati'  ■lisUuicr,  firqmiiltf 
brings  the  renl  hcsqu  fur  mnrs  I'orcilily  iHflom  the  mentkl  viaion  thua  trli^u  it  ii  lookai'*! 
with  both  ejBA-.  funcf!,  in  Lbe  latler  cilhc,  the  latnil  cann^H  Aroid  pen^vTrtng  the  flatniVflr 
itSJturface;  wbilst,  in  tLc  foniipr,  the  piTajH^i^titf,  idJ  Ibu  Oiaiributipii  of  the  %)iU^ 
abnduwi,  ore  freetu  iiuggcst  Iti  the  niinil  Uie  relittire  itiatiuic«e  uid  t'iuj«1Jaii&  of  Uw  mwal 
put!. 

t  Thii  ilEliuioa  hu  been  eitreinel;  cum|jlet«,  in  som#  of  tboM  who  have  ■«ni  tW  t>Bi>- 
rauiic  view  of  LinilnD  ia  the  C'lIusHQin.  A  lively  bikI  inlcnwtiog  UKvuDt  tJ  H  u  ^i^a  ■■ 
Ibe  Juuruikl  ut'  Ibe  Psran-  l^hipbuildun),  who  virited  BnglAQii  buidi!  jrun  tgo. 
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Nit  l>y  ihv  but,  timt.  if  we  do^  nue  eye,  we  find  ourselves  unulile  to 
>lr  with  oi-rtainty  ninny  actions  (such  as  tlirejuliog  n  nt«<)le,  or 
iag  A  cuniUe)  whiub  I'uquire   it?   guidnnco.      In    jiroportioii   as  the 
is  iiji|iroitiiiinteil  to  the  eyes,  aliglit  Hift'eivncea  of  distance  (irodiiee 
korl  iliil'iimn'i's  ill  the  degi-ee  of  oouvergence,  aini  these  ai-e   reiidUy 
»ttii  wi  as  lo  nft'oid  the  iiieauB  of  very  nice  discrtminatioti ;  wliilst, 
loihcr  hand,  ill  j)rr.i<irtinii  aa  they  (ire  reiiiovoil  further  and  fiirtLer, 
Hoptic  axes  njiproiiph   [•anillflism.  iind   t.lio   jmwer  of  ai.priicintitig 
sons  iif  distniu'e  is  lost.     It  is  the  iiBitiil  (i|iiiiioii  thnt  the  njiuiciilar 
Uion   whioh   m-ci 'in panics   the   iiicliuiitioii   of  l.lie  optic  ftXcs,  ininte- 
it/  miiijtfiA  ihi-  niition   of  the  iHftavf'.  (if  uli   ol)jo>'t ;  nnd  that  mir 
[■intii.ii  ijf  its  »i:r  dopeuda  upon  a  dci-'imiary  iiitfrjn-vl<ilion  of  the 
litiidii  of  ils  picttnv  on  the  retina,  on  tliu  biL.°<is  of  l.hi^j  uotion.      But 
vouhl   ai>peiir  from   the   experinieutB  of  Pi'of.  \Vheiit«tonc,  tliut  the 
is  the  ease;  tlie  seiisition  of  uonvergvnce  aaaiating  Id   the  first 
tioe  lo  lielpniiiii'-  tlit  si/e,  iiud  the  appivuiation  of  distnnoe  heing  & 
niilnry  jiid^fDiciil  iirised   ou   this   fonndiitiiin  (J  1G<i). — The  power  of 
niAttii);  distuiice  fi'uni  the  fore^'oing  dnta,  however,  Is  obviouaiy,  in 
ft,  not  Ml   intuitive  hut  nii  acquired  endowment;   for  it  is  evident  to 
f  oWrrviT,  that  infants,  or  oliier  pei-sonawhu  have  Lnt  recently  (i«|ulred 
bty  form  vt-ry  iiii]ierfeot  iileiLs  re-peeting  the  distance  of  o^jectw ;   their 
bni(>t«  ill  gnisp  liodies  wliich  attnict  their  attention,  heing  for  a  iong 
111,  so    tliat  they  only  gradually  learn  to  mwiaure  dis- 
K»  ;  _ht,  tlirongh  the  uiediiuu  of  the  touch.     And  it  Bcems  to 

Ifr.iu   lilt',  tbat  even  the  notion   of  'projection,'   which  we   seem 
rily  to   form  when   loo!dn|»  at  a  solid   ohject  within  a  moderate 
ow,  or  at  a  projierlj -adjusted   pair  of  Stereoscopic   pictures,  is  not 
■veil  from  an  original  intuition,  hut  is  the  residt  of  the  association  of 
viatial  with   our  taclUa  experieuw,  very  early  in   life,  so  n«  to  con- 
ate  n  '  secoDiIaiy  iutuition '  on  which  all  our  subsequent  appreciation 

ojcction  is  hiuied. 

J64.  In  regard  to  ri-mote  objects,  our  jndgment  of  Uistance  is  chiefly 
adw]  n[>on  their  apparent  si/^,  if  their  aetiial  size  ho  known  to  ua ;  but, 
ilia  tw  not  the  case,  and  if  we  are  bo  situated  th.it  we  cannot  Judge  of 
tiiit^rrcning  space,  we  priiicipaUy  form  our  estiinnte  from  that  efleet  of 
Hilt  degrees  of  remoteness  ujxin  the  clistinctness  of  their  colour  and 
litie.  which  is  known  to  Artists  an  'aerial  perspective.'  Hence  this 
nte  is  liable  to  he  grently  aftecteil  by  varying  stat«t  of  the  atni08|)hore. 
pBrticuliirty  known  to  every  one  who  has  visited  wai'mer  climates; 
the  extreme  clearnees  of  the  air  aoniotimes  brings  into  apparently- 
prosimity  a  bill  that  rises  some  miles  beyond  a  neighboui-ing  ridge 
iutprvening  spufi"  being  hidden,  so  aa  not  to  afford  any  ilatum  for 
1  estiinatc  of  the  ilistiuice  of  the  remote  hill),  whilst  a  slight  hawness 

I  its  apparent  distance  to  three  or  four  times  the  reality. 
f65.  Our  estimate  of  the  Size  of  a  rviiMle  object  is  [mrtly  dependent 
the  rUval  aii'jh  under  which  we  see  it,  and  [tartly  upon  our  estimate 
its  dutanct*     The  '  visiml  angle,'  formed  by  imaginary  lines  drawn 

Wbea  objwla  an-  sn  remote  thac  wo  hn'e  no  inenns  of  eren  upproiimnlclj  eslimntiDg 
r  iliMauct^  wo  liati^  no  niehriiire  Hltntevbr  of  i\k\t  -rccf-  Thir^  the  Snii  n\A  Uje  Moon 
if  utAflv  tbo  mmo  K|>parout  uUu  Ui  ua.  thongli  one  is  ftbiiut  fanr  huDdrcd  t^oieft  the 
tux  irf  tlic  uthRT  :  lud  we  nuif  ooTer  either  diK  with  a  sipeiice  hetil  neur  the  eyp,  M) 
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from  tbc  oje,  {Fig.  104,  a)  to  the  urtreme  iwinta  b,  c,  oftlie  object,  w 
tbe  laeuHun)  of  the  diniuiiaion  of  its  image  iivoii  the  rotiaa;  uud  it  in 

Fia.  104.   ■ 


obvious  that,  if  two  objects,  n  c,  d  e,  the  former  being  twice  tbc  lonfrUi 
of  the  Intter,  ho  jilttcud  &t  tlie  aame  diataiioe,  the  visunl  itngle  n  a  c  boing 
twicH  as  great  iis  the  angle  da  e,  the  image  of  b  c  upon  tlic  retina  will  bp 
Iwiot!  as  long  its  thnt  of  o  E,  and  the  mind  will  estimate  their  i-elative 
sizes  acounlingly.  But  if  the  disbintHj  of  the  object  It  E  bom  the  eye  be 
dinunished  to  one-half,  so  that  it  la  brought  tuto  the  l>oaitioii  r  n,  ita 
viaiud  angle,  and  CDnsu(|Ui!ntly  the  size  of  itii  iiuikge  on  the  retina,  will 
now  lie  equal  to  that  of  e  c;  and  the  eatiniat*  we  form  of  the  relativi- 
sizes  of  the  two,  will  entii'ely  dejwnil  upon  the  iden  we  enttrlain  of  tbeir 
mlativo  distances.  Hence  any  circunistauce  which  mixliBis  llut  ide^ 
[)roduiH>s  a  curres[)ondi]ig  dlfferLiuce  in  our  ostimate  of  thiii-  size;  sn  thnt 
th<;  aj))<arcnt  sia;  of  an  objeet.  seen  under  the  same  visiukl  angle,  may  be  ' 
ostimutcJ  as  Iiu'ger  or  smaller  tlian  Iho  rejdity.  according  ns  wesuppoiwit 
to  be  more  or  less  distant  than  it  ri?ally  is.  Of  this  we  have  a  familiar 
int^nce  in  the  faet,  that  if  we  meet  n  child  whilst  we  are  walking  acrOM 
a  common  in  a  fog  (the  llatiiess  of  the  ground  not  giving  us  iniicli  jKiwer 
of  eBtimating  the  iiiter%-ening  space),  it  ap[»'iirs  to  have  tile  stature  of  a 
man,  and  a  man  seems  like  a  giant;  for  the  indistini'tnewi  of  outline 
causes  the  mind  to  eoneeive  of  the  figiirca  as  at  a  greater  distance  than 
they  really  are,  and  tbeir  apparent  diuiensions  an<  Hugmented  in  like 
profiortion.  For  if  the  object  P  o  (Fig-  104)  Im?  menially  earrml-hitei  to] 
the  distance  of  D  E,  being  still  seen  under  the  visual  angle  pad  (or  B  i  c), 
it  will  appear  to  [>obso3s  the  length  B  C  insteiid  of  d  e.  Oh  the  other 
hand,  if  the  objeet  b  c  were  to  bo  jiKmlaSy  lirinigiu /tirvmrdt  into  Uw 

u  bi  he  1000  undei  tho  sune  viniul  niiKk-;  l>ql  we  ilii  nut  ixoikbii  tbu  tout  paver  sfM^ 
inatlng  tbtj  aotunl  ai>u?d  uf  Llifunf  ubjecla,  )UV8  bj  a  «dJcaUUoi]  boaod  on  a  kziavlfdfv  ot 
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positiuii  K  L,  iU  apptirent  size  IwJng  nlill  detci-niined  bj  it«  visual  angle, 
it  will  sp(!in  to  be  i-wldcwi  to  tht  Iimgth  F  O. 

7()6.  That  our  I'atirante  of  the  Size  of  near  objocta,  however,  (iepeiida 
iil«ii  a  more  diroct  jirocesB,  sMnis  to  be  n  DeL-esatiry  iiifureiice  from  the 
following  very  ingenious  exjieriinenta,  made  by  Prof.  WliaitBtoue  with  a 
modification  of  his  Mirror-Stereoseope,  duviMeJ  for  sepiinitely  testing  the 
itifluoQce  of  the  two  conditions, — nanitly,  tlit-  mngnitude  of  the  retinal 
picture,  aiid  the  degree  of  convergence  of  the  optic  ases, — whicli  ai-e 
ordinarily  in  action  together.  Wlien  nn  object  ia  moved  oearer-to  or 
fanliur-from  the  oyo,  ite  penxheil  or  eatimateil  magnitnde  underjfoes  no 
ohiui;^e.  But  if  two  pictures,  placed  in  the  mirror-stereoHCopo,  be  miule 
to  move  to  and  from  tlie  mirrors,  in  such  «  manner  «s  U'  vary  their 
liUlaiiceii  from  these  (uiid  therefore  from  the  oyea),  witiiout  iilteriug  the 
angle  of  convergence,  their  perceived  niiignitiiiloa  arc  migmented  aod 
reduced,  in  precise  proportion  to  the  increased  find  diminished  aiztsi  of  the 
retinal  pictures.  Converaoly,  if  the  two  pictures  he  made  ao  to  change 
their  places  in  regard  to  the  mirrora  (by  moving  in  a  liorizontal  circle,  of 
which  the  middle-point  between  the  mirrors  i»  tlio  centre),  that  the 
atujle  of  cunver(jence  ia  inercaaed  or  diminished,  as  it  would  be  if  the  object 
were  brought  nearer  to  the  eyes  or  removed  iarther  from  them,  tlie  per- 
ceived ma^'nitndc  of  the  pictures  is  altered  in  an  inverse  manner;  being 
reduced  when  the  angle  of  convergence  is  increased,  and  increased  when 
tlie  inclination  of  tlio  optic  axes  \a  lesseneil  ao  as  to  approach  parallelism. 
Thus  it  appears  that  the  abaeiico  of  alteration  in  the  perceived  inaguitodo 
of  uo  object  Its  onliniirily  seen  at  varying  liiHtauccH,  ia  the  result  of  the 
inverse  action  of  these  two  kinds  of  suggeation ;  for  the  oulargeuient  of 
the  retinal  picture,  when  acting  alone,  occasions  an  incrca.ic  in  the  per- 
ceived roagnitiido,  whilst  an  increase  of  convergence,  taking-placo  by 
itself,  diminishes  the  perceived  magnitude ;  and  thus,  an  these  alterations 
occur  simultoncoaily  when  an  object  is  appro^matcd  to  the  oye,  ite 
dimensions  spem  to  undei^o  no  change;  as  *ill  also  bo  the  case,  when,  by 
the  removal  of  the  object  to  a  greater  distance,  these  oonditions  are  again 
made  to  vaiy  simultaneously,  thongli  in  a  contrary  direotion. — It  may 
further  be  remarked,  that  in  the  first  of  tlie  foregoing  cKjwrimonts,  tlic 
picture  whose  perceived  mn^i^itudo  w  undergoing  enlargement  or  dioii- 
uution  in  couHoqueuce  of  the  alteration  of  lU  retinal  magnitude,  seems 
evidently  to  lie  approaching  and  receding ;  yet  if  wo  fix  our  attention  on 
it  when  it  is  stationary,  at  any  instant,  it  appears  to  be  at  the  same  dis- 
lauco  at  one  time  as  at  another,  the  elTect  being  very  much  like  that  of 
the  rhantasmagoria,  iu  which  the  alteration  in  the  size  of  tlie  images  on 
the  screen  euggests  the  notion  of  their  approach  or  recession,  although  we 
are  quite  seusibie  tliat  the  distance  of  the  screen  fiTJin  our  eyea  ivuiaina 
constantly  the  same.  In  the  second  experiment,  on  the  other  hand,  the 
picture  whoso  perceived  magnitude  is  undergoing  diminution  or  enlarge- 
ment in  consoipieiioe  of  increase  or  lessening  of  the  angle  of  convei^^nce, 
doee  not  appeaj-  either  to  approach  or  recede,  and  yet,  when  attentively 
regarded  in  ditferent  fixed  positions,  it  is  felt  to  be  at  ditfyrent  distances. 
Hence,  oa  ProC  Wheatstone  observes,  convergence  of  the  optic  axea 
suggests  fixed  distance  to  the  mind,  whilst  variatiiins  of  I'ctinal  magnitude 
surest  change  of  distanee  ;  and,  Iiowever  jsiradoxical  it  may  seem,  "  wo 
may  perceive  an  object  approach  or  recede,  without  appearing  to  change 
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its  distance,  and  an  objeut  bu  be  nt,  u  lUlferent  distance  without  appeariag 
to  approach  "r  i"ei!e(lft"* — A  like  altenitiim  in  ap[iarL-nt  size  is  jiroduocd, 
ivhen  two  ptiiiiioriigiirea  (nuch  fisthijse  given  in  Fig.  103),  the  effect  of  one 
of  ivliich  ia  to  Biiggt-st  a  projeclatg,  and  that  of  the  other  a  rrcnlhi^  form, 
are  vteweil  at  tiio  same  titm;  in  the  onlindry  Stei-eoscope.  For  it  will  be 
observed  that  the  relative  size  of  the  pnrtsi  whicli  appear  to  project  is  rei- 
dueed,  whilat  that  of  the  apparently-receding  jmrta  is  nugniei)t*d ;  as  id 
fMii-tioiilai'ly  the  case  with  the  si^iiiai-e  truncated  end  of  the  pyramiil,  whicli 
ia  estiinaMtd  by  most  (tersons  as  from  one-tlurd  Ui  one- half  larger  in  each 
of  its  dimensions  in  the  receding,  than  it  ia  in  the  projecting  pyramid, 
ootwithstauiling  that  the  actual  sizes  of  the  »|(iares  in  the  Iwo  sets  of 
figures  are  precisely  the  same,  Forsu]iposingH  I  (Fig.  104)  to  represent  the 
real  side  of  one  of  the  small  si|uare3,  which  becomes  the  tnincat«il  end  of 
the  pyramid ;  when  this  is  brought- forward  by  the  mind  ijito  die  position 
K  L,  UA  the  truncated  top  of  a.  pi-ojecting  pyramid,  Ijeiug  scun  under  the 
i-isual  angle  u  A  1,  its  apjuirent  sizo  is  reduced  to  f  g  ;  whilst,  on  the 
other  hand,  tlie  very  same  square,  CHiTied-liactc  by  the  mind  to  ifae 
ilistanee  d  e,  as  when  it  forma  the  tnineated  end  of  the  receding  pvramid. 
is  iiieDtally  eularged  to  the  ilimenaions  nc,  the  visual  angle  Ba  f  being 
the  same  as  ii  a  I. 

7li7.  Tlie  large  share  which  the  Mind  has,  in  the  interpretaliou  of  evca 
such  visual  impressions  as  seem  to  us  'iieeessanh/  to  induce  iNirticular 
perceptions,  is  further  shown  by  a  very  reniarkahle  class  of  phenomena, 
termed  by  Frot  Wheatiitone  (their  discoverer)  Cinn-erniont  of  RAUf. 
The  simplest  example  of  this  class  is  presented  by  the  alteration  in  the 
visual  product  of  the  same  Stereoscojiic  pictures,  when  their  iHiaitions  are 
trauspoai-d.  Thus  the  vciy  same  diagrjims,  wliicli,  as  placed  in  the  upper 
]WTt  of  Fig.  103,  brbig  before  the  mind's  eye  the  conception  of  a  pro- 
jecting pyramid,  when  changed  to  the  |Ki3ition  which  they  occupy  in  the 
lower  part  of  that  figure,  call-iip  the  image  of  a  receding  prnunid.  And 
a  correspuuding  effect  is  produced  by  the  reversal  of  any  other  [*ir  of 
Stereosaopic  pictures;  all  tliat  shoulil  project  being  made  to  reccdo,  ul! 
that  should  recede  being  made  to  project,  proriiL'd  Ihf  co7ivcrae  hat  any 
iiiea/iiiii/  which  the  Miud  can  readily  appreciate.^Biit  llic  same  etfecti 
may  b<'  produced,  if  the  objects  tlioinselvea  are  looked-at  by  an  instni- 
ment  devised  by  Prof.  WheatsUiue.  and  tei-med  by  him  the  Ptt^idaaeoj^ ; 
the  opticfil  etf*!ct  of  which  is,  to  reveree  the  ordinary  visual  (vlatious 
lietwecn  the  near  and  distant  paita  of  an  object ;  the  two  conditions 
describefl  in  the  preceding  pamgraph  being  combined  inversely,  so  th»l, 
im  an  object  or  part  of  an  object  is  nearer  the  eye,  its  larger  picture  on  the 
retina  Ls  aceoniiMmied  by  a  ilimiiiished  convergence  of  the  ofitio  axes. 
When  the  impreaaion  of  a  seal  is  looked-at  with  this  instrument,  it  u 
converted  into  the  representation  of  the  seal  itself;  or,  if  the  seal  be 
looked-at,  it  presents  the  figin-e  raised  in  relief,  as  in  its  oi-ilituu^ 
impreasion.  Ho,  the  inside  of  a  cup  or  basin  appears  as  n  solid  cvDVex 
body;    whilst  the  outaide  apptiurs  depresse<I    and  concave.      A   bait 

•  See  "  Pliilos.  Traosucl,,"  1852,  pp,  2-E.  Tl.c  Aiitlii-r  lliinks  il  well  la  a^  ttM 
lie  liM  LiraK'lf  Toriliwl  tlie  nbovc  Teij  earinu*  results;  wliitL  wv  utiivcIj  Ifb  r>lu*Uc 
i-onCtiliiitions  tutlio  FbyHiulusruf  RinixTuUr  vuioD,  lluui  LLiiau  au-lier  ntUunai  bf  tkt  i 
viiiiiient  exponmcoUliiit. 
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in  fraol   lieci>mi.'H  a  deep  holluw   iiiiuik ;   wliilnl  tlm  mt«riur  i)l' 

«f  a  t4ei»  |>neii<iiit«  the  ajipeni»nc*  iif  tlif  law  m  its  urdiiiarjr 

A  L'biDu  vase,  oruuiiientcd  with  uolmirccl  llnwtTra  in  relief,  seunis 

v«ttii:al  M»:1.ioa  of  tbu  interior  of  kucIi  a  vawj,  with  hollow  iniprea- 

<>f  tlie  donvrs.    The  base  of  a  brain  Btt-ms  (.■•iiiciiw,  like  the  iatoiior  of 

<i(  tbH  tilnill  vtiiifU  in  itn  retic;: ;  aa<l  thv  Ultof  hl-cihh  cniivtx  ntid 

,U)(,  likt--  tile  hasf  iif  tlio  Imiin. — Thi>s"'luiil  niiiiilurn|iiioarftnces  arc 

iliiiiieiliiiti'ly  jH-i-d'ivc^l;  HUil  «<>Mir  |)iv$iiht  tlx'iUHclvi'a  mucli 

ililv  ihaii  iithcra.     Tiuwe  wiuvimmci  I'liniis  wlilih  wiune  fircn/ttMitni 

\y  tn  env,  ur  wliicli  linve  ii  iiirniiiinii  tliiit  Ihc  iiiiiid  cnii  easily  appi'e- 

nni  tliiiw-  whii'h   ftiv   tiiiwi  ivowliiy  iwrci-ivivl.     Thii-s  the   Ulii.sioii 

'.  t'e  |iri»tii(V(i  with  a  liust  or  witli  tli"  i^wt  of  a  dux,  in  not 

..iiiibli-  oveti  )>y  n  li'iigihpnu'l  |)M'nil'»*o[nco>iiti'm)')it'.ifiu  of  tile 

U<T,  wliii'h  »'i'  i»ii  Btarcdy  concuivi'-of  ii»  thus  ■  tiir  ii'«I  insiily  imt." 

thi-i'  ii-i-y  iiitii-ifHtiiig  fact  is,  that  thoso  to  whom   til*;  il)ii-i<in  ilnos 

lirst  iirr^iit  ilst'lf.  usually  liiid  it  muli/^iJi/  foiiiu  ii|ioii  ilii-ui  after 

'  tiuK.',  e^in-ciiilly  if  tliej  shoiJd  liavu  iliivolcd   I'jc-ii'  miii'ls  t'l  thi? 

i«ry  coucejitiou  of  llie  olyett   undor  ittt  vhan-^^  H>.|ieL-t.     And, 

T,  irliiin  the  converniou  hni  taken  pluce,  the  mititiiil  ftN|icct  of  thu 

uontiniiivt  to  tntradi:  itself,  someLinitK  muldi^nly,  sooinUmoa  grn- 

,ftiid  fur  u  liiii^r  or  shorter  interval,  when  the  ton vorMO  will  agniu 

il  it.     This  is  iliio  Ui  tht)  involuabu-y  iiUiTiiiitiun  of  Lho  ntteutioB, 

111  tlin  nimviptioii  suggested  to  the  luiiid  l>y  the  viiiiitl  inijiretitiionB 

1  fhim  both  eyes,  aud  thiit  wliifh  is  derivi'd  from  fii.her  eye  aioy|Iy 

'9i),  the  Ultt-r,  luoix'oviT,  harmoiiiaing-with  and  beinj;  strf ngti"iKii-by 

roonlUictiou  of  th'>  iibject  fni  we  have  noon  it  Vjcforu,  oi-  (if  it  bu  new 

u»)  by  oiir  notion  of  its  natural  a|n)enrHnce. 

TlJS.  The  jjernieleiwf,  during  a  certain  int*irval,  t/ iinpre-»tti"nf>  made 
'n  Ihii  riUiiia,  giTes-rise  to  a  niinilicr  of  curious  yii^ual  plienonietia, 
:h  cttii  bt-  here  only  briefly  arlvei-ted-to.  The  prolongivEiou  of  the 
ioti  will  bo  governed,  in  part,  by  itR  ]irevionB  diinition ;  thus, 
we  rapidly  move  an  ignited  (xiint  tlirrni;j;h  a  cipoli!,  the  impree- 
itwJf  is  momentary,  and  remains  but  for  a  short  period ;  wliilsl,  if  wc 
been  for  eome  time  looking  at  a  window,  and  then  close  oiir  eyes, 
tBipr^sion  of  the  dftrk  bars  fanvorsing  the  illuminat^l  sptice  is  pre- 
fer several  Beconda,  Ouo  of  the  i«sults  of  this  persistence  i»  the 
ibJDatioii,  into  a  single  image,  of  two  or  more  objects  presenlod  to 
'^ —  in  siiwiessive  movements;  but  these  cmht  be  of  a  kind  which 
i)uite<l,  otherwise  a  coufuserl  pieture  is  produced,  Thiw  in  a 
ly,  called  the  ThaumatrojHS,  which  was  inti'odiiC'ed  some  yeara 
•jjo,  llie  two  objects  wure  painU'd  on  the  opjcsite  sides  of  a  cani, — a 
l«nl.  for  instance,  on  one,  and  a  cage  on  the  other ;  anil,  when  the  card 
wn)<  ni^de  (by  twisting  a  jniir  of  strings)  to  revolve  about  one  of  its 
•..-rs,  in  aiicli  a  manner  as  to  lie  alternately  preseritiug  the  two 
■  the  eve  at  niinuto  intcn'als,  the  two  pii^tni-es  were  blended,  tbo 
bird  (■eiug  seen  in  the  cage.  A  far  more  ciiriona  illiision,  liowevei-, 
was  that  lirnt  brought  inU>  notice  by  ProC  Faraday;  wlio  showed  that, 
if  two  tJjothed  wheels,  placed  one  behiud  the  fitlier.  1h?  maile  to  revolve 
with  tHjual  velocity,  a  stationary  sputtrum  will  be  scca;  whilst  if  one 
be  nioiu-  ta  revolve  more  rapidly  than  the  other,  or  the  number  of  teeth 
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be  different,  the  speptrum  alim  will  revolve.  The  amue  takefrplace 
when  B.  siiigli!  whe*;!  is  made  to  revolve  before  a.  iiiiiror,  the  wheel  aiid 
its  image  aaswoving  the  jmrjutse  of  tlie  two  wheels  in  tlie  former  cnsc. 
Ou  this  piTuciple,  a  number  of  very  ingenious  toys  have  been  con- 
structed ;  in  Hoiuo  of  these,  the  same  figure  or  object  is  seen  in  a  variety 
of  pOBitions ;  au  J  the  HUccessive  impressions,  [Msaiug  rapidly  before  the 
eye,  give-rise  by  their  combination  to  the  idea,  that  the  object  ia  itself 
moving  through  these  positions. * — -It  Ls  interesting  to  remark,  moreover. 
that  when  the  eye  has  been  for  some  time  contemplating  an  objert  iu 
motion,  and  is  then  directed  towards  stationary  objects,  ihene  appear  for 
a  short  time  to  have  a  like  movement.  Any  rail-road  traveller  may  try" 
this  simple  experiment,  by  first  looking  at  the  hedges,  ic.  which  he  is 
rapidly  pa-ssing,  and  then  at  some  part  of  the  interior  of  the  carriage 
itself,  especially  one  which  presents  a  scries  of  parallel  lines.  But  when 
the  impression  of  movement  has  been  of  longer  duiution,  its  efiects  are  kaa 
transient ;  thus,  a  jiei-soti  who  ha.s  been  for  some  time  on  board  ship,  sees 
the  floors,  walls,  and  ctfiliuga  of  hia  apartiuouta  on  shore  in  a  stat«  of  con- 
tinual up-and-down  motion,  even  for  some  days  after  he  lies  landed.  This 
would  seem  to  be  rather  a  iitnsorial  tlian  a  retinal  phenomenon. 

7G9.  When  the  Retina  has  teen  exposed  for  some  time  to  a  strong 
impression  of  some  particular  kind,  it  seems  less  susceptible  of  feebler  j 
impressions  of  the  same  kiniL  Thux,  if  wc  look  at  any  brightly 
luminous  object,  and  then  turn  our  eyes  on  a  sheet  of  white  paper,  wo  J 
shall  perceive  a  dark  spot  ujxm  it;  the  jiortioii  of  the  retina  which 
hail  been  affecteil  liy  the  bright  image,  not  b(\ing  able  to  receive  an  I 
impression  from  the  fainter  rays  reflected  by  the  paper.  The  dnrk 
sjiectruni  does  not  at  once  disappear,  but  assumes  different  eolours  in  suc- 
cession,—these  being  expresBiona  of  the  states  through  wliich  the  n^tina 
is  passing,  in  its  trauRiti<m  to  the  natural  condition.  If  the  eye  luu 
received  a  strong  imprea.siou  from  a  colourai  object,  the  gia?ctrum 
exhibits  the  eompUiiuint/irj/  colour  ;t  thus,  if  the  eye  be  filed  for  any 
lon)j[th  of  time  up>n  a  bright  red  spot  on  a  while  ground,  and  be  then 
suddenly  turned  bo  as  to  rest  upon  the  white  surface,  we  set-  a  spectmni 
of  a  green  colour. — The  same  explanation  applies  to  the  curious  phe- 
nomenon of  '  coloured  shadows.'  It  may  not  unireiiuently  be  olwerred  aX 
Bunset,  that,  when  the  li^it  of  the  sun  acijuires  a  bright  omnge  colour 
fi-om  tlio  clouds  through  which  it  passes,  the  shadows  cost  by  it  lure  ■ 
blue  tint,     Again,  in  a  room  with  red  curtains,  the  light  wUicb  jAsea 

*  A  very  bcnullful  '  phiJosophicnl  to;'  nas  shixni  lo  the  Antbar  Bonie  JDU>  (ince,  bjitt 
UtTontor,  Mr.  Eoberte,  the  celfibrutfd  lOHchtnlfft  uf  T^1jinche)rl47 ;  tumsitftitig  in  an  KpptfstOi 
bj  which  it  vflfi  Diade  poeidhte  to  rciul  vi^rds  ]mnleJ  (in  a  card,  althoagh  the  r^fd  ftadf 
WW  nude  to  ruvulre  oa  ita  aila  oven  10.000  times  in  n  minntc.  Tho  (irianpli:  of  iU  aa- 
■tradJonwBBidiuiitjIIilH,— tbnt  Iheejvraughtn  iuhwshuid  oF  glimpKs  of  the  card,  Ibnisgh 
ft  aarmw  «lit  befi^ro  ivLioh  a  dijiL  vith  a  HiDglo  corT^^iiondrng  jrcrfumtion  ifwa  ivado  t4 
rwoWe :  the  mte  of  movoniimt  of  thia  diEk  being  lo  n^oMcd  Iu  tJiat  <ir  tha  eftid,  tkal 
vbenever  ihu  uyr  FAiiglit  sight  of  the  Inttur,  it  nsa  tnnnrnlarily  in  the  nma  piatiiaii  •• 
that,  bj  the  surccMtuu  of  tmu!iii.'nt  imprewduiiB  tbna  mode  <ipan  the  retinft,  the  < 
prtntod  oQ  the  mn]  oulil  bo  diiitinctlj  read. 

^Hy  the  'oomplcmentfuy'  (Kitunr  ia  cieaat  thai  which  vould  be  rrqaind  to  raftkeirlufl 
or  polaurlesa  light,  wbnii  mined  with  tba  originnl.  As  Ptd,  blue,  uul  jelln*  ■»  llH 
primnryor  elcmenlAry  colours,  red  is  the  cnmplciucnt  of  green  (which  i>  eomiKMnl  of  jbHu* 
and  hlue) ;  blue  in  tbu  cniDpIi-incDt  of  orsniip  (rvil  nnd  jelluw) ;  uid  jellnv  of  pBrphfn  ' 
Jind  Wno) ;  and  rlrr  itm^  in  n(l  inntancos. 
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'Ja   ttiesi'  priiiluces   green  sbailows.       In    both   iaetanam,  a  strong 

Bimi  of  one  colmir  is  made  on  tbe  gtmt^ml  aurCaoe  of  tjic  ratiim ; 

nl  at  nny  particular  spots,  tLerefoi-e,  at  which   tiic  light  is  coloiirlesft 

put  very  faint,  that  colour  ia  not  jwrcfived,  its  coinpli-ment  only  boing 

"  uhlcv      The  coireotnesa  of  this   esplanatinn  is   proved  by  the  fairt, 

tt,  if  the  shadow  b«  viewed  throujrh  a,  tube,  in  such  a  mauDer  that 

a  ooloured  ground  is  escludod,  it  sepnia  like  txii  ordinary  slindow.     It 

1  Dot  anlikely  that,  as  Miiller  suggeata,  the  predominant  action  of  one 

Sur  on  the  retina  disturbs  (as  it  were)  the  equilibrium  of  its  coii- 

ftnd  excites   in  it  a  lendoDcy    to   the   devulojinieot  of  n  stalii 

wilding  to  that  which  is  produc-ed  by  the  iuiprcasiuii  of  the  coiu' 

<'nM!ui3ry  colour;  for  the  latter  Is  perwived,  as   he    reraarka,    even 

ihttTO  it  does  not  exist;  aa  when  the  eye,  after  reuoiviug  a  Hlrong  im|]rea- 

I   a   eolounid  spot,  and   being  directed  upon  ii  eouipletely  dark 

■  into  a  dark  cavity,  still  peroeivua  the  spyctriim.     Tiiis  change, 

il,  extt^nils  beyond    thi;   gpot   on    which   the   impression    h    niaiic 

L(  I);  for,  as  ia  woll   itnowu   to  Artists,  thf  sensory   impression   pi-o- 

p  by  any  colour  is  groiitly  affected  by  neighbourlug  hue-s.     Thus,  if 

1  atrips  of  coloured  paper,  or  any  other  fabric.  A,  B,  f,  n, — two  of 

oin,  A,  B,  of  one  colour  («.  ij.  red),  and  the  other  two,  l;  d,  of  some  dif- 

■iMit  oiioor  (e.  y,  blue),— ba  laid  side-by-side  at  intervals  of  about  half 

.  incli.  the  hues  of  tbe  two  contrnl  strips  b,  c,  will  bp  decidedly  modified 

Hioli  other's  proximity,  each  appronimatin^j;  to  the   hue  of  the   com- 

Bcnientary  colour  of  the  other;  so  that  insteatl  of 


A 

B                r 

D 

red 

red                     lilae 
we  shall  see 

Mnu. 

A 

B                            C 

P 

Rd 

untDge-rett         greenish -blue 

bine. 

7T0.  Upon  the  properties  of  the  Eye  in  regard  to  Colour,  are  founded 
laws  i)f  harmonious  colouring,  which  have  an  obvious  analogy  with 
lose  of  musical  harmony.  All  complementary  colours  have  an  agree- 
ile  effect,  when  judiciously  disposed  in  combination ;  and  all  bright 
ilonre.  which  are  not  complementary,  have  a  disagi-eeable  effect,  if  they 
are  prt-'doniiiiaut ;  this  is  especially  the  case  in  regard  to  the  simple 
foloiira.  sti'ong  combinations  of  any  two  of  which,  without  any  colour 
thai,  is  complementary  to  either  of  them,  are  extremely  ofl'ensive. 
Piiiiiters  who  are  ignorant  of  these  laws,  introduce  a  large  quantity  of 
!  grey  into  their  jiictures,  in  order  to  diminish  the  glaring  effects 
'hich  they  would  otherwise  pi'oiluce;  but  this  benefit  is  obtaine<l  by  a 
ifice  of  the  vividness  and  force,  which  may  be  secured  in  com- 
,tion  with  the  richest  harmony,  by  a  proper  attention  to  physiolo- 
_  cal  principles.* — Some  persons  whose  visual  powers  are  excellent  in 
•rery  other  respect,  are  more  or  less  deficient  in  the  power  of  dis- 
eriuiinating  colmtrs.  This  defect  (which  ia  now  commonly  known  as 
toniam,'  from  the  name  of  the  distinguished  philosojiher  who  ■xbs 


*  Thi*  mbject  hu  been  moat  cartful);  and  flnboratcl;  invoiti^lcd  h;  M.  Oievrrnl : 
linw  noent  Tnotiiw  an  Cnlauiv  lins  almint  eidiuiiBteil  the  eDi^uiry  into  the  oivtle  in  Thk'h 
VIhsiU  tenM  of  Msn  is  sSeulal  h;  Vivna. 
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Iiimself  tlie  subject  at  it)  niny  bo  so  complete,  thnt  nothing  can  he  ]>or- 
ceived  save  difFi'ixut  ilcgreus  of  light  and  shadow;  more  comnioiily, 
however,  it  exists  ooly  with  regaitl  to  paj'ticulw  coloui's,  esjiccially  such 
as  have  a  com]>lemeiitn,i'y  relation  to  one  another,  so  thtit  f>ei-w>ns  tLii» 
effected  are  unable  (p.y.)  to  ilistiDguish  rifie  clierrics  among  the  leuvra  of 
the  ti'ee,  save  by  their  form;  whihit  in  some  individuals  it  dues  no  more 
tlnin  coiifiiSM)  colours  that  are  nearly  relitteil,  Hiieh  as  gi'een  and  hluo,  espc- 
L'iiilly  wheu  they  are  seen  by  artiJiL-ial  light,  Whatlior  its  M3it  be  in  the 
nervous  appiiratuB  of  the  Eye,  or  in  the  SeiiHoriiini,  camict  In;  positively 
determined  ;  but  the  liitti^r  seems  t!ie  most  prolable  supposition.* 

771-  The  iiupnswiona  made  by  luuiinouis  objiicts  upon  the  Retina,  are 
not  preuisoly  conhneil  to  the  Bitots  xtyian  which  their  rsys  impinge,  but 
extend  thfmaelvea  to  a  greater  or  less  distance  around;  which  phe- 
nomenon has  Ih^ch  termed  ii-riuliathtii.  Thus  if  wo  make  a  circular 
white  spot  upon  a  black  gmund,  and  a  black  spot  of  pi^"eiBely  the 
sanie  diiuensiona  ujK)n  a  white  ground,  the  fininer  will  «eem  to  Iw 
cornddernbiy  larger  than  the  latter;  apfiarently  lu'causc  the  oscitation 
of  the  retina  by  the  lumiiii:ius  iuijiression  tenda  to  B])i^ead  itself  in 
each  cnae  over  tlie  adjacent  non-excited  sfiace.  Hence  it  ia  that  we 
are  able  to  distinguisli  any  Hmall  ma^itudea,  such  as  letters  or  the  lines 
of  a  diagram,  at  a  much  greater  diatancc,  wheu  they  are  marked  in 
white  on  tt  black  ground,  than  when  iiiscribed  in  black  upon  a  white 
ground.  Another  curious  ca.ie  of  the  same  kind  has  liecn  noticed  by 
Sir  D.  Brewster,  +  "  If  we  shut  one  eye,  and  direct  the  other  to  any 
fixed  point,  such  as  the  hcjul  of  a  pin,  Wf  shall  sco  indistinctly  all  other 
objects  witliiu  the  sphere  of  vision,  I*t  one  of  tlieae  objects  thus 
indistinctly  seen,  lie  a  strip  of  white  jiaper  or  a  yea  lying  on  a  green 
cloth,  Tlien.  afl^r  a  shoi-t  time,  the  atrip  of  paper,  or  thti  \K'a,  will 
disappear  altogether,  as  if  it  wei'c  entirely  removed  ;  the  imjire^ou  of 
the  green  cloth  upon  the  sun'ounding  parts  of  the  rttina,  ext^'oding 
over  that  part  of  it  which  the  image  of  the  [len  occupied.  In  a  short 
time  tlie  vanished  image  will  rti-ap[iear,  and  again  vanisli :  wheu  both 
eyes  are  open,  the  very  same  elVect  tjikea  place,  but  not  so  readily  as 
with  one  eyi>.  If  the  object  seen  indistinctly  ia  a  black  stripe  on  a 
white  ground,  it  will  vauisli  in  a  similar  luannei'.  When  the  object  kvii 
oblifjuely  is  luminous,  such  ns  a  candle,  it  will  never  vanish  eutintly, 
unless  its  light  is  much  weakened  by  being  placeil  at  a  great  iliatanoe; 
but  it  swells  and  coutiacts,  and  is  eneii'clcd  by  a  nebulous  lutlo." 

773.  The  [Hjwer  of  receiving  and  tianamitting  \isual  ijn[>rcssions  is 
by  no  means  niiiforraly  diffusud  over  the  entire  Uetina.  In  llic  whole 
fii'ld  of  vision  which  at  any  time  lies  liofore  us,  we  only  see  with  j'crfect 
distinctneiw  that  ]jart  to  which  the  ascs  of  our  eyea  are  directed,  and  uf 
which  the  image,  therofori',  ia  fonnod  upon  the  'yellow  spot'  (}  75o). 
Nevertiiolesa  we  have  n  auiSeiently  distinct  [lereeption  of  the  rcninindi^r 
of  the  fiohl,  to  unable  us  to  judge  of  tl»e  relations  of  the  objecta  which 
are  diatinetly  seen,  to  those  which  surround  them ;  and  the  niubililj  of 
our  eyes  enables  us,  under  the  guidance  of  our  visual  aense  (§  .>■(*)),  to 
direct  the  most  sensitive  3]wjt  of  the  retina  t«  every  jiart  of  the  field  in 

•  Sou  Bspednlly  Iho  MBinoir  of  Prof,  Swhepk,  in  "  PoggmilurTB  Aiuulm,"  taad  Uii. 
(1837):  aud  thnluf  Prof.  W«rtimum  in  "Tnylorii  Sdeatifio  Momoin^"'  »oL  i».  p,  IM, 
t  "  Trentiiic  on  OplicH,"  id  Lunlner's  Cyolnpicdin,  p.  2Hfl. 
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,  Dot  imly  without  effort,  but  even  almoGt  witlioiit  the  coii- 

:  that  we  Kre  iloiiig  bo. — GeDemllj  spenkiiig,  tlie  iudiatiiictneas 

viaion  for  nlijrcts  «eeii  out  of  the  axis  of  the  eye,  iiicreases-with  the 

niw  of  their  images  imja  the  central  point;  or,  in  oilier  words,  the 

iin)>tvet.iliility  of  the  aereral  pails  of  tlie  retiioi  dluiinislii^^s,  acwnUng  to 

Heir   (listuuc?   fniiu   the  'yellow  spot,'      Bui  there  is  oue  (iurt  of  the 

il  aurfecp,  naini-iy,  iho  seat  of  eiitranee  of  the  Optic  Nerre,  whieh 

■larkable  fv>r  Un  iuip(!rftM."t  i-ecuptivity ;  an  is  shown  by  the  following 

oriit.       Let   two   biaek    sjnita   lie    luaile    upon   a   piocu   of  piijK'i", 

Ibmit  four  or  five  indies  apart;  then  k-t  the  left  yye  Iw  cIosih],  and 

llw  right  eye  be  strongly  fijsed  upon  the  lefl-huod  spot;  if  the  piijier  be 

ai  moviil  backwards  and  forwards,  ao  ns  to  chiinge  its  distaute  from 

I  i-ye,  11  [loiul  will  be  found  itt  which  the  right-hand  spot  is  no  longer 

nilib*.  though   it   is   clearly  seen  wheu  the  pa|ior  is  brought  nearer  or 

Quviil  further.     In  this  position  of  the  eye  and  the  object,  the  rays 

aiu  thu  right-hani)  6[.>ot  cross  to  the  niisul  side  of  the  globe,  nod  fiill 

tpon  the  iioinl  of  the  retiuu  which  has  juat  lieen  mentioned.     If  the 

Be  ex[)eTinient    be   tried   with   candles,   the  image  will   not  entirely 

npfiear,  but  «-i!l  become  a  eiimdy  mass  of  light.     It  is  not  correct  to 

KJ,  lie  is  s>>tDetimes  ilone,  that  the  retinu  is  not  impressible  by  Lgiit  at 

hi*  j»'inl;  aiucc,  if  such  were  the  cits*-,  wo  should  see  a  dark  sjiot  iji 

Mr  tieid   of  view  wheuever  we  u»e  only  oue  eye,  which  is  not  the  casa 

Hir-  fact  fn^nis  ratlier  to  l>e,  lliat  this  poi-tion   of  the   retina  is  very  Jn- 

trior  to  the  surrounding  parts  in  its  receptivity   for  luminous  jinpres- 

otiit^  whilst,  on  the  other  Imnd,  thinv  is  :iD    iinnstial   tendency  to  the 

»t«)sion   of  tlieir   condition   to   it  by  'irrailiiition'  (§  771);  so  that,  iii 

csp>.' rime  lit   just   described,    if   the   black  fl]K)tB    be    made    ujKin    a 

oloiirpd  ground,  this  colour  will  take    the  ])lace  of  the  sjiot  which 

"  nppean. 

773.  The  impression  made  by  rays  of  light  upon  the  Ketina,  may  be 
I  »  certain  extent  imitated  by  other  physical  agencies  (§  731),  which 
I  givi;  rise  to  various  auhjcctipe  visual  phenumcnH.  Advantage  has 
atlv  been  taken  by  Dr.  Sen-e,*  of  the  power  of  mechwiical  pressure 
juce  liuuinous  specti^a,  for  the  investigation  of  the  '  law  of  lisnal 
ttoii'  (5  751');  and  the  results  which  he  has  obtained  are  of  very 
lit  interest.  When  any  [lart  of  the  glolie  of  the  eye  is  conijiressed 
\K  experimenter  being  in  a  completely-fhirkcncd  room),  a  luminous 
is  seen  to  be  projected  in  the  directioa  opposite  to  the  spot 
d-upoD.  Its  form  varies  at^cording  to  tbat  of  thu  compressing 
I  and  to  the  degree  in  which  the  retina  is  affected  by  it.  Thus  if  the 
I  be  made  by  tlie  point  of  the  finger,  or  by  any  other  circular 
■fiico,  UjKHi  II  [ifti't  of  the  globe  over  the  interior  of  wliicli  the  retina  is 
itiniious,  the  spectrum,  or  pfwspliine  (as  it  is  tiimied  by  Dr.  Serre),  is 
I  circular;  if  the  compresaing  body,  on  the  other  liand,  be  square  at  its 
Jtrpwity,  the  '  ])hosphene'  is  also  square;  and  if  it  be  triangular,  the 
fihoajihenc'  is  triangular  too.  Bnt  if  the  pressure  be  niaUo  near  thu 
Dterior  edge  of  the  retina  (which  is  what  most  comn\otily  happens, 
lile»»  the  moat  favourable  situation  be  designedly  chiseti),  the  figure 
tho  '  pliospheoe'  is  incomplete ;  and  the  degree  of  its  deliuieucy  oor- 

•  Seeliii  "Eraai  aarles  PliiispUiinM,"  I'ttrie,  186S. 
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nepouda  with  tlie  proportiou  of  the  urea  of  compreswon  that  does  n 
liuHiver  tho  i^tinnl  expan:jic>ii.  Heiice  there  can  he  no  hesitatioQ  in 
regarding  the  pit>ditction  of  thia  ajiectnim  iks  the  imiucitiatt!  rettnlt  of 
the  affectiijii  of  the  sciisorium  hy  the  pressure  ou  the  retinii;  andac  it 
Hoeiiis  to  our  perceptive  conscioiisnesa  to  have  a  ilistiuct  objective 
existence,  and  lis  its  position  bears  tt  coost^int  and  definite  relation  to 
chat  of  the  portion  of  the  retina  on  which  the  iinpreH^on  in  made,  it 
Mi;em9  obviouR  that  any  aueh  nffectiou  of  the  retina  not  only  intuitively 
Kiiggesta  t<t  our  iniiida  the  notion  of  an  external  objective  cause  of  the 
impression,  hut  ivlao  indioitea  to  our  coiiscionsnesta  the  directioit  of  the 
objiN:t. — But  ftirther,  besides  tho  priTioiiMil  ■  phoepheiie,'  anutlier,  of 
sinnllcr  iiiniension»,  is  u.su:illy  to  be  seen,  in  a  direction  nearly  the  same 
03  that  on  which  the  pressure  in  made ;  this  i&  the  result  of  the  trans- 
misaion  of  the  pressm-e  to  tlie  oji^'ostla  aide  of  the  globe,  by  an  altera- 
tion of  ita  figure  and  of  the  [rosition  of  ita  contenta,  which  eorreHpouds 
to  the  fracture  of  the  skull  by  coiUre-coitp.  The  form  of  thia  amaller  or 
secondary  '  phosphene'  is  not  affected  by  the  canec  which  someliroes 
renders  the  tai^r  or  primary  spectrum  inoompleto ;  since,  as  we  cannot 
anywhere  ajjply  pressure  to  the  living  Human  eye,  save  on  eoiae  part  of 
its  nnteiior  lieiiiisphere,  the  '  contre-coup'  will  always  take-)ilaoe  at  the 
ojiposito  spot  in  the  poaterior  heinisiihere,  over  which  tlie  retina  is  con- 
tinuons,  save  at  the  entrance  of  the  optic  nerve.  By  an  extensive  eerita 
of  obsei'i'ationa  npoit  the  relation  of  the  ])OBitionB  of  the  priniuy  and 
secondary  'phosphCues,' both  to  each  other  and  to  the  seat  of  coin- 
pres^iou.  Dr.  SeiTe  has  deduced  the  important  conclusion,  that  the  liuea 
joining  the  imiiginikry  spectra  and  tlie  a|iota  of  the  retina  from  whoxe 
alfection  they  respectively  proceed,  jmaa  tlirough  a  common  '  centre  of 
direction,'  whoae  jiosition  is  in  the  middle  of  the  ctystullinc  lens.  And 
hence  it  seems  to  be  a  legitimate  conclusion,  that  our  sense  of  the 
relative  directions  of  external  objects  is  derived  from  a  kind  of  mental 
projection  of  each  point  of  the  retinal  image,  ia  the  line  which  joius  tt  t« 
this  '  centre  of  direction.' 

774.  Another  very  curioua  sahjeclive  phenomenon  of  Viwon,  is  tho 
representiition  which,  under  [Mirticular  circumstances,  we  may  mentally 
obtain  of  the  retina  itself;  as  in  the  following  exjieriment,  first  devised 
by  Purldiiju,  luid  known  by  his  name.  "  If  in  a  room  otlierwise  dark,  a 
lighted  CHudle  be  moved  to  and  fro,  or  in  a  circle^  at  a  distance  of  six 
inches  before  tlie  eyes,  we  perceive,  after  a  short  time,  a  dark  arboreiwait 
figure  iTunifying  ovi-r  the  whole  field  of  vision;  this  apjieorance  ia  pro- 
duced by  the  va.sa  ccntralia  ilistrihuted  over  the  retina,  or  by  the  porta 
of  the  retina  covered  by  those  vesaela  There-  are,  properly  Kpuikiog,  two 
ftrhorescent  figures,  the  trunks  of  which  are  not  coincident,  but  on  iho 
contraiy  arise  in  tlie  right  and  left  divisions  of  the  field,  and  imuiodiat«ly 
take  oppoaito  directions.  Uno  tnmk  belongs  to  each  eye,  but  Uieir 
branches  intersect  each  other  in  the  common  field  of  viaion.  The  ex- 
planation of  this  jiheuomcnon  is  ua  follow!); — By  tho  nioveinent  of  the 
oantUe  to  and  fro,  the  light  ia  made  to  act  on  the  whole  exti^nt  of  the 
retitjft,  Hn<l  all  the  i>arts  of  the  membrane  which  are  not  iiamedintcl; 
covered  by  the  vasa  cuutiwlia  are  feebly  illiiiniuated ;  those  ports,  <m  the 
contrary,  which  are  covei-ed  with  tlioao  vesseb,  cunoot  be  actcd-on  by  the 
light,  and   ai-o  perceived,  thei-eforo,  ns  durk  arhoreacont  tigUTVa.     The«r 
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I  np|iear  to  lie  before  Die  eye,  aiid  to  bo  sut^uded  la  the  lield  of 
iloei."*  Wti  linvB  tbua  auother  demonstration  of  thu  fiict,  tliut,  in 
iitmrf  Viaiou,  the  immediaW  object  of  oui'  sensation  ia  n  cortnin  con- 

of  Uie  retina,  wliich  is  excited  by  the  formation  of  a  luminous 

15,  Tte  Visual  power  is  susceptible  of  oxtraoi'dinary  improvement, 
brougb  the  habitiuU  direotioQ  of  our  alteiilion  to  the  eSbcte  produced 
uli  our  tonsciousueas  by  the  imprfssiutis  tniasniitted  to  the  Sensorium 
a  the  Eye ;  and  tliia  improvement  may  take  pliiee,  either  in  regard  to  the 
I  and  ruuliuera  with  wbich  objects  genendly  are  perceived,  or  in 
ilty  of  discrimiuatiug  the  slightest  diderencea  in  form,  shade, 
Jnur,  JIa:. ,  or  of  discerning  bodies  of  extreme  miautoness.  In  regard  to 
I  these  pointB  it  may  be  noticed,  that  the  habit  of  attention  to  any  par- 
claw  of  objects,  sharpens  the  discriminating  power  for  that  cla» 
and  that  it  ia  usually  ratlier  the  mental  than  the  coqxireal  viuon 
uich  uiitlergoes  unprovemcnt.  Thus  the  Seaman  who  mi;kea-oitt  the 
lof  the  land'  where  the  Injidaman  can  discern  nothing  but  an  indehnite 
[above  the  horizoUt  or  who  can  distinguish  the  size,  rig,  and  courae 
n*  vessel,  wliich  the  imidamnn  can  but  jurt  nee  as  a  fcimilL-«5  speck,  iloes 
I  ill  rirtiie  of  tile  aptitude  of  his  mind  for  receiving  suggestions  fi'ora 
tiniitv  indications,  such  as  pass  unnoticed  by  those  who  have  not  been 
;i>tned  t'.>  form  their  iJeaii  upon  the  same  kuid  of  experiences.  And 
Mieroscopist,  whi>  is  condlaiitly  on  the  outlook  for  the  vai'ioua  forma 
'  nrjranie  structure  with  which  his  mind  is  familiar,  discerns  these 'with - 
dilfii-idly  or  hesitatiou,  where  an  ordinary  ohBeiTer  sees  nothing  but 
I  cjufuse-i  Jumble  of  llsBue. — It  is  interesting  to  observe  tliat  the  power 
r  descrying  objects  at  vast  diatjuicea,  appears  to  be  hereditarily  possessed 
■  two  races  of  men,  the  Mongols  of  Northum  Asia,  and  the  Hottentots 
r  Southern  Africa,  both  of  which  habitually  dwell  on  vast  plains,  that 
to  stretch  without  limit  iji  every  direction.  It  seems  pi-obable  that 
power  was  in  the  firut  instance  acquired  by  habit  in  each  case  ;  and 
,  aa  frequently  huppcue  with  acquired  peculiarities  which  arc  kept-up 
Ooiurtant  use  in  suoccsalve  generatioo^f  it  haa  beccimc  fixedly  here- 

6. — Senge  of  Hearing, 

77C  In  tlia  Ear,  aa  in  the  Eye,  the  impreaaious  made  upon  the  sensoiy 
'  are  not  at  once  produced  by  the  body  which  originates  the  sensa- 
1 ;  but  they  arc  propagated  to  it.  through  a  medium  capable  of  trana- 
lutting  them.  We  obviously  take  cognisance  by  the  mind,  therefore,  not 
'the  souoroua  object,  but  of  the  condition  o!'  the  auditory  nervr;  and 
3l  the  ideas  we  form  of  sDimd;i,  as  to  their  uatiu'e,  intensity,  direction, 
:.,  must  be  based  upon  the  chaugea  which  they  produce  in  it.  Tlie 
Dpltx  contrivances  which  we  meet-with  in  the  organ  of  Hearing  amoug 
lighcr  animals,  are  evidently  iutcuded  to  give  them  greater  power  of 
dijioriuiinaciijg  sounds,  than  is  possessed  by  the  lower  tribes ;  in  which 
Bt  it  is  reduced  to  a  form  so  siuiple,  that  it  may  be  questioned  whether 
bey  can  be  said  to  posse-ss  an  organ  of  heariiuj,  if  by  this  term  we  imply 
aything  more  than  the  mere  conaciousnoas  of  sonorous  vibi'ations. — There 

*  Mullcr'ii"Klem«iiUDf  Plijsiolutij"  (Btdr'sTnuiBUtiuii),  p,  1163. 
t  "Soo  "Princ.  of  CoBjp.  Phyriol.,"  g  620. 
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is  a  conaidorable  iliHarenoe,  however,  between  tlio  Eye  Kud  Uw  Ear,  in 
reganl  to  tlie  apeeiiil  jinrpoaes  for  which  they  are  respectively  wlapt^il. 
In  the  former,  we  hiive  seen  thiit  the  whole  object  of  tht'  instnimeul  is  to 
direct  the  rays  of  liglit  recuivtil  by  it.  iu  such  ii  iiiaiiner,  as  to  nee.ision 
them  t<i  fall  iijjun  the  eximnsinti  iif  the  cijitic  uerve  in  aimiliir  relntivi? 
position*,  and  with  correaj  inn  ding  jjroportiouiil  intensities,  to  thoaci  which 
they  iMJssessfJ  when  isauiiig  from  the  nliject.  We  have  no  rwison  to 
believe  anything  of  tills  kind  tube  the  jmrf>oseiif  the  Ear;  indeed  it  wi>uld 
bo  iiiconaiMlent  ^ritli  the  laws  of  the  pTOimgation  of  (Wund.  Sonorous 
vibnitioiiB  havinj;  the  mribt  vaiious  directions,  and  thi.'  moat  luieqiial  rates 
of  sucoeaHion,  are  trannmilted  by  all  tnedhi  witliout  mmiihcjition,  however 
numerous  their  lino«  of  intorsettion;  un.l  wheri-ver  theae  undulations  fall 
u|ion  the  aiuHtnry  nerve,  they  must  cituse  the  »>iisatioii  of  cori'esjmuding 
somiila.  ytill  it  m  probable  that  some  portions  of  the  complex  orgnu  of 
hearing,  in  Man  »u<l  in  the  higher  aniniahi,  are  more  adapted  tiiau  others 
to  receive  imjireKsiims  of  a  pai'ticulav  cimmeter;  and  that  thns  we  mny 
he  esjiecially  infoimeil  of  the  direction  of  a  sound  by  one  part  of  the  organ, 
of  its  lUHdical  tone  by  aniither,  and  of  some  other  of  its  qualities  by  a 
third. 

777.  The  (wsential  jtart  of  an  Organ  of  Healing  h*  obvinnsly  a  nerve, 
endowed  with  the  pectdiar  projierty  of  receiving  soinirous  undulations,  and 
of  tmuHnii tiling  their  eil'ecU  to  the  yensoiiiini.  Tliis  nerve  is  R])read-oul 
over  tho  Biirface  of  a  deliwite  membmne  which  liiica  the  Vtstibide  and  it« 
prolougiitiona ;  an<l  thin  menibmno  eneloaes  a  Huid,  which  ia  the  medium 
wheivby  thu  boiioivihs  vibratiodB  received  through  the  external  ear,  are 
c'liiiniunicuted  to  the  nerve.  We  leiim  fiiim  an  exniiiinatiim  of  the  com* 
[larative  atructui-e  of  the  auditory  apjianitus  in  the  lower  animals,  and 
from  the  Htudy  of  iLs  develojiment  in  the  higher,  that  the  Jiart  wliicli, 
being  moRt  constantly  present  and  being  al.so  tliB  earliest  in  its  develop- 
ment, may  be  considered  as  the  most  osaeiitkl,  is  the  Bim]de  I'ettilmlar 
cavity;  which  exists  where  there  are  no  vestiges  either  of  SeiiiicircuUr 
Candk,  of  Uocldea,  or  of  Tympanio  apparatus.  Siieh  u  condition  presents 
itself  in  some  of  the  higher  Invi-rtebrata  and  in  the  lowest  Fishes ;  but  aa 
we  naeend  the  Vert«brat«i  series,  we  find  the  atimictrcular  cauok  growing 
out  (lu  it  were)  of  the  Veatihule  In  Fislitss,  a  tympanic  apjiaratns  sii[*T- 
ailde<l  in  lieptiles,  and  a  Codihm  first  acquiring  a  more  than  mdiracuiarv 
development  in  the  class  of  Birds,  although  only  prcjiienting  iu  Mainmalui 
that  chaiiicbiristic  form  ti-ora  which  it  derives  its  name.*  Of  the  mode 
in  which  the  nltimiite  siibiUviHious  of  the  Auditory  nerve  are  distrjbatnl 
u|ion  the  lining  membrane  of  the  labyrinth,  it  does  not  yet  seem  [KMsible 
to  give  a  certain  account;  for  althtiush  Wagner  and  others  have  repw- 
sented  them  as  terminating  iu  free  loojis,  yet  moi-o  carefid  observation 
has  rendered  this  douhtfid ;  and  the  general  analogv  betwitn  the  ximpler 
forms  of  the  aiulitoiy  aud  of  the  vibuhI  npiiaratiis,  as  well  as  the  close  cor* 
respindonce  which  exists  between  them  in  the  liistory  of  their  develoj)- 
nient  (the  organ  of  hearijig,  like  the  eye,  being  budded-offlrom  ita  sensory 
ganglion,  5  i*!  I),  seem  to  indicate  that  the  peripheral  expansion  of  the 
au<!itory  nerve  might  be  exjiected  to  have  a  structure  aualogons  to  that ' 
of  the  retina.     The  moat  exact  observations  yet  made  on  this  ]iDiut.  mem 

*  Fifr  ,7  luuni 'Ictftilul  sketch  of  tliiy  Ci^nDparstive  Anatom;  oflbg  OrgiiB  of  Hmi%  w* 
Vlio  Aullinr'e  "  Pririwplcs  nf  f!oiii|uirativc  Pliyxiiilottj, "  jgTll-714, 
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1k)  (Ji««e  iif  llio  Mrtiiuw  Corti  *  on  thtt  Gocbleor  nerve ;  but  tho  naltiro 

'  ibo  diffvivnt  giarUi  nliivli  hv  dcacrHK^.  ia  far  from  liciiig  cloai'ly  iL]>jiar(^nt. 

■  m?rv<i  I'Hssiw-ont  tVtim  t!ie  mmliuliis  into  ii  aeries  nf  aniiBUnuuxing 

I  pxt^vutuil  ill  th(^  osseuiis  l/iiiiiiia  sj)ira/iK  ;  aod  it  tliere  couit-s  inti* 

311  with  a  bnnd  uf  vefiiouliii'  substance,  wliidi   lies  niMir  tUi-  i-ilgc  "f 

|»  liuiiiiut  along  its  wboio  len^-tli.     Tilt-  Mimpuucnt  vesicles  ai-e  cloiii^ateil. 

»nijg  11  wtitml  ftinl  a  iierii'iienil  txtreniity;  by  tbo  lumicr  thi-y  aiia 

l>»ui.-<!tcd  wicli  till'  fibivs  *it'  the  coclileai-  nerve,  the  cooaectiiig  liliuiieiitA 

dug   destitute  (as  elsewhere)  of  the  double   eoutour,   ami   lieing   veiy 

J«;  and  lij-  the  latter  they  ore  similarly  connected  with  the   fibres 

pb  isaiie-forth  from  the  osseous  iHminii,  to  be  distributed  u|ion  ite 

Ibmnous  eoatiuiuition.     Thent  fibres  form  taseiculi,  wliioli  traverse 

lubrauouM  liuiiiita  ue&rly  |>nnillel  to  euch  other,  und  una£tuuiuso  con* 

inually  Willi  oue  uuuther,  in  aiich  u  mimiiur  as  t-o  [ireseiit  the  iipijeiinuiue 

'  la(>|>ed  UTminationa.      Aeeording  to  L'orti,  however,  the  librea  reidly 

-till  fnrlher,  loaiug  their  double  contour,  luid  hecoming  gnidually  iu- 

rfKirated,  ua  it  were,  with  the  siirrnundiog  tissue.f 

77i*.  In  onl<-r  to  guln  any  definite  idea  of  the  uses  of  different  parts  of 

tiir.  it  is  iieeessary  to  bear  in  mind  that  sounds  may  lie  projiagati'd 

BOtif^t  w)liil  or  liuiil  boibe«  in  tliree   waja;  by  refijirocation,  by  rt/io- 

»iioii.   mid   by  coiuliieli'm, — 1 .   Vibnitinna  of  reciprocalion  are  escited  lU 

I  »r)uiidiug  boily,  wheu  it  is  capable  of  yielding  a  musical  tone  of  delinita 

illpli,  ftud  Htiutber  body  of  the  same  piteh  is  made  to  sound  near  it. 

"lliu  if  two  stiiuga  of  the  same  length  and  tension  be  jilnoedalonf.'sideof 

ch  oIIkt,  and  one  of  thorn  lie  st'Uiided  with  a  violin-bow,  the  other  will 

thrown  into  reciprocal  vibration ;  or  if  tlio  bame  tone  be  pi-oduceil 

tlie  string  in  any  other  manner,  as  by  a  flute  or  a  tui dug- fork,  the 

itnii?  efleet  will  result. — 2.   Vibrations  of  reaoiwnce  are  of  somewhat  the 

tiin  character;  but  they  occur  when  a  sounding  bodj'  is  plaeed  iu  con- 

nrctioii  with  any  other,  of  which  one  or  more  parts  limy  ho  thrown  into 

«ipr<>c5i]  vibiMion,  even  though  the  tone  of  the  whole  be  dillerent,  or  it 

I  not  eapable  of  piwlucing  a  definite  tone  at  all,     Tliis  ia  the  ease,  for 

uple,  when  a  tuning-fork  in  vibration  is  placed  ujKiiia  nound-bimrd  ; 

lor  even  though  the  whole  hoai-d  have  ni)  definite  funthinieutal  note.J  it 

will  divide  itself  into  a  numher  of  parts,  which  wtII  n?cipriH'ate  the  origi- 

.  suunil,  so  as  greatly  to  incruofie  its  intensity ;  and  the  same  sound- 


•  8e«  his  McfDnir  iD  Kolliker  und  yiehold^H  *'  Zeltschrift  fiir  wiBpena'^hiiftlTche  Z^iolr>pJe," 
1S51.  lAud  iii,  belt  1 ;  n\eo  Fnjf.  Ri'llikiT'B  "  Mikru?ikippL&eht?  Anatomif^,"  b;ujd  ii.  g  2^9, 

111  Ills  "  IlimJbuoli  uf  Uuiuaii  Hifituli^g;"'  (Sjdt^ii.  Sw.  Kiiit  ),  twl.  ii.  p.  407-113. 
t  I^i'li,  alK,  U  till)  nci:unat  vf  tlitir  Ivroiiiuilinii  giveu  l>y  Mesial,  TiM  ani}  lius-maD. 
I** Pli jsinlu^icAl  Analoroj,*'  vol.  ii.  p.  SI. 

*  The /"afiitmgnial  noffoS  &  eanomus  body  in  Ihelowent  tone  which  it  jieldg,  when  lhi> 
■hrilc  if  it  is  in  vibration  wgr'tber.     By  dividing  Ihe  body  inta  two  ur  more  distiutt  part*, 

1  nu;  Iw  niiule  W  givti  a  grtat  vaiietj  uf  buuiiija.     Thub,  if  a  Jitretiibed  striutj  be  divide) 

I  bridge  inb)  two  equal  parts,  each  will  sound  the  8tb  ante  or  octAie  above  the  fimdn- 

]  notfi.      If  il  be  ilividcd  into  three  parts,  ench  will  glfn  the  12th  above  the  faDdn. 

F&KnlAl  not«;  if  into  r>iir,  the  15t.h  (jr  double  oi]tave  will  be  heoiii;  if  Into  fire,  the  ITlh  ; 

tulo  tix,  the  Ifilli ;  if  into  «cTeD,  tlie  '20^th  {d.it  scceolJi  aW've  the  seeoiti)  iictftTe) ;  if 

linbi  t'ujit.  the  22nil  ot  triple  octnve.      A  siring  foreibly  srt  in  cibrotion  has  n  tendency 

'  NjOnd  Ihufie  harmonics  with  the  famlnmeutal  nct^,  by  spontaneous  divisiou  into  several 

cUnH  Hev^meiitB  of  vihrulion ;  aa  may  Ije  easily  niaile  evident,  hj  striking  one  of  tho 

«wer  kuyt  of  tiie  piano,  uud  listening  to  the  souTuts  heard  whilst  the  fuuilaaieutal  nul«  is 
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Ixirvrd  will  aot  equjilly  well  for  tuniug-furts  of  several  different  degrees  of 
pitch.  When  a  smallijr  bfxly  is  useil  for  rcfionance,  however,  it  ia  csseu- 
tiul  that  tht're  tihuuld  be  a  relmtioi)  between  its  fiindameutal  iiot«  and 
lliat  of  the  aoiioi'rjuH  Irody  ;  otherwise  tio  distinct  resonance  ib  produced. 
Thiis,  if  a  tuning-fork  in  vihration  be  bold  over  a  column  of  air  in  h  tube, 
of  flUflh  a  lenf^h  that  the  same  note  would  be  given  by  its  vihration.  its 
soimd  will  he  reciprocated.  And  if  it  be  held  over  a  pipe,  tlie  column  of 
air  in  which  is  ii  mwltipio  of  this,  the  column  will  divide  itself  into  that 
nuuiher  of  shorter  jiarts,  eiicli  of  which  wUl  reciprocal*  the  originiil  sound, 
jLnd  the  total  action  will  be  one  of  ruaoiiiinee.  But  il"  the  length  of  the 
pijie  bear  no  such  correspondence  with  the  note  sounded  by  the  tuning- 
fork,  uo  resonance  ia  given  by  the  column  of  air  it  contaiua. — 3.  Vibra- 
tions of  cmidtictiwi  are  the  only  ones,  by  which  sounds  can  strictly  bo 
said  to  be  projiagated.  Tbese  are  distinguisliahle  into  various  kinds,  into 
which  it  is  not  reijuisite  here  to  inquire.  It  should  be  remarked,  how- 
ever, that  all  medio,  fluid,  liiguld,  or  solid,  are  ca{]able  of  transmitting 
sound  in  this  manner;  a  vacuum  being  the  only  sjiace  through  which  It 
cannot  jmibs.  The  tnLnsmission  is  usually  much  wore  rapid  through  nolid 
boilies,  than  through  liquid ;  and  tlirough  liquid,  tlian  through  gaseous. 
The  greatest  dimiuutiou  in  the  intensity  of  sound  is  usually  jicrceivcd, 
when  a  change  takes-plnce  in  the  medium  through  which  it  is  propagated, 
especially  from  the  aeriform  to  the  liquid. 

779,  The  detoUed  application  of  these  principles  has  been  m<st  elabo- 
nitely  workcd-oiit  by  Prof.  Miilier;  and  the  following  statement  of  what 
may  be  regarded  as  the  present  couditiun  of  our  knowledge  of  the  subjiyrt, 
is  little  wore  than  an  abstract  of  the  results  of  his  experimental  investi- 
gations ;  of  which  the  first  serieu  bears  specially  on  the  cnse  of  iJioM 
ftuimala,  which,  living  immersed  in  water,  receive  tlie  sonorous  unduln- 
tiona  through  that  medium.  The  labyrinth  of  such  as  possess  a  distinct 
organ  of  hearing,  is  either  entirely  enclosed  within  the  bones  of  the  hiaid, 
as  in  the  Oi'phiJopodn,  iin<I  in  the  Oyclostome  and  Osseous  Finhes ;  or, 
its  cavity  being  jirolouged  to  the  surface  of  the  body,  it  is  there  brou^t 
into  communication  with  the  conducting  medium  by  means  of  a  mein- 
bi^ane,  beaidua  recei^"ing  tho  vibrations  through  the  medium  of  ibc  siilids 
of  the  body,  as  is  the  caae  in  Cartilaginous  Fishes  and  Cinastocea: — 
I.  Sonorous  vibrations,  excited  in  water,  are  imiiarted  with  considerable 
iutensity  to  solid  bodiea.^u.  Sonorous  vibrations  of  solid  bodies  are 
communicated  with  greater  intensity  to  other  solid  bodies  bi'ought  in 
contact  with  them,  than  to  water;  but  with  much  greater  intensity  U* 
wiit<!r,  than  to  atmospheric  air. — iii.  Sonorous  vibmtiouB  arc  commu- 
nicated from  air  t^  water  with  gi'oat  difficulty,  this  difficulty  very  much 
exceeding  that  with  which  they  are  propagated  from  one  part  of  the  air 
to  another;  but  their  transition  from  air  to  water  is  much  &ciliiat«d  by 
the  intervention  of  a  membrane  extended  between  them. — iv.  Sonorous 
vibrations  are  not  only  imiiarted  from  water  to  solid  bodies  with  definite 
atirfaccs  which  are  in  contact  with  the  wat«r,  but  are  also  returned  with 
incrcjised  intensity  hy  these  bodies  to  the  water;  so  that  tho  sound  is 
heard  loudly  in  tho  vicinity  of  those  liodies,  in  situatdons  where,  if  it  luul 
its  origin  in  the  conducting  ixjwer  of  the  water  idone.  it  would  be  faint 
— V.  Sonorous  rmdulations,  pi-ojiagatiKl  through  wut*ir,  arc  partially 
reflected  by  the  surfiu.'eB  of  solid  hotiies. — ^vi.  Tliiu  membranes  ooudnct 
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^    Niutnl  ill  wnlnr  without  aay  UtsB  of  its  iuleiiaity,  wh^tUer  they  be  tense 

r  ''x. — Til.  Whon  soniiroHs  vibmtions  are  cummiinicatpil  Groiii  wiilor, 

r'  iiirliwnrl  iu   iiiKnibnuirs  or  a"Uil  buiiies,  ii  coiisiilei-able  morensc 

II-  iiiU-iiaity  of  llie  soiiiii)  is  pr<Hluoed.  by  the  i-esonance  of  tho  iiir 

■itvtiiiMini-ibeil. — VIII.   A   body  of  air  inclosed  iu  a  motubroue,  tuiil 

:    I    by  water,  aJso   iucnaiscs   the   intonfttty  of  Uiu   sound    by 

wb-.'ii   tbe  gouorous  uudulutluDS  are  eomuiuiiimteJ  to  it  by 

dn  living  in  diraro  nearly  always  provided  with  an  opeuiug 
1l^^  p  tliK  Vi'diibule,  thc/en&flra  ovalis,  covered  by  ii  thin  lueiubrane ;  and 
I'mily  witL  a  Tipiiixtnic  <iy/iaralits  aiao.     Tlie  followiDg  exiK-inmenlal 
JU  bear  upon  the  matuiei'  in  which  the  Eiir  of  such  njiimaU  lb  alfL'ctcd 
'  •outul: — IX   Sonorous  uudnlations,  iu   piasin^  from  air  directly  iuto 
r.  luflur  a  ounsidei-iible  dtiiiiiiutiou  iii  tliuii'  titi-ength ;  wliili:,  un  tbe 
ry,  if  D  tense  raenibrane  exist  betwi'on  tbe  air  and  tbe  water,  tiiti 
artHu  tuidolatious  arv  cumnmuiuitt-d  from  tlie  former  to  tlie  latter 
diutii  with  great  iuteiutity. — x.  The  aonovoua  vibrations  are  also  ooin- 
uiiimt^d,  without  any  peri-t-ptiblv  loss  of  intensity,  from  the  air  to  the 
or;  when,  to  the  membrane  rormiug  the  medium  of  communication, 
ia  attached  a  short  solid  body,  which  ocGupieti  the  greater  part  of 
■urSu^o,  and  is  alone  in  contac-t  with  the  water, — xi.  A  Braall  solid 
Hj,  fixed  in  an  opening  by  meanit  of  a  border  of  membrane,  so  as  to  be 
uTwiblo,  communicates  sonorous  vibrations,  &om  tur  on  one  side,  to 
'  or  tlie  fluid  of  the  iubyrinth  on  the  other,  much  better  thaa  solid 
uol  so  constructed.      But  the  propagation  of  sound  to  tlie  fluid  is 
ilercd  much  more  perfect,  if  the  solid  conductor,  thus  occupying  the 
{,  is  by  its  other  end  tixetl  to  the  middle  of  the  tense  membrane, 
has  atmospheric   air   on   both  sides. — The   tiu:t   ittateil  in   is.  is 
.ly  oue  of  great  importance  iu  the  physiology  of  bearing ;  and  fully 
1  the  nature  of  tbe  jiroccas  in  those  animals,  which  receive  the 
I  vibrations  through  air,  but  which  have  no  tympanic  ajiparatoa. 
ve  have  the  elucidatiou  of  the  action  of  the  fenestra  ovalls,  and  of 
'  moveable  [ilate  of  the  stapeu  which  occupies  it,  in  animals  living  iii 
'  but  destitute  of  tympanic  apparatus:  this  u naturally  tlie  ease  in  many 
uphihia;  and  it  may  happen  as  the  result  of  disease   iu   the    Huuiau 
In  II.  we  liiivo  a  very  intei-eating  demonstration  of  the  puqiose 
,  ai^on  of  the  tym|)auuni,  in  the  more  perfect  forms  of  the  auditory 
LTHttu. — We  are  now  pri-|wred  to  inquire,  in  somewhat  more  of  detail, 
the  actions  uf  the  dilii-reut  parts  of  this  apparatus;  and  it  will  be 
Br   to  cunimeiice  u'ith  those  of  the  Middle   and  I-nttnuU  Bar,  the 
siy  organs  being  afterwards  considered. 
it<l.   The  Mtnibraiia   TyiitiHini  consists  of  three  layers;  a.xx  cxlenuil 
'  cuDtiiiuous  with  the  cutis  of  the  external  meatus,  and  oonsisting  of 
aflid  tissue  with  a  covering  of  epidermic  ceils ;  an  iiUfrnal,  whinh 
Ltreoiely  thin,  continuous  in  like  manner  with  the  mucous  membrane 
aing   the  tympanic  cavity,  and  al^  composed  of  dermoid  tissue  and 
pithelium ;  and  a  middlt  layer,  which,  according  to  Mr.  Toynbee,*  may 
Bcpamtcil   into   two   diatimvt  liiminiK,  whose   fibres  run   in   contrary 
ctiOUi»,  those  of  the  external  layer  (which  is  the  stronger  of  the  two) 


*   "  Plulufyii>liii«l  Tr&DiiaclioiiB,"  1^61. 
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ra/litUiiiij  ft'om  tho  niallens  towanls  the  jwriphRral  ring  to  which  they 
tu-a  iittacheU,  whilst  those  of  tliB  internal  an'  annular.  The  libres  of 
which  thcsi:  laTuinie  arc  composed,  do  not  a.p[>eiir  t<>  be  muscular;  nor  do 
tliuy  pi'Mt'iit  the  longitudinal  fxii-allel  winy  linett  chantrt«ristic  of  ordinary 
fibrous  mcmbitincs ;  and  tliey  are  rendered  ojioque  by  acetic  acid.  Hi'Ui 
although  those  laminie  ajipejir  to  bo  derived,  the  external  fi'oiu  the  peri- 
osteum of  the  meatus,  and  the  intcruul  from  that  of  the  tympanic  cavi- 
they  differ  from  it  in  elemeotary  structure,  and  aeem  to  have  more  i 
common  with  the  elaatic  tissue.  Mr.  Toynbee  points  out  the  exiateucc 
of  a  tubular  ligament,  enclosing  the  tendon  of  the  tensor  tyinjioai 
muscle;  and  considers  that  the  membrane  in  mamtained  hyChi.s  ligam*:'Dl 
in  a  state  of  moderate  tension,  the  assistance  of  the  ujuscle  Irejng  ou 
re«]uired  to  augment  this. — The  fiiiictiou  of  the  Meiiibruna  I'l/in/ii 
seems  obviously  to  be  the  reception  of  aonoi-ous  undulations  from  thf  air, 
in  such  a  maimer  that  it  may  Iw  thrown  by  tliem  into  a  reoiprocnl 
vibration,  which  is  communicated  to  the  chxiin  of  bones.  In  its  usonl 
state,  this  mBmbniue  is  scarcely  on  the  stretch ;  and  this  is  ftmnil  liy 
expei-iment  to  be,  for  a.  small  membrime,  the  best  condition  for 
propigation  of  ordiiiaiy  uudulations.  This  is  easily  I'oudi.'rcd  sensible 
one's  own  person;  for  an  incrcaiied  ten.'ion  may  lie  given  to  tlie  luc: 
bniua  tympaui,  either  by  holding  the  breath  and  forcing  air  iiit*>  ll 
Eustachian  tube,  so  as  to  distend  it  from  within,  or  by  t-xhaustiui;  tl 
cavity,  80  as  to  cause  the  external  nir  to  make  increased  pressure  u 
it;  and  la  either  case,  the  hearing  is  inimediately  found  to  become  ini 
tinet.  It  is  observed,  however,  that  grave  iind  acute  sonntls  are  ikj 
e<jua!ly  affected  by  this  action ;  for  the  experimenter  reiidew  him 
deaf  to  grave  sounds,  whilst  acute  sounds  are  heard  even  more  disttnctl; 
than  before.  This  fact  is  readily  understood,  by  referring  to  the  laws 
AcouaticH  already  mentioned.  The  greater  the  tension  to  which  t: 
mcmbrana  tympani  is  subjected,  the  more  acute  will  lie  its  fundamental.' 
tone;  and  a.s  no  ]iroper  reciprocation  can  take-plaee  in  it,  to  any  wiimi 
luifer  than  its  fundamental  tone,  its  jtower  of  repeating  perfectly  I 
vibnitiona  proper  to  the  deeper  notes  will  diuiinish.  The  nearer  asuuoi 
approaches  to  the  ftindamcutiil  note  proper  to  the  tense  membrane,  tli 
more  distinctly  will  it  be  heard.  On  the  other  hand,  when  the  mr\ 
brane  is  in  its  natnrally-rehised  coTidition,  its  fiindamuntnl  nou;  is 
low,  and  it  is  eapible  of  re]ieating  a  much  greater  vai-iety  of  sounita:  for, 
when  it  rec^'ives  undulations  of  a  higher  ttme  than  those  to  which  th' 
whole  membmue  woidd  reciprocate,  it  dividea  itself  into  ilistinct  s«igmentSi 
of  vibration,  which  mv  sejiarated  by  lines  of  rest ;  and  every  one  of  thcM 
reciprocates  the  sound,*  at  the  same  time  rendering  it  more  intamae  by 
midti plication  ( j  7  ~S).  These  facts  enable  us  to  understand  the  iatb 
of  the  teiuior  l>/ini>aiii  mtiscle,  in  augmenting  the  tension  of  the  meml 
and  thus  euahliug  it  to  vibrate  in  reciprocation  to  sounds  having  a 


*  TbiH  a  tcrj  eiaily  gimvpl  bf  oiperinieiit  on  ■  oieiabnuie  strrUheil  orer  k  nagoBt 
□kvit;  i  fur  if  ligbt  shuiI  be  tttrowpd  upon  it.  AJid  n  sLrong  mOAn]  tone  bv  fpnxluDal  is  iU 
riciuitj,  thu  meaibnUKi  will  iinm»lialcly  he  set  in  TiliratioD,  uut  at  a  whirle  [iinlii  iN 
(iudameiit»1  note  be  in  uniBon  wilb  tbit  htgnilod),  but  in  illflWn-nt  sCfiaeDU,  >tf  '■Ucfc 
erciy  oiiL-  rB(itpro«t««  Ibe  ■'inml:  Trum  Ihv  librsling  piirlii,  Ibe  nuiJ  will  b*  liiihallj 
tliiusn-oB';  but  it  will  sultl«  uii  tbu  iaUTiuHiliale  linn  of  TBSt,  irUek  m  kiunrn  x  IM 
itadiil  liucH,  fonuin^n  mrietjof  cnrii^iu  %uree. 
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•y  of  fandAninntal  iiotm.   Ilappcnn  t<>  )>u  antiii^iuiwl  liy  the  «f(tyi«- 
tliu  contnwTliiiii  of  wliidi  »wiiis  Iti  <tiiiiiiiiBli  tin-  U'usion  of  tlic  nietii- 
tvu][Hiiii.  Hiiil  I"  Uiku-ull'  [■ri'ssun-  ffiiu  tlin  tiiiiil  ul'  llio  lal>yniitli. 
Iwci  tiiUMrliu  iMiiJDintly  lUJiy  In'  oniisiilt'iiul  l-i  I'l-giiliiUi  the  invtutmia- 
f  Miiioriius  iiiiiliilittiima  to  tlietiui'lof  tlie  iiih^niiLl  $.111,  jiruventiuf;  it 
i"0  vinlfiitly  itl1'<-<cU'tl  liy  loud  goumln,  ill  tli»  s»dio  mntinri' that 
■iiiU«  till"  luiuiissioii  of  light  to  tlin  t-ye  (^  7-v7);  ami  tUo  anii- 
\  -  iiltxi  to  ttii'ir  iifi'\'o\i8  SHjFjily,  tlii'  stiijieiliTis  beiuti  pxuitoil  tii 

l>i-nurli  iif  iLc   Fai'Lil.  w}iilrit  tliu  ti"ii3or  tyiupniii  reoi-ivcs  itH 
I  lUv  Otic  {3»nglioti  (J  825).*     Tliuy  are  jiroliftbly  jiut  into 
lull  wlit'u  We  are  lixtvninii  for  fitiiit  Boiiuds,  so  as  to  bring 
lyin|iii[iiiiLi   iuLo  tho  I'Utte  of   tuiuiiou   beat   luliiiitetl   to   re<.'i|ir(>oHti' 
;  <*  liiLsl  liy  Jt  !ik<3  |>ro[iuratioD,  the  coueiissive  eH'ecta  of  a  lou-l  suiiiml 
IN  nuticiiHil'il.  iiri-  moi-o  (.'tV'Wtuftlly  iiincioratoil  than  when  it  dtriktia 
Mr  without  wuriiiiig.      It  is  probiibly  owin^  Ut  iin  imperfect  iiction 
!>«>•  luujH'li.'a,  tUiit  Hume  ptdtHoua  artt  liiiaf  to  gravo  ttouudi^,  wliilat  th<<y 
lily  IliNil'  tlif  liii>ri'  luiite. 
^    The  UW8  of  llie  Ti/mjtani'c  Cariltj  aw  rery  obTitnia.      One  of  iln 
■n   is  to  Totidor  the  vibnitioDS  of  tlio  membiune  qxiito  free;  Mid 
irr,  to  isoUt*)  the  chaJD  of  bon<?e,  in  sunh  ft  loaiiner  lus  to  prevent 
vilinitions  from  being  weakened  by  JilTusion  tlirongh  the  aarmiiiid- 
aliii  parts.      A*  to  the  objects   of  the    Eiitl'irhliin    Tub-:,  opinioim 
liDcn  muoli  divided.      Jinny  of  these  iipinioiiH,  hi>wcver,^-fluuh  b» 
<ww   most  coiiimonly  entei-tiiined,  that  it  servis  the  «inic  piirpoeu  tut 
hole  iu  an  onlinaiy  ilruni.  reiiiovitig  an  impediment  to  the  frw 
ioii  of  the  mcmlinine,  that  would  be  offorud  by  the  complete 
luttuv  uf  tlie  nil*  within, — nro  at  once  negatived  by  the  fnet,  which 
to  have  bec-n  demoustruted  by  Mr.  Toynbec,  that  the  guttural 
I!  of  the   tulie    ia   usmilly   clisal.   being    otdy  opened    during   the 
Bwallowing.t      The  principid   object   of  thu    Kuatachian   tube 
h  id  always  found  where  there  Ls  a  tymiianic  uivity)  seems  to  be, 
tanintenaiice   of  equilibrium   betn"eea   the   air  within  the  tympa- 
aod  the  external  air ;  so  aa  to  jirevent  inordinate  teuaiou  of  the 
brum  tympani,  wluch  would  be  produced  by  too  great  or  too  little 
on  either  side,  and  the  effect  of  which  would  hv  inijierfection  of 
It  also  has  the  office  of  convey  in  g-«  way  mucus  secreted  in  tho 
ly  tif  the  tym])iinHm,  by  means  of  the  vibratUe  cilia  which  clothe 
liii^  niembrunc;  and  the  (leafiie^  consequent  on   occlusion  of  tliia 
ia  iu  [lart  explicable  by  the  nccumulatioii  which  tliuu  hikes-[iiiM:e  ui 
o»vity. 

7H3.  From  what  has  been  stated,  it  is  evident  that  sonorous  uuduta- 
tiolu  in  the  air  will  i>e  propagated  to  the  tluid  ci:iutainecl  in  the  labyrinth, 
— through  the  tym[)aiium,  the  chain  of  bones,  and  the  meiiibnine  of  the 
Jinestnt  otydU  lo  which  tjie  stajwa  is  attached, ^ — -without  any  loss,  but 
nithi-T  an  increase:,  of  intensity.  Why  water  should  Vw  chosen  a.>"  the 
tnediuui  through  which  the  iiu|iressiuii  is  to  Vie  made  upon  the  nerve,  it 
b  ini]K><«ible  for  us  to  say  with  anything  like  certainty,  iu  our  present 
■(Kte  of  iguorauoe  aa  to  tho  physical  character  of  that  impression.     But 

■  Sm  Hr,  C.  Brooke  in  "  LaDMt,"  1S13,  p.  380;  anJ  Ur.  Toynbee  m  "Brit,  aoil  For. 
HaL-Cliir.  Ba<r.,"vDl.  u.  p.  23fi. 
t  Loo.  Mt..  Hul  "  Priiwedins"  «f  Boyid  SociBij,"  1852. 
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tbe  problem  being  to  communicato  to  wutt^r  the  sonomng  imiiulntions  nfj 
air,  the  exjieriiiienta!  ivaulto  iili'einly  Jctailed  satisfactorily  prove  tlint 
whilst  thlB  laay  be  accompliHhetl,  in  a  (iegree  sufficieiit  for  the  wiinfe  of 
the  inlerioi'  aiumiilB,  by  the  simpk   ioteipuKitJoii   of  n  ti-nse   monibraiie 
betwreeii  the  air  ami  the  fluid,— tlie  tympanic  a|j]>anittis  of  tbe  higher  , 
classes  ia  most  adiuirahly  mlajited  fur  this  purpose.     Tlu'  feuestra  ovHlis  ' 
is    uot,    however,    the    ouly   chiuiiiel    of    □ommiini cation     between    th« 
tympanum   and  the  labyrinth  ;   for  there  is  in  moat  animnlH,  a  aecoiid 
aperture,  the/eneaCm  T^unrfajcadinginto  thecocblca,  and  simply  covered 
with  A  membruiie.     It  Is  genci'ally  supjxised  that,  the  labyrinth  bung  ' 
tilled  with  a  nearly  incompressible  fluid,  this  socoud  apertmv  is  ueoe»iary 
to  allow  the  free  vibration  of  that  fluid;  the  membrane  of  the  fenestra 
rotmidfli  being   made    to    bulge-out.  an   that   of   the    tene«tni   ovuUb  ia 
pushed-in.     It  may  be  easily  shown  by  experiment,  liowever,  &a  well  aa 
by  reference  to   comparative    anatomy,   that  no  such  cotitrivanou   is 
necessary ;  for  sonorous  uudulatious  may  be  excited  in  a  uou-elastic  fluid, 
completely  inclosed  within  solid  walls  at  every  part,  eKoept  where  these 
are  replaced  by  the  membrane  through  which  the  vibrations  are  propa- 
gated ;   and  this  is  precisely  the  condition,  not  only  of   Invertebratod 
animals,  but  even  of  Frogs;  in  wliicli  last  a  tympanic  apparatiLS  t^xista,, 
without  a  aiscond  orifice  into  the  labyrinth.     Moreover  it  is  certain,  tliatj 
the  vibrations  of  the  air  in  tite  eavity  of  the  tyui(>anum,  must  uf  tb(^i-J 
selvBa  act  u|)OD  the  membrane  of  the  fenestra  rotunda;  and  this  is  per- 
haps the  most  direct   manner  in  which  the  fluid  in  the  cochlea  will  bfl| 
affected,  although  it  will  ultinifltely  be  thrown  into  much  more  ("iwcrful 
action,  by  the  transmission  of  vibrations  from  the  vestibule.     For  it  has  ' 
been  satiafjictorily  detenuinticl  by  exi>criment  (xu.),  that  vitiration»  aroJ 
triLiJsmitte<l  with  very  much  greater  intensity  to  wat^r,  when  a   t«tuo| 
membrane,  and  a  cluun  of  insulated  solid  bodies  capable  of  free  move-' 
ment,  are  successively  the  conducting  media,  than  when  the  medift  of  ] 
communication  between  the  vibrating  air  and  the  water  are  the  tame 
tense  membrane,  air,  ajid  a  isecond  membrane ; — or,  to  apply  this  ikct  In 
the  organ  of  hearing,  the  same  vibrations  of  the  air  act  upon  the  fluid  of 
the  labyrinth  with   much  gi-eater  intensity,  through  tlie  mirdiom  of  the 
ohiiiu  of  auditory  bones  and  the  fenestra  ovalia,  than  through  the  m«diuia 
of  the  air   of  the   tympanum  and  the  membittue  closing  the  feottm 
rotunda. — The  fenestra  rotunda  is  not  to  be  considered  ss  having  any 
peculiar  i-elation  with  the  cochlea;  since,  in  the  Turtle  tribe,  the  former 
exists  without  the  latter. 

784.  It  is  obviou.>ily  in  the  LrAyrirUlt  as  a  whole,  that  the  sonomiu 
vibi'ations  ai-e  brought  to  bear  upon  the  Auditory  nerve  epread-ont  i 
receive  them.      In  regard  to  the  sjiocial  functions  of  particular  parts  i 
the  labyrinth,  however,  no  certainty  can  lie  said  to  exist.     The  membwM 
which  lines  its  cafities  not  oidy  contains  a  liquid  (the  rttdo-li/inph).  but, 
is  also  se]»arated  from  the  osseous  wall  by  another  collection  of  liquid,  tin 
peri-li/iaph ;  so  that  it  is  snsjiendod,  tut  it  wore,  in  a  liquid  which  batJie 
both  its  surfaces.     In  the  cavity  of  the  Vestibule,  which  is  subdivided  h^ 
a  membranous  jjartition  into  two,  ore  found    small    masses  of  concrr-' 
tionary  particles,  collectively  named  otoconia  or  ear-powder;  thiwe  «» 
obviously  the  rudiments  of  the  ololkht,  or  ear-stones,  whose  pnwencc,  in 
animals  with  a  \em  jierfect  ambtniy  apparatus,  seems  neoiifnl  to  iuteniii 
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nndiitntioiig;  —  It  it  i-viiiiiiionly  aii|i|>OHwl  thiit  tln^  Sfmifimdnr  ChiuiIh 

fcvij  for  (lieir  iimmliiir  t'lmotinn,  t"  i-ewive  Hie  iniiirL'saioas  by  which 

(Ustinj^isli  thi<  tlinvli'm  at  sounda;  and  it  is  certainly  h  jx'iwBrliil 
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Vtrlioid  Sfl^lion  Dftbi'  Hniwtir  Ear,  Ihp  mtpnui^  |rortioD9  cin  an  ^Tilftr^Ewl  oobIp; — d,  b,  f,  «t- 
ln^ulfBT;  d,  cnlrmiiir  in  iimliLory  rjinHl,/';  i,  «.  nitre>iiA  nortii^a  nflFiDporml  lh>De  ;  ff,  mpm^ 
liTBBa  InvLHVni ;  It,  PBiilj  nl  tlic-  tyiii^armm,  rhr  thjiin  nf  Xmntrft  l>pin|f  r\'ltioyi'd  -,  i,  "(HmiDu^ 
OiVTi  lh»  iv^l;  tnlD  Ibp  rPll^.j,  f'li'Bm'i^l  in  (Zip  hnjnp^  od  Ihp  liJe  opp'sil'^  Ihn  nipiiiIiTaiik 
tj-tti|iMiii  w  v**it  Ili0  fpiifHirK  ovbIi^  »nJ  HiLuDdH ;  k.  1IiE6lJH<hiaii  tukx^ :  I,  VMiibuEe  i  m.  qrmi- 
cnolBT  c^ntlfl ;  *i  CDchLflt;  o,  HndJUirf  denoi  _p,  muL  for  i^&n>tid  uttrryi  q,  phrt  of^fvonjil 

jneut  in  tnipixirt  of  this  view,  tliat,  iu  almost  every  instance  in 
I'htch  lliese  pnrta  exiitt  at  tvlj,  tlicy  hold  the  samu  relative  jmsitionB 
I  in  Mim,  their  three  |ilanes  being  nearly  at  right  angles  to  una  unotlmr. 
Up  iilen,  liowever,  must  be  regarded  as  a  mere  speculation,  the  value  of 
which  cannot  be  decided  withont  nn  increased  knowledge  of  the  lawa 
according  to  which  sonorous  vibrations  are  trausinitteil ;  but  it  receives 
a  ceitain  degree  of  confirmation  from  tbo  curious  movements  witnessed 
31.  Flourens  after  section  of  one  or  other  of  these  canals  (J  531).— 
arding  the  special  function  of  the  Gocldea,  there  is  prt'cisely  the  same 
Qcertainty.  This  jmrt  of  the  organ  is  peculiar  in  one  respect,  that  the 
ftuaion  of  the  auditoiy  nerve  ia  here  spread-out  (within  the  lamina 
pijiilis)  in  closer  proximity  with  the  Ihjuo  itself,  than  it  is  in  any  other 
.  of  the  Uliyrinth ;  and  moreover  the  peri-lymph  ia  here  deficient,  so 
.  the  membranous  lining  of  the  cochlea  is  in  absolute  contact  with  its 
ous  wail.  It  is  not  easy  to  see,  however,  what  can  be  the  [leciiliar 
bj*ct  of  this  disposition  in  i-egard  to  the  function  of  hearing.  It  has 
.  aurmised  by  M.  Dugfa,  tliat  by  the  Uocbloa  we  are  eppecially  enabled 
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to  estimate  the  jiitvh  of  eiiunils,  partioularly  of  the  roico ;  and  he  Mddnecs, 
iu  sup|iort  of  tUia  idfSt,  the  fact,  tliat  the  derelopmeiit  of  the  ci>chlc!* 
lollows  a  very  similar  proportiou  with  tlie  compaaa  of  the  voiiwl  This  ia 
mut;h  the  greateiit  in  the  Miiinmaliii;  luas  iu  iiirda;  and  in  Rvptilea 
which  hiivu  Uttle  true  voail  jiowur,  the  cochlea  is  r«liieod  to  its  lowiial 
form,  ilLKuppettriiig  ontlrcly  iu  tlic  Amphibin.  That  there  should  be  au 
iicouatic  relBition  Letwecu  the  voice  uiid  ear  of  eacb  sjiecied  of  animal, 
ctiunut  be  regarded  na  imprubnble;  but  the  »|ie«iilatiou  of  M.  Dug^  can 
at  present  only  be  received  aa  a  stimulus  to  further  inquiiy. 

78.1.  Wo  have  now  to  coiiaiik-r  tho  functions  of  liie  ncoessory  paaTs, — 
the  Exleriml  Ear,  and  the  .Vviit'/ii.  Tbe  Cartilage  of  tlio  external  our 
may  propagate  sonorous  vibrations  iu  two  ways;  by  refleciion,  and  by 
c-onductioii,  In  reflection,  the  concha  is  thi!  moHt  important  [uirt,  aluoe 
it  directs  the  reflected  undulations  towards  the  tragus,  whence  they  are 
tlirowu  into  the  auditory  passage.  Tlie  other  iucfpialitioa  of  tlie  •utt^irtuU 
eiu*  cannot  promote  hearing  by  reflection ;  and  the  puqxisc  of  tlie  exUm- 
Bion  of  its  CArtilugu  is  evidently  to  receive  the  sonorous  vibrations  from 
the  air,  and  to  conduct  them  to  its  source  of  attacliment.  In  this  point 
of  view,  the  inor|uaIities  become  of  importance;  for  those  elevations  and 
depressions  upon  which  the  undulations  fall  perpteudicularly,  will  Iw 
afiected  by  them  in  the  most  int<<iise  degree ;  and  tn  consetjuenoe  of  the 
varieil  form  aud  [Kisition  of  these  inequalities,  sonorous  undulations,  in 
wlintcver  direction  they  may  come,  must  fall  advantageously  upon  somu 
of  them.^The  functions  of  tho  Meatus  appear  to  bo  thrtwfold.  The 
Bouorous  imdidations  entering  from  the  atmoajihcre  are  propagated  dirertly, 
without  diajH^rsion,  to  the  membmna  tympani :  the  sonorous  undulations 
received  on  the  external  etir,  are  conveyed  along  the  wails  of  the  meatus 
to  the  membrana  tyuqMmi:  whilst  the  air  which  it  contains,  like  all 
insulated  musses  of  air,  increaaua  the  intensity  of  sounds  by  resonHnc<e- 
That.  in  ordinary  liearing,  the  direct  transmission  of  atmospherit:  vibr*- 
tions  to  the  membi'ana  tympani,  is  the  principal  means  of  excitinji  tht! 
reciprocul  vibrations  of  the  latter,  is  sufficiently  evident;  the  uuduUtions 
which  directly  enter  the  passage,  will  poss  straight'on  to  the  membrwiF ; 
while  those  that  enter  oblitjuely  will  l>e  reflected  from  side  to  side,  and 
at  last  will  fall  obliquely  on  the  membrane,  thus  perhaps  contributing  to 
the  notion  of  direction.  The  jwwer  of  the  lining  of  the  meatus  to  con- 
duct sound  from  tho  externa!  ear,  is  made  evident  by  the  fact.,  tliat,  when 
Ixtth  ears  are  closely  stopped,  tbe  sound  of  a  pipe  having  its  lower  extrn- 
niity  covered  by  a  membrane,  is  heard  more  distinctly  when  it  is  apulinl 
to  the  ciirtilagiiof  the  external  ear  itself,  than  when  it  is  placed  in  cimtart 
with  the  surface  of  tbe  head.  The  resonant  action  of  tlia  air  in  the  tube 
is  easily  demonstrated,  by  lengthening  the  pisaage  by  the  iutrodiifv 
tion  of  another  tube ;  the  intensity  of  external  sounds,  luid  also  that 
of  the  individual's  own  voice,  as  heard  by  himself,  is  then  Ukuoh  b- 
creased. 

78fi.  Many  facts  prove,  however,  that  the  fluid  of  the  Labyriitth  ran*' 
be  thi'owii  into  vihration  in  otiicr  ways  tlian  by  the  Tympanic  ap]iAnitns. 
Thus  iu  Osseous  Fislica,  it  is  only  by  the  vibrations  transmittal  through 
the  bones  of  the  heud,  that  hearing  can  take  place.  There  arc  nnny 
persons,  again,  who  can  distinctly  hear  sounds  which  are  thiw  tnuui- 
niittol  to  them;  idthough,  through  some  inijierfection   of  the  tnoj^nic 
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ftpporatns.  they  arc  almost  insensiblu  to  those  which  they  receive  ia  the 
mtiinaiy  way.  It  is  evident,  where  this  ia  the  case,  tliat  the  nuiTi^  must 
be  in  a  statt-  fully  capahle  of  fiinGtional  activity;  aud,  on  the  other  hand, 
■where  sounds  cannot  thus  Iw  jxirceived,  thuro  will  be  good  reason  to 
believe  thiLt  the  nerve  is  diseaHecI. 

787.  A  single  inijralae  coiuinunioited  to  the  Auditory  nerve,  in  any  of 
the  foregoing  modes,  aueius  to  he  auflicient  to  excite  the  momentary  seii- 
BatioQ  of  aoiind:  but  most  fi'efjuently  a  series  of  such  imijulaes  is  co  Deemed, 
there  lioin^  but  few  sounds  which  do  not  jiaitake,  is  a  greater  or  less 
degree,  of  the  character  of  a  Unie.     Any  continuous  sound  or  tone  is  de- 
pendent upon  a  auccesaion  of  impulses;  and  its  acuteness  or  depth  is 
governed  by  the  rapirlity  with  which  these  succeed  one  another.     It  is 
not  difficult  to  ascertain  by  experiment,  what  number  of  such  impiJacs  or 
undulations  are  required,  to  give  every  tone  which  the  oar  can  appreciate. 
Thus,  if  a  circular  plate,  with  a  nunilwr  of  aperturea  at  regular  intervals, 
be  made  to  revolve  over  the  top  of  a  pipe  tlu-ough   which   air   is   pro- 
pelled, a  aucceasioii  of  abort  p>iff»  will  be  allowetl  to  issue  tr()ni  this ;  and, 
if  the  revolution  be  sufficiently  rajjiil,  these  inipulaoa  will  unite  iiito  u 
definite  tone.      In  the  same  manner,  if  a  spring  he  fixed  neju-  the  edge  of 
a  revolving  toothed  wheel,  in  such  a  manner  as  to  be  caught  by  every 
tooth  as  it  passes,  a  succession  of  clicks  will  be  lieord;  and  these  too,  if 
the  revolution  of  the  wheel  lie  sufficiently  rapid,  will  produce  a  tone. 
The  number  of  ajwrtures  in  the  plate  which  pass  the  orifice  of  the  pipe  in 
a  given  time,  or  the  number  of  teeth  wliich  pass  the  spring,  being  known, 
it  is  easy  to  see  that  tlils  nnist  be  the  number  of  impulses  required  to 
[nvduce  the  given  tone,      B^h  impulse  produces  a  double  vihrntton,  fbr- 
trards  and  backwards  (as  seen  when  a  atriog  is    put   in  vibration,  by 
pulling  it  out  of  the  straight  line) ;  hence  the  number  of  single  vibrationa 
is  always  double  that  of  the  impulsua. — The  maximimi  and  minimum 
of  the  intervals  of  successive  pulses,  atUI  appreciable  by  the  ear  its  deter- 
minate HOimda,  have  also  been  determined  by  M.   i^vurt,   more   satis- 
factorily and  more  accurately  than  had  previously  l)cen  done.      If  their 
intensity  be  great,  sounds  am  still  audible  which  result  from  the  succes- 
sion of  24,000  impulses  in  a  second ;  and  this,  proViabJy.  is  not  the  extreme 
limit  to  the  acuteneas  of  sounds  perceptible  l.iy  the  oar.     From  some  ob- 
aervations  of  Dr.  WoUaston's,  it  seems  probable  that  the  ears  of  difleren  t 
indivijuala  are  diffiM-ently  constituted  in  this  respect;  some  not  being 
able  to  hear  very  acute  tones  produced  by  Insects,  or  even  Birds,  which 
are  distinctly  audible  to  others.      Agaui,  the  sound  resulting  from  16 
impulses  per  eccond,  is  not,  as  has  been  usually  supposed,  the  lowest  ap- 
preciable note;  on  the  contrary,  M.  Savart  has  sucaseded  in  rendering 
tones  diatinguisliable,  which  are  firoduced  by  only  7  or  8  impulsoa  iu  a 
second;  and  continuous  sounds  of  a  still  deeper  tone  coidd  be  heard.  If 
the  individual  pulses  were  sufficiently  pi-olonged.      In  regard,  however, 
to  the  precise  time  during  which  a  sonorous  impression  remains  upon  the 
ear,  it  ia  difficult  to  procure  exact  information,  since  it  departs  more 
gradually  than  do  viaual  impresMons  from  the  eye.     This  ia  certain, 
however, — that  it  is  much  longer  than  the  interval  between  the  succea- 
Bive  [lulses  in  the  production  of  tones;  since  it  was  found  by  BI.  Savart, 
that  one  or  even  several  teetli  might  be  renioved  from  the  toothed  wlieel, 
without  a  perceptible  break  in  its  sound, — showing  that,  when  the  tono 
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w&s  once  cstnliliahed,  tile  impresBion  of  it  roniaine'l  during  an  iDtcrmiaion 
(if  aoiue  length. 

7M.  TLc  power  of  distiuguiahing  the  ilirfHion  of  sounds  appears  to  I>e. 
in  Man  at  least,  tor  th(i  most  jxut  acquired  by  b&bit;  for  it  is  Bowe  time 
before  the  in&nt  Buenu)  to  know  anything  of  the  direction  of  noises  wliicli 
attract  his  att«atioa.     Our  judgment  us  to  tliia  point  is  prolHtbly  assisted, 
in  most  cases,  by  a  ilifl'ei'ODce  in  the  intensity  of  the  seiiNktions  received 
through  the  twfi  ears  respiclivply ;  but  since  we  have  a  certain  power  of 
appreciating  dirt'Ctinn  when  "ue  ear  alone  ia  used,  this  power  must  de- 
pend npon  an  exerciso  of  pcreeptive  discriniinnliou  (which  is  probably 
acijuired.  nithur  tlian  intuitive,)  in  regard  to  the  imjiressious  whii-h   wo 
remiive  tlii-oug)i  its  iiiLiinii ;  and  it  has  Ijee.n  alreu^ly  mentioned,  that  the 
Seiiiicin^ixlur  canals   (§  T8'I)   ajipear  to   furnish  the   instruiiieiilidity  by 
which  our  minds  are  enabled  to  take  eognizaaee  of  Bueh  ditfeiiinee*. — 
The  idea  of  the  ilislanc:  "f  the  sonorous  body  is  another  acquired  |)erirep- 
tion,  dejundiug  priucijMdly  u])on  tliu  loudness  or  fnintneas  of  the  soiuid, ! 
when  we  have  no  other  in<lications  to  guide  us.     In  this  respect  ther«  is^ 
a  great  similarity  between  the  perception  of  the  distance  o(  on  objoct,J 
tbrungh  the  Eye  by  its  size,  and  through  the  Ear  by  the  intensity  of  itaj 
sound.      Wlien  we  arc  acquainted  with  the  usual  intensity  of  its  soiiud. 
we  can  judge  of  its  distance ;  and  vice  verg/1,  when  we  know  its  distance, 
we  can  at  once  form  an  idea  of  ita  real  strength  of  tone  from  that  with 
which  our  ears  are  impressed.     In  this  manner,  the  mind  may  lie  afieel'tl 
with  corresiwnding  deceptions  through  both  senses :  for  as,  in  the  I'lian-  . 
tamiRgoria,  the  liguiv  being  gradually  diminished  whilst   its    distance  i 
remains  tlic  same,  it  appeal's  to  the  spectators  to  receile  (the  illusion  being  J 
more  complete  if  its  brightness  be  at  the  same  time  diminished);  so  the 
eliect  of  a  distant  full  nuUtary  band  gradually  approaching,  may  bo  alike 
given  by  a  corresponding  r^reHceiidii  of  concealed  instnunent«.      It  is  upon 
the  com]dete  imitation  of  the  conditions  which  govern  our  ideas  of  tlie 
intensity  and  direction,  as  well  as  of  the  character,  of  sounds,  that  the 
deceptions  of  the  Ventrdor|ilist  are  founded. 

7B9,  Tlie  Auditory  sense,  like  the  visual,  may  vary  considerably  among^ 
diiterent  individuals,  both  as  regards  its  general  acut«neas,  and  as  rcapect« 
its  discrimbative  jMjwer  for  particular  classes  of  impressions.     Jluci  de- 1 
pends  ufxiB  the  /kiJiU  fifaltefUion  to  its  indications;  and  thus  it  corneal 
pass,  that  the  jwwer  of  hearing  very  fiiint  sounds  and  of  recognizing  their  5 
Krone,  becomes  augmented  to  a  wonderfid  degree  in  thoHi:  individuals 
who  are  obliged  to  trust  to  the  knowledge  thus  acquired  for  the  dirertiim  | 
of  their  own  actions;   whilst,  \u  like  manner,  Uie  ]K>werof  distiugni*hinij| 
slight  ditt'ei'onccs  in  the  jiitch  of  somids,  may  be  so  cidtivnted  (when; 
b  not  uongenitidly  delieient)  aa  to  attain  an  intensity  that  seems  very 
extraordiuaiy  to  those  who  have  not  accuskimed  tliemselres  to  listen  iait 
them.     The  general  cidtivation  of  this  sense  ia  {lerhaps  most  niiuAriaihlc 
in  blind  [HTSons,  who  have  enabled  themselves,  by  rtdiance  upon  it,  towdlt-l 
about  freely,  even  in  the  crowded  thoivughlkresof  the  Metropolis;  »idwti4 
are  not  only  able  to  judge  of  the  habitsof  indlviduiLls  whom  they  most,  byl 
thesoiiudof  their  footsteps  (at  once  recognizing,  for  instance,  the  footstep c 
a  policeman  on  duty),  butcaneveii  tell  when  they  are  passing  a stationaiT] 
object  (such  as  a  lamp-jjost),  providt-d  it  bo  as  lugh  as  the  e«r  or  MBfiy' 
BO.  by  the  reverberation  of  the  soimd  of  their  own  footsteps,  and  can 
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rimiiuito  between  n  luinji^jioBt  aiul  a  niniistATidiiig-atill  iii  tlie  political 

ftftir,  l>y  tUe  annie  mmins,*     Thet'lToct  of  habitiuil attention  in  incrmainj! 

'  discriminiilivc  p'>wiT  for  iinpiisaions  of  one  jiftrticiiilai-  kind,  in  [icc- 

t|M  litst  seen  in  the  ability  wliieh  la  jioMiMSL'd  l)y  ciirtBiia  Comlucloi-a  of 

hoslra!  pL-rt'orniaiices,  to  (lcl*i:t  tilt'  islightest  dojiarture  iVoui  ttine  or 

ae  in  tUi*  soinid  of  uny  one  of  (jierhiips)  a  liunihv-d  instniaienta  tliiit 

siumltaufoiislj-  aomiding,  and  to  fix  without  hesitation   iijion   the 

]ty  instrumcntiiliat. — ThiTe  seems  Ui  l>e  it  great  analogy  lietween  the 

Tor  of  (listinj^iwhiiig  coluurg,  ami  that  of  diseritniiiatioB  imisicai  (oufg ; 

B<l  whilst  we  liiid  thitt  soiue  iiersons  are  eudowud  witii  I)ie  lattoi-j  which 

I  oimmouly  known  as  a  '  uiu»ie-.il  ear,'  in  a  degree  that  rcndei'H  it  a  aourvo 

great  di^eomfort  to  them  (dineo  every  dii^cordant  sound  is  a  jioeitive 

ot),  others  are  altogether  destitute  of  it, — thii  delieiency  being  very 

Jof^ovs  to  the  '  colour-blindnesa'  formerly  described  (5  770).    It  is  not 

I  litlto  curious,  that  the  two  defects  ore  occaaioniUly  co-C]dsteiit  in  the 

te  indi  vidua  U-f 

^me  fiicta  of  much  interest  havo  lately  been  aacei'tidDed,  in 

',  to  An   oocaffloual  difference  in  the   rapidity  of  the  perception  of 

impressions,   rewiivod  thi-ough  the    Eye   Riid   through   the   liii' 

ctdrely.     Those  fiiats  vie  the   result   of  eomfmi'isiina  niude  QDioii^t 

nt  Astronoiuii-ad  olisei'vi'rs,  who  may  he  watching  the  aanio  visual 

iiou,  and  'timing'  their  ol  jeer  vat  ions  by  theBanio  clock  ;  for  it  bae 

.  remarked,  that  some  persons  sec   the  aamu  occurrence,   a   tliiril  or 

I  B  half  ofa  second  ouHiVr  than  others.  There  is  no  reason  to  BQp|xise 

[>m  this,  however,  that  there  is  any  difference  in  the  rate  of  trans- 

iiion  of  the  sensory  impreaaiona  in  the  two  nerves.     The  fact  seeiiis 

Ither  to  be,  that  the  Sonaonum  doc-a  not  readily  perceive  two  iniprisssions 

different  kinds  with  ci;|ual  distinctaess ;  and  that,  when  several  cucli 

ons  are  made  on  thn  senses  at  the  same  time,  the  mind  takes 

nee  of  one  only,  or  [wrceivcs  them  in  succession.  When,  therefore, 

th  sight  and  hearing  are  directetl  simulUineonsly  to  two  objects,   the 

umtnnnicfition  of  the  un|iressioii  throngh  one  sense  will  neeessarily  ]ire- 

lie  that  made  by   the  other.     The  interval  between  the  two  sensations 

»ter  in  some  porsons  than  in  others  ;  for  some  can  receive  and  be 

ons  of  many  impressions,  aeeiningly  at  l)ie  same  moment;  whilst 

a  ]terce]Aible  space  must  ela[»e.     The  'jKTSonal  equation'  of 

[observer  in  an  Observatory,  has,  therefore,  to  be  determined  and 

fed -for. 

7'Jl.  Amongst  other  important  offices  of  the  sense  of  Hearing,  is  tliat 

supptving  the  sensations  by  which  the  Voice  is  regiilate-l.      It  is  well 

3irii   that  those  who  are   bom   entirely  de^,  are  also  dumb;  that  is, 

bey  do  not  siiontaneously  or  imitativcly  form  articulat*  sminda,  though 

1  Jill!  least  defect  may  csist  in  their  organs  of  voice.    Henee  it  appears 

|ibe  vocal  muscles  are  usually  guided  in  their  action  by  the  sensations 

through  the  Ears,  in  the  same  manner  as  other  muscles  are 

aided  by  the  sensations  received  through  themnolves;  but  when  the 

mr  are  deficient,  tho  action  of  the  voual  musclea  may  be  guided  by 

he  latter  (§  543). 

*  Sn;  i\K  *Tiiutit  uF  a  Ulinil  Iwot-laro-solltr  given  liy  Mr.  H.  Mnybew,  in  faJB  "  London 
■t»nr  auil  Llie  L.nul'in  I'iKir,"  vul,  i.  \,.  40*2. 
t  Ser  »  culUotioii  iiF  EUuL  uU3C»  l>y  Dr.  I'liuy  Kih-Jf,  lu   "  Atuer.  Jonrn.  of  Med.  Sci.," 

xrf. 
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OF    MUSCULAR     MOVEMENTS. 


1.    Voluntary  and  Involuntary  MovemeTiil. 

702.  By  iar  the  larger  jjroportion  of  the  Miiscular  upporatua  of  tlie 
Hmiian  Body,  may  be  couaiilered  in  the  light  of  an  iuatnimfnt  wliereby 
tlie  Nervous  Systt'ni  ia  enabled  to  give  motion  to  it3  parts,  and  thus  to 
efiect  tliOHi^  changes  in  its  relation  to  the  exteriial  world,  ivhieh  bju 
i-equiaitu  for  its  jihysical  w(;ll-lM;ing,  or  which  are  the  exprensioDS  of  its 
psypbical  powprs.  Theii;  ia  prolnihly  nn  [lart  of  the  MiiMnilar  syBtein, 
which  is  altogflther  Iwycmd  the  pale  of  NervoHS  Bgency:  but  a  tolerably- 
delinite  line  of  deniarcatiou  insy  he  drawn,  both  structunilly  and  ftine- 
tioually,  between  the  two  primary  subdivisioua  of  this  system :  in  the 
liiat  of  which,  the  Muscular  apparaUig  nf  Organic  Life,  thfi  actions  are 
but  little  dependent  upon  nL-rvous  agency;  whilst  iii  the  second,  the 
Miigfiiliir  njipnratns  of  AniiiiaJ.  Life,  scarcely  any  aetiou  takes-plnce, 
but  what  is  called-forth  by  nerve-force. — Tho  FirH  group  consists  of 
Uie  Miutculur  enveloitea  which  surround  the  various  open  cavities  of  the 
body,  and  which  form  |>art  of  it»  general  investment ;  its  office  being  M 
aid  in  the  performance  of  tlie  Organic  fimctiona,  by  giving  motion  lo 
the  content*)  of  the  cavities,  or  by  maintaining  a  proper  state  of  tension 
around  them  ;  and  it  ia  cimiposed  almost  entirely  of  the  nuu-ttriatrd  or 
miwotli  form  of  muscular  fibre  (Prikc.  or  Gem.  Pkyb.),  the  only  marked 
exception  being  in  the  caao  of  the  Heart.  Under  this  category  mnic 
the  proper  muscular  coat  of  the  alimentary  canal,  from  its  oomracnce- 
ment  in  the  oes<iphngua  to  its  termination  at  the  anus ;  the  iiiu^^inthir 
coats  of  the  gland-<lucti4  which  discharge  themselves  into  this;  tb(?  mus- 
cular tibrea  of  the  trachea  and  bronchial  tubes ;  the  mtiscidar  mbsUinoe 
of  the  heart,  and  the  muscular  coats  of  the  blood-vessels  and  abaorhenta 
generally;  tlie  miLtcular  walls  of  the  ureters,  bladder,  urethra,  and  vas» 
dcferentia  in  the  male,  and  of  the  uretors,  bladder,  uretlira.  fallopian 
tulies,  uterus,  and  vagina  of  the  female ;  and  finally,  the  niusoular  imb- 
Btance  of  the  skin.  With  regard  to  nearly  all  these  parts,  which  ai*  sup- 
plied with  nei-ves  (for  the  most  part)  by  the  Sympathetic  (Chap,  xv.)  ntbi^ 
than  by  tho  Cerebro-spinal  system,  it  is  difficult  to  obtain  evidence  that 
Nervous  agency  has  any  |>articipation  in  their  usual  operations;  and  nil 
the  evidence  yet  a<lduced  tends  only  to  show,  that  contnictiona  Ttuty  t« 
excited  through  this  instrimien tali ty,  no(  that  they  hal/UimJli/  are  no; 
their  ordinary  contractions  being  produced  either  by  their  o\ni  motility 
(5  2-12),  or  by  stimuli  directly  applied  to  themselves. — Tlie  ^iconml  of  tho 
above-named  divisions  consists  of  all  those  Muscles  which  art'  uitnally 
styled  'voluntary,'  since  they  can  lie  put  or  retained  in  action  by  the 
mandates  of  tho  Will,  through  the  instrumentality  of  the  Cerebi 
sj-ntera  of  nerves ;  but  besides  these,  it  inchidea  a  lai^'  group  of  nii 
(those,  namely,  that  are  concerned  in  tlie  acts  of  Deglutition,  RivpiimtloD, 
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Foinituig,  Parturition,  Defcmtion,  and  tTrinfttion),  over  ■wLicL  Uiti  Will 

Is  ouly  a  pATtial  control,  their  itctivity   beiug   usually   culltil   fiirtli 

tttomatiaLlly.     It  would  seem  na  if  this  gi'oup  were  plot-oj  uuiler  tlio 

I  coadidoiis.  as  regards  their  depeudoneo   on   Nervous  agency,  with 

I  more  pro|ierly  ttnueit  voKintary,  iii  online  that  the  Will,  whieli  is 

grtiier  i>owerless  over  the  Musculiu-  apparatus  of  Oipmic  Life,  uiay 

■iug  their  operations  into  harmony  with  the  general  roquirumenta  of 

I  «]rvtein ;  the  functione  iti  >|u<.«<tioa  l>eiiig  those  n'hicli  eonatitutc  (su 

1  ipmk)  the  meoting-points  between  the  Orgiiniu  and  the  Aiiimal  life. 

Iflr  iw  wo  descend  through  the  Zoologicftl  soUe,  we  tiud  that  they  lose 

|iin'ui)d  more  of  the  chariieter  they  possess  in  Mau,  becoming  more  mid 

aru  exclusively  automatic,   and   at  hist   being  evou   tmuafeiTed  from 

more  elaborate  meeluiaism  of  muscular  contraction,  to  the  simpla 

ilioii  of  ciliaiy  vibration,*     Nearly  iJi  those  muscha  in  the  Human 

xly,  which  are  onlinorily  called  into  action  by  the  Cranio-Spiiwl  nerves, 

'  etiui]  wjipd  of  sCriiilfd  hbre ;  the  moat  reroiirkable  exception  being  the 

cidiir  stnieture  of  the   Iris.      And  it  ia  pcouliarly  cbaracteristjc  of 

Pill,  that  whilst  forcihle  and  luiited  coutraotjoua  of  all  the  fijsciculi  at 

Bpr,  arc  called-forth  by  irritating  their  nerves,  the   effect   of  direct 

ilniilatiou  is  limited  to  the  fasciculus  inHtnted. 

793,  It  b  obvious  from  what  has  pivceded,  that  the  system  of  clasai- 
ing  the  Muscles  under  the  categoi-ies  of  voluntary  and  ini'oluiUary, 
iiuit  be  consistently  maintained.  It  is  f^yaX/6  true  that  all  the  Muscles 
Or^iiic  Life  maybe  truly  atyied  'involuntary;'  for  although  they 
akjiable  of  being  influenced  hy  emotional  and  ideational  stales  of 
(}  829),  yet  the  Will  cannot  exei-t  any  direct  influence  upon 
only  affecting  them  indirectly  by  its  power  of  determining  these 
But  over  those  Mnacles,  also  ministering  to  the  Organic  func- 
and  doing  ao  in  obedience  to  impubea  purely  automatic,  which 
eall«d  into  action  by  the  Cranio-Spinal  nerves,  the  Will,  as  we 
seen,  exerts  some  power;  and  such,  therefore,  cannot  be  projierly 
d«d  as  involuntary,  since  the  Will  can  influence  their  state ;  whilst 
'  vn  far  frwm  being  truly  voluntary,  ainee  the  Will  cannot  control 
tendency  to  automatic  action  beyond  a  certain  limited  amount 
1 302).  On  tlie  other  hand,  every  one  of  the  Muscles  usually  styled 
iluiitary,  because  ordinarily  called  into  action  by  tlio  Will,  is  liable  to 
I  llirowTi  into  action  invohmtarily;  either  by  an  Excito-motor  stimidna, 
in  tetanic  cotivulsions,  or  by  Consensual  action,  aa  in  tickling,  or 
tianally,  as  iu  laughter  or  rage,  or  simply  Ideationally,  as  in  som- 
nhulism  and  analogous  states.  '  Hence  although  there  are  certain 
upB  of  muscles  which  ai-e  more  frequently  acted-ou  by  the  WUl  than 
any  other  impidse,  and  certain  others  which  are  more  frequently 
tyed'On  by  the  Emotiojia,  and  so-on,  it  becomes  obviou-i  that  every 
d«  called  into  contraction  by  the  Cranio-Spinal  nervous  system,  ia 
ble  of  receiving  its  stimulus  to  movement  frn^m  any  of  these 
the  nerve-force  transmitted  along  the  motor-fibres,  being 
eiUier  from  the  Spinal  Cord,  from  the  Sensoiy  Ganglia,  or  from 

,*  Tbn*  in  Ibe  Oyat«t  nod  otlier  Biralre  MuUasks,  which  have  a  coiopllr'ated  lii^tive, 
olASiiig,  u]d  rea|biraU)rj  npparatBB,  food  ia  brought  tu  the  month,  fiecal  mj^ttem  rue 
JIc<)  fri'ui  dig  iLuug,  sud  a  cmuluit  curreatDf  witltir  a  waAe  Ui  sweep  over  the  Rdl>in- 
•  tazftat,  oilirelj  by  dliar;  motiua. 
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the  Cerebrum,  as  the  case  may  l)e,  but  being  in  its  nahirc  ami  efiects 
the  wune  iu  every  iiistiince. 

794.  The  grouping  or  comhinatiou  of  Muscular  acliona,  which  takes 
placu  iu  (dmoat  every  movement  of  one  j'art  of  the  body  upon  another, 
nuat  be  attributed,  not  to  any  peculiur  symputliy  among  the  Muscles 
theinHelvea,  but  to  tlie  mode  in  which  they  ai-e  aettdnju  by  the  Nervtma 
Centres.  This  ia  most  obviously  the  case  with  rtgai-d  to  those  of  tho 
pi-imai-ily-automatic  class;  but  it  can  scarcely  be  doubtful  aa  to  thoeo 
of  the  aecondarily^autoniatic  kind  (§  yl4),  anch  aa  walking,  which, 
though  at  first  directed  by  the  Will,  eorae  by  habit  to  be  performed 
under  conditions  easentially  the  aarao  with  the  precfding ;  and  when  it 
is  borne  in  mind  that  even  iu  Totimtaiy  movements  the  Will  cannot 
single-out  any  one  musole  from  the  group  with  which  it  uanally  co- 
ojierates,  so  aa  to  throw  this  into  separate  contraction,  but  is  limited  to 
determining  the  result  (§  545),  it  seeiiia  pretty  obvious  that  even  here 
the  grouping  is  eft(jct«d  by  tho  endowments  of  those  Automatic,  cvntres 
from  which  all  the  motor  imjiulses  iramudiately  proceed  to  the  muaclo, 
and  not  liy  Coiiihral  agency.  Fn  fact,  the  whole  process  by  which  we 
ncijuiro  tho  power  of  nilopting  our  muacular  netlons  to  the  pcrlbrmance 
of  some  new  kind  of  movement, — aa  in  tlie  case  of  an  iiifiint  leamiiig  to 
walk,  II  child  learning  to  write,  an  artiiian  learning  some  occupation 
which  requires  nice  manipulation,  a  miisical  performer  leaniing  a  new 
inatnunent,  and  so  on, — is  found,  when  attentively  studied,  to  indimtu 
that  the  Will  is  fer  from  having  lliat  direct  and  immediate  control  over 
the  conti'actions  of  the  Muscles,  which  it  \a  commonly  reputwl  to 
possess;  and  that  tho  operation  really  consists  iu  the  gradual  i^tjibliali- 
ment  of  a  new  grouping  of  the  separate  actions,  in  virtue  of  which,  the 
stimulus  of  a  Volitional  determination,  acting  imder  tho  guidance  of 
the  muscular  sensations  (§641),  henceforth  calls  into  contraction  the 
group  of  mnaclea  whoae  agency  ia  competent  to  carry  that  determina- 
tion into  effect.  For  however  amenable  aiiy  set  of  muscles  (as  those  of 
the  arm  and  hand)  may  have  become  to  the  direction  of  the  Will,  in 
any  ojwnitions  which  they  have  boeu  previously  accustomed  to  porforra, 
it  is  only  after  considerable  practice  that  they  can  be  trained  to  any 
method  of  combined  action  which  Li  entii-ely  new  to  them;  njxd  eren 
if  we  attempt  to  bring  our  anatomical  knowledge  into  use  for  such  a 
purpose,  by  mentidly  fixing  upon  certain  muacles  whose  action  wc  wish 
to  intensity  and  to  associate  with  those  of  others,  we  find  that  such  a 
method  of  proceeding  aflbrda  no  aaaistance  whatever,  but  ratlier  tends 
to  impede  our  progress,  by  drawing-iitf  the  attention  ti-om  the  'guiding 
BPJisationH'  (visual,  muacular,  Jtc.),  which  are  the  only  regulati>r?  that 
con  bo  dependwl-upon  for  determining  the  due  jwrfonuance  of  the 
volitional  mandate, — ^Hence  we  are  led  by  those  considerations,  as  by 
tliose  stated  in  the  preceding  [>aragraph,  to  the  conclusion,  that  the 
agency  which  directly  ufiects  tho  muscles  ia  of  the  same  kind,  and 
that  it  operates  under  the  same  iustrumentid  conditions,  what<-"ver  bo 
the  primal  source  of  the  motor  power.  And  in  watching  the  gnultud 
acquirement  of  the  cajiarity  for  different  kinds  of  movement,  dutintf 
the  periods  of  Infiuioy  and  Childliood  in  the  Human  sulyect,  we  find 
eveiything  t«"i  confirm  this  concluHion.  For  it  becomes  ubvioim  that  the 
ftcquii-cmcnt  of  Vrilunlary  jMjwer  over  the  movemeuta  of  the  UmU,  is 
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Jii»l  03  it  is  oviT  tliu  direction  of  tbc  thoiighlJi  (^  llTT) ;  ull  iha 

tlie  bfiilif,  M  well  us  of  tLe  miitd,  being  in   llii;  lirst  iuiitimcv 

i>iuiitio ;  »inl  tbe  Will  jirofn-esaively  eitendiug  its  doniiniitioii  over  tlie 

mcr,  M  over  lie  liittor,  until  it  brings  under  ita  control  all  tliose  miia- 

»r  Diocunieiite  wliich  are  not  imiocdiatnly  requinitl  for  the  couservatioii 

I  iKNiy,  and  turos  them  to  its  own  uaea.* 


3.  Of  the  Symmfiry  niul  na/mwny  of  S^tiaeula/r  MtrmtnenU. 

oS.  It  migUt  hftvc  Ueim  not  Tinreaaonably  suppouod,  d  priori,  that 

uiUB-ili-s  would  liHve  been  most  readily  put  into  siiuultanuoua  con- 

i-Liun,  wliieh  con-eajmnd  to  each  other  ou  tbo  two  aides  of  the  liody ;  in 

worda,  tliiit  aifmriuiriciii  movemonta  would  Uti  those  moat  reiulily 

lied.     Sucli.  however,  b  by  no  lucaur^  the  ciisc;  for  in  niuny  of  oiii' 

uili&r  Bctiona,  wo  conscutiiuuously  exert  dilFei-ent  muscles  on  thu 

eidea  of  the  body.     Thiifl,  in  ordinary  walking,  we  nilvanco  one  lt'({ 

iUt  we  |iiiah-biickwards  (so  as  to  urge  the  body  torwAvds)  with   thu 

Miar;   mid  in  the  swinging  of  the  arms,  which  is  in  meet  pei-Bons  a 

ktumi  piirt  of  this  mode  of  locomotion,  the  orina  of  the  two  sides  move 

rirnrds  and  backwarda  alternately,  and  the  arm   of  either   aide  is 

3*aii[<e<),  not  with  the  log  of  its  own  aide,  but  with  that  of  thu  opposite 

Idn, — :iny  oth^r  combination  being  felt  as  unnatural,  and  being  only 

rrfi>riu'_-<l  by  a  conscious  effort     Now  it  is  plain  that  thia  grouping  of 

bi)  rnoHcular  movements  ariaes  out  of  its  /eli  conformity  to  the  end  in 

ii-w,  and  that  it  is  regidatcd  by  the  guiding  seu'^tions  which  indicate  to 

1  the  progression  and  Ijalanco  of  the  body.     The  infant,  in  learning  to 

It,  is  prompted  by  an  instinctive  tendency  to  put  one  foot  bofoi-e  the 

,  aa  may  be  noticed  at  a  very  early  period,  when  it  is  first  held  so  aa 

1  feel  the  ground  with  its  feet ;  and  in  attempting  to  balance  itself  when 

lof^  ti)  stand  alone,  it  moves  its  arms  with  a  like  intuitive  impulse, 

bafled  upon  eijierience.      All  that  experience  does,  in  cither  ease,  is 

•  give  that  preciac  adjustment  to  the  miiscidar  action,  which  makes  it 

ctly  conformable  to  the  indications  aflbnled  by  the  muscular  aenaa- 

DDS.     Tlius,  if  we  advance  each  arm  with  ita  corresponding  leg,  we  feel 

the  balance  of  the  body  is  not  nearly  aa  readily  maintained,  as  it  is 

OQ  we  advance  the  arm  with  the  leg  of  the  opposite  side ;  and  thus, 

fcillioul  any  design  or  voluntary  detenuinatiou  on  our  own  parts,  the 

nor  ooines  to  be  our  settled  habit  of  action.     This  kind  of  adjustment, 

L*  f^  ^tiluile  which  in  noqatred  by  pmctioe,  foi  the  jierfonaanw  of  cortitiii  ocUons  that 

t  At  first  JtovimpLi^Led  with  diiHrqHy,  Heenu  to  i^siilt  i^  imich  Trum  u  aLniutiiriLl  ohiuige 

I  the  OQntTDn'vl  rejHjtiiJoD  of  them  ucoiBiuna  in  the  MubcIu,  ika  in  thu  hnbit  whiul^  the 

ntyniaOi  aoqaires  of  exciting  the  muTCmflDt.      Thus  aJiDDflt  every  person  JciLni leg  to 

'  00  A  moaifol  iDStniiD6iit,  fiTids  a  ditliculty  in  cAuaing  the  two  iiharter  finpi'ra  b)  movQ 

ndeDlijr  of  encb  otlior  uDil  of  tins  TOKt ;   this  is  iinrciculatlj  the  Que  io  rt^rd  to  Che 

g-£n^(T.     Any  one  nay  mtjirj  himself  of  the  difficulty,  liy  laying  the  pnlrii  of  the  lu'uiil 

lirii  %  t*lJ^  And  mi^Qg  one  finger  »fter  the  other,  when  it  will  he  found,  thi\t  the  Tiag- 

wr  mtt  scarcely  btf  lifteiJ  withunt  disturbing  the  ro^t, — cvidcittiy  from  the  difficulty  o( 

cbing  the  action  of  the  [k^rtiurn  cif  the  r^rUiiAur  eommuiiiti  ili'jiTorum^  by  which  Lh« 

Dent  a  ytvlaarl,  fnjm  thut  ■>{  llie  renuiiiider  uf  the  muscle.      Yet  to  the  pmttiacd 

iaa,  the  eumm-wd  i-if  the  Will  over  [Jl  the  lingera  tunimcs  nearly  nlik?;    und  it 

I  ttsrrcly  lie  donbt'>l  that  a>me  change  in  the  iftractiii'U  of  tho  nauAcli:,  or  n  new  deve- 

pi&ent  of  JtA  nervo'fibrct),  takeij  fiacc.  which  fnronrs  lljc  iacduted  iijivr.itiou  of  ita  BCvend 

*u<i<'[id. 
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iu  tbe  case  bcioif  uh,  ia  by  no  meaim  limited  tn  tbe  muscles  of  tlic  limbs; 
for  there  is  sosu'cely  any  muscle  of  the  tnuik  or  bend,  tbat  is  iiot  exert*<l 
witli  some  degree  of  coiiBentiineous  energy,  however  imconscioiialy  to  our- 
seU'i-s,  ill  tbe  acl  of  walkiug.  Tbe  difficulty  which  would  uttend  the 
voluntary  liaraiouization  of  all  these  separat*  actions,  ia  remarkably 
evinced  by  tbe  fiict,  that  no  mechanist,  however  ingeuioua,  lias  ever 
Bucceedi-Hl  iu  coustnicting  an  automaton  that  should  toalJc  like  Alan ; 
the  alternate  shifting  of  the  centre  of  gravity  from  one  side  to  the  other, 
upo^  so  siiiiill  a  bij.%  lut  the  human  foot  afforda,  Eimultaneously  'n~ith  tlie 
moveiueut  in  Hjlviuice,  couatitutiiig  tht'  great  difficulty  of  biped  pro- 
grcatiiou.  But  Jill  thia  acljustineut  is  effected  in  our  own  organising, 
for  us,  ratlier  thau  l><j  ua ;  the  act  of  hiirnioniTation.,  wlien  once  folly 
miLstered,  being  attended  with  no  effort  to  ourselves;  but  the  whole  series  . 
of  complex  moveineuta  being  performed  in  olMnlience  to  the  simple  deler- 
mination  lo  walk,  under  the  automatic  guidance  of  the  senses,  which 
iuatautly  reveal  to  us  any  imperfection  in  the  performance. — The  same 
view  extends  itself  readily  to  other  eombinations  of  dissimilar  and  non- 
Bymuietricul  movemcnta.  which  are  leaa  naturid  to  Man,  but  which  may 
bo  readily  acquired  oniifinatl;!  if  they  all  harmonize  ia  a  common  pur- 
pose, and  are  under  tlie  guidance  of  the  same  set  of  sensations.  Thus, 
the  ]H?rtbnner  on  the  Organ  uses  the  several  lingers  of  Ids  two  hands  to 
eicecuto  HS  many  different  movements  (in  very  different  positions,  it  may 
be)  on  the  '  inaniiuJ'  keys,  one  of  his  feut  may  be  on  the  'swell'  pedal, 
and  the  other  miiy  be  engaged  in  playiiij!  on  the  'pedal'  keys;  but  all 
these  divoi-ae  actions  are  hariuouiKed  by  their  relation  to  the  same  set  of 
auditory  isenttatious;  ami  if  the  result  be  not  that  which  the  perfarmer 
antici{iated,  au  immediate  correction  is  made. 

T&O.  It  wotdd  be  easy  to  undtiply  instaucea  of  the  aime  kind,  all  iUus- 
trative  of  the  general  principle,  that  the  tVicility  witli  wliich  we  volun- 
tai-ily  combine  diflereiit  niovemeuts  is  chielly  detennined,  not  by  their 
tymiiietricdl  clianicter,  hut  by  their  confuniiaUcjifta  to  a  ctmuiUfn  etui,  and 
by  the  /larmoiu/  of  Ikeir  (/iiiiUnt/  aeiiMitutrts  with  reference  to  that  end;' 
but  it  will  be  desirable  to  dwell  particularly  on  the  ituuemieiiU  of  the  Eye, 
as  presenting  certain  points  of  peculiar  interest,  some  of  whiuh  haTe  an 
important  bearing  on  Surgical  practice.— It  will  bo  recollected  that,  ia 
the  Human  Orbit,  sis  niuscles  for  the  miivemenls  of  the  eyeball  are 
found;  the  four  Recti,  and  the  two  Oblique  muscles.  Tbe  precise 
actions  of  these  are  not  easily  eatAblishcd  by  ex|)erinicnt  on  the  lower 
animals;  for  in  all  those  which  onlinarily  maintain  the  horiziint*!  posi- 
tion, there  is  an  adilitional  museje,  termed  the  retractor,  which  enibrsMs 
the  whole  posterior  portion  of  the  globe,  and  pLsees- backwards  to  Im 


I 


*  Two  sini[ile  oianiplcn,  huwi^ver,  may  lie  citC'l,  of  thv  difli<:ult;  irhidi  aUond*  lb* 
■imnlUuwona  pcrruruinni'e  of  Diuvmut^nU  ili»t  nre  not  hnrmDnioiu,  If  wc  Ulempt  Id  glciata 
one  oysliil  wbiUt  wt  are  dcpnuaiuii  ibe  other,  we  fiu4  thiil  a  eoniidtTBlile  effort  ii  runinl 
to  acfORi|ilisli  the  uuliun,  althijugb  tljo  elemtiuo  ur  ilvfireuiiDi  iif  IkjUi  uyvliiU  In^itbc  >* 
lierfunucd  vitlj  su  little  efi'urt  Umt  wf  itq  icareely  eiioKiaui  of  it;  and  ths  difficBln  it 
increueil  if  we  bulf-sbnt  b'ltb  ejca.  oTjd  ibeu  trj  t<>  close  una  and  In  Dp8a  tlio  olhar,  ft> 
if  WB  tiy  lo  moTB  our  t»o  buDdn,  m  if  thi!j  wore  nimvltantavjig  iriDduig  oord  ia  njifiwiw 
dirrriwiu  npun  two  reda  jilnc^il  in  front  of  ob,  wa  tbail  find  oiuwlvee  unable  lo  do  ■> 
withimt  a  cuDBtjiut  exorvise  of  Iho  atteotion,  and  etsa  tiita  but  tloirljwid  wilb  iliAkalIJi 
akbougb  tbe  very  Eiunc  movementa  niaj  be  utrpftrntrtif  purfonncd,  or  both  hindf  BW  ht 
(uadc  that  lo  move  in  the  name  dirtaien,  witb  tbe  greatest  fjicUity. 
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U>  the  bottom  of  tlie  orbit,*  If  the  origin  and  inset-tioii  of  tha 
^Rrrti  niosctcs  be  examined,  however,  no  doubt  can  remain  tliut  eafJi 
tiictn.  acting  singly,  is  capnble  of  causing  tliP  globe  to  revolve  in  iw 
dinvtion, — tbe  superior  rectus  causing  the  pujiil  to  turn  upwards, 
-U»e  intciiial  rectus  causing  it  lo  roll  towards  the  nose,— and  ao  on. 
,  wry  easy  and  direct  apjilication  of  the  lnwa  of  iucoh«iiira  will  fiirtLer 
■  it  evideut  to  us,  tlwt  tbe  ombiaod  aotiou  of  any  two  of  the  Recti 
elta  must  came  the  pupil  to  turn  in  a  direcliou  iutermediiite  between 
be  linoa  of  their  single  tutioD ;  &nd  tliut  ani/  intermediate  imsition  may 
I  given  to  the  eyeboU  by  these  musclce  alone.  This  likct,  whicU 
.  received  the  attention  it  deserves,  leads  us  to  j>erceiTe  that  tha 
'juo  mufcles  JiiKft  have  some  aiippiementoiy  fuuctiou.  It  may  be 
tliat  this  is  a  tiieoretical  atottment  only;  and  that  there  may  be 
||>ractical  obstacle  to  the  performance  of  dioj^nal  movemeula  by  the 
I  muscles,  which  renders  the  assi^itHsce  of  the  Obliques  esseutiai  fur 
ii*  [nirpose.  But  to  this  it  may  lie  replied,  that  no  sim/fe  niusele  can 
tlic  bull  either  downwards  and  innai-da,  or  upwai-ds  and  outwai'ds ; 
tlint,  as  we  have  good  reason  to  believe  llicM  movements  to  lie 
by  the  combination  of  the  Keeti  museles,  there  is  no  reason  l^lly 
otlirr  diagonal  movements  should  not  also  be  duo  to  theni-^Tbu 
',  probuble  account  of  the  functions  of  the  Oblique  muscles  of  tJio  eye, 
to  be  that  which  was  long  ago  suggested  by  John  Hunter,  and 
thinh  hiia  received  ooDlirmation  from  the  fxperiments  of  Dr.  G.  Johnson-f 
It  bwi  Ixicn  just  shown  that  the  action  of  the  Keeti  musi^les  upon  the 
ii|>il,  is  such  aa  to  cause  it  to  receive  in  any  given  direction :  and  this  is 
ut  in  force,  not  merely  to  alter  tlie  range  of  vision,  the  bead  remaining 
but  also  to  keei>  the  ituigc  of  vision  the  same,  and  tu  cause 
igea  of  the  objects  upon  which  our  gnze  is  Gxed,  still  to  fall  upon 
I  suno  parts  of  the  retina,  by  maintaining  tiie  position  of  the  eyes 
beii  the  head  ia  moved  upwiirds,  downwards,  from  side  to  aide,  or  in  any 
ateniieiUatf  dii"ection  (§  54C).  JJut  these  muscles  ore  not  able  to  rolat« 
be  eyeball  npon  its  antero-posterior  axis ;  and  such  rotation  is  manifestly 
ary  to  preserve  the  fixed  position  of  the  eyeball,  and  consequently 
'  keep  the  image  of  the  object  under  survey  upon  the  same  part  of  the 
iia,  when  the  head  is  inclined  sideways,  or  is  bowed  towards  one 
ider  and  then  towai'ds  the  other.  Itapjiears  from  the  experiments  of 
r.Ci.Juluiaon,  that  the  action  of  the  Oblique  muscles  ia  exactly  adapted  to 
Juoe  such  a  rotation :  the  Inferior  oblique,  in  its  contraction,  causing 
eyeball  to  move  upon  its  antero-posteiior  axis,  in  such  a  maimer 
\t  a  piece  of  paper,  placed  at  tbe  outer  niai'gin  of  the  cornea,  passes 

*  This  mnKle  is  nioiit  lievdopeil  in  Bmnioittiag  animsis,  vbich.  faring  their  whole 
lime  of  feeding,  carry  their  heads  in  ti  dependent  positiuu.  Id  Pioet  ('arniviiniiia  snimjilii, 
iniU^  (jf  tLb  complete  hr^Uow  mascalaT  cone  (the  bate  incltuiing  Lhu  ejeb^tl,  whilst  the 
^ifli  KurTDUDdfl  the  optic  dutg),  which  we  find  in  the  RuniinbOt^  there  iltc  foor  distinr-t 
■bripa,  klmost  reBemUing  a  Ncond  set  of  recti  moEicIea,  but  deep-sested,  and  inserW  into 
Uw  psMcrior  iaMcad  of  the  ulterior  pdTtion  of  tlia  globe.  It  >»  ubviuDe  that  the  acliocii  of 
tfaaae  ipiut  srnll;  affect  the  results  of  my  operations  which  we  mit;  [>tif(>rni  upuD  tbe 
Mher  nnHlu  of  the  Orbit ;  and,  as  it  is  impossible  to  divide  the  former,  without  (vm- 
pltltfly  aepaiTLtdng  (he  eye  frum  its  attachmenla,  we  have  do  meaaa  of  eorrceting  tiiich 
reiulti,  hut  b;  renEoniae  alone.  Kxperimenti  apao  uumale  of  the  order  QundruiuaBs, 
moat  noirlj  allied  to  MaD,  would  be  mure  ratiebctoiy;  an  in  thent,  the  retractor  mmde 
ia  aliDoat  or  entirely  absent. 

t  "  C]r<tlap)»tia  of  Anatomy  and  Physiology,"  vol.  iii.  p.  700. 
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downwiirda  anil  thou  inwar<Is  tuwarda  the  nose ;  niid  tbi?  Superior 
olilii[iiB  L'tleotiiig  [irecisely  the  reverse  action,  tho  pa]ier  at  the  oabei 
margin  of  the  eomea  paa^ng  first  upwards  and  then  inwaj-ds.  There 
was  not  the  slighteal  appearance,  iu  thea^  experiiuentA,  of  ulevation, 
depression,  abduction,  or  adduction,  of  the  cornea,  as  a  result  of  the 
action  of  tlio  Oblique  museles ;  all  these  inoveuenta  being  attributable  to 
the  Recti  alone,* 

737.  Un  Htudying  tlie  Voluntniy  tnoTeraente  of  the  Eyeballs,  we  m* 
led  to  perceive  that  they  are  not  so  much  symmeCriaal  as  haniumioim ; 
that  iii  to  say,  the  coTTeapoiiding  muscles  on  the  two  sides  are  rarely  is 
action  at  once;  whilst  such  u  harmony  or  ao7imrU  exLsta  between  the 
iictiona  of  the  miuKles  of  the  two  orbits,  that  they  work  to  one  common 
purposp,  nuinely,  the  dii'eetion  of  both  eyta  towiu'ds  the  I'cqiiired  objttct. 
They  may  be  aiTanged  under  two  groups ;  the  tirst  compriMag  those 
which  lire  aliie  harmonious  and  symmetrical ;  the  second  including  tliosc 
wbich  are  harmonious  but  not  aymmctrioal.  To  the  JirH  group  belong 
tho  following. — I,  BotK  eyeballs  are  deoaltd,  by  tho  contraction  of  the 
two  Superior  Recti. — 2.  Bulk  eyebnlls  are  f/epramed,  by  the  conjoint 
action  of  the  Inferior  Recti  muaclea. — 3.  JSolh  are  drawn  directly  intcanL, 
or  (rtipan/d  and  doumvmrds,  ns  when  we  look  at  an  object  placed  on  or 
near  the  nose ;  this  movement  is  effeet^  by  the  action  of  the  Int^nial 
Recti  of  the  two  aides,  with  orwithout  the  Inferior  Recti.  It  is  evidently 
svTumetrical.  but  might  seem  at  (trst  sight  not  to  be  hiirmoniouA,  becnuac 
the  eyes  do  not  move  together  towiirrla  one  aide  or  the  other ;  it  is,  how- 
ever, rcitlly  hai'mouioua,  since  it  directs  their  axes  towards  the  sftme 
point. t — Now  it  is  to  be  observed,  with  regard  to  these  movements,  that 
we  can  never  effect  them  in  aiitiigoniam  with  each  other,  or  with  those 
(if  other  muscles.  We  cannot,  for  example,  raise  one  eye  and  depreea  the 
other ;  nor  can  we  raise  or  depress  one  eye,  when  wo  adduct  or  ubdnol 
the  other.     The  explanation  of  this  wiil  be  found  in  the  fiict,  thut  wti  can 

never,  by  so  iloing,  direct  the  eye«  to  the  same  point The  barmouioas 

but  unsymmetric-al  movements,  forming  the  needful  class,  are  thoae  in 
which  the  Internal  and  External  Recti  of  tho  two  sides  are  mad«  to  act 
together,  either  alone,  or  in  conjunction  with  the  Superior  and  Inf<Tior 
Recti.  T licy are  a»  follows. — t.  Onn  eye  is  made  to  rBvolvedirectlviniortrrf*, 
by  the  action  of  its  Internal  Rectus,  whilst  llie  ot/ier  is  turned  oulioarili 
by  the  action  of  its  External  Rectus.-— 5.  One  eye  Is  made  to  revolvB 
vpwtifi/^  and  inwards,  by  the  conjoint  action  of  the  Superior  and  Internal 

*  Tho  Author  bna  bean  informed  by  Ha  fritmil  Mr.  Buitiniui,  that  be  lias  met  nitii  two 
CAAet^  of  Juuble  vii^ion,  La  wbiub  tbe  defKit  vjtE  not  espt^rieucvd  wbun  Uiv  bcttd  waa  hdi 
L'reot  iir  tumeil  upon  ite  Tirrliral  iLxi^  bat  ^ulir  v-'hcu  it  vn^  tucliucKl  to  tiie  one  ftbtiiUdif  tr 
thv  athcr.  Socb  ■  pecDlinrit;  ia  reulily  cij'luinijil  un  tlio  sbnio  bfpitbusis,  b;  tin  n^^ 
tdtiiiu  tLut  une  or  biitb  uf  the  Obli<|ue  miucliai  of  one  efuwu  piualjn),  •Dthat  tbi  nuraal 
rotdtiiiu  vas  not  ptirionucd  oa  thnt  Hide. 

t  SoMTO  |ier*'UB  can  uflocl  tliia  volunlarily  lo  a  grwler  silent  than  otbets;  bol  vtv 
tbcn,  tbtj  CUD  ualy  nf-mmpllsh  it  bj  filing  tbe  gozf  upon  aume  bbjei^  Htoalcd  tvtaMn  Un 
eyui :  nud  cHiiDut  call  t!io  ndilurtur  murvlea  intu  oiimliined  sction  in  peiivnt  dkrkoa^  or  if 
lbs  lidt  l>o  rluBod.  Even  ihuse  wlm  bnve  the  tesHl  power  of  cHtwtiiig  tbis  extmoc  «>i- 
'orj^eucK  by  at  once  dirGcling  tbu  ejes  tnwuda  a  rery  aaii  object,  cui  aaumplUh  it  bj 
[ot^iug  at  iLD  object  pbui''!  nt  a  modoratti  diatana^  nud  gmitmilEy  bringing  tbis  nMnrtotb* 
ooac,  k*K]Htt^  tbi:  eytft  HttiihliJ;  £i«l  upon  it.  Tbi.'  imnronl^d  i:lidnKtof  of  lUe  mvTvaittt  ii 
flbowii  i]>  tliiA. — thnt  it  i^a  imly  bn  nmuitikliitMl,  even  for  a  abort  tinic^  by  %  fltroitf  iAvl, 
piuJuL-iiig  n  tennv  of  tktiLfue. 
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i;  Ihe  olh/T,  iijiirunla  lUii)  uulvMrdu,  by  tbo  uoDJoiiit  oatiou  of  tlio 
or  and  Kxternal  litctl — G,   Oiie  eyo  U  made  to  revolve  Jownwardil 
tiuntifU,  liy  tlie  conjoiut  ac-tion  of  tlie  Inferior  and   lutei-ual   Recti ; 
r,  iluxmitairtU  nail  oiitwarils,  Ity  Uie  oonjnint  action  of  tlie  Inferior 
(tcruol    Jtpeti. — In   theee  movements,  lico   different  inuspies,  llie 
ul  luid  lulvnial  Kecli,  lire  calk-d  into  action  on  the  two  sides,  with 
'  witboiit  ihe  aujieriur  and  iuleriur  Recti;   but  tbey  are  bo   cEnployed 
till'  f  lurjHii^e  of  liiivcting  tL^  axes  of  the  eyeK  towards  the  mivw  [loint ; 
td  AJliiiiugli,  aa  just   noticed,  we  can   put  the  two  Internal   Recti  iu 
liigi-tlier,  wo  eannot  vohintarily  cause  the  two  External  Recti  to 
Iiigethvr,  it  not  being  possible  tliat  any  object  should  he  in  such 
Iiiosilir.in  ad  to  require  thia  action  for  the  direction  of  the  ajcee  of  the 
towards  it. 
'  7yW-  The  greater  number  of  the  foregoing  toovements  may  be  per- 
lawt   unconaoionsly  to  oui-selves,  in  obetlioace  to  a  Volnutary  deter- 
liliAtlon  Ut  keep  the  dircctioji  of  the  eyis  fixed,  instead  of  to  give  motion 
I  thr  eyeballa,      Thiis,  if  we  gaze  steadily  at  an  object  ill  front  of  us. 
then  depress  the  heaii  forwards  on  its  transverse  axis,  tlio  eyeballa 
ill  upwards  upon  their  tniuaversc  axes  (1)  by  the  action  of  the  Superior 
li,  Krithout  our  being  aware  of  it :  so  if,  whibt  still  niiiiatainiug  the 
I  fixed  gaze,  we  raise  the  head  into  the  vertical  position  and  then 
.  it  luLckwards,  the  eyeballs  are  rolled  downwards  [2)  by  the  action 
'ilw    Inferior   Recti;    if,   under   the  same    conditions,  the    hciul    lie 
to  rotate  on  its  vertical  axis  from  aide  to  eide,  the  eyeballs  wilt 
innile  to  roll  on  their  vertitad  axes  in  the  contrary  direction,  by  the 
tcmiJ  andInicrnalRecti(4)  of  the  two  sides  i-esjiectivelyiBO,  by  eanalng 
\tri  beml  to  move  obliquely  in  tiie  o|ipoaite  dii-ectioiis,  the  reverse  oblique 
ovemeats  (5  and  0)  of  the  eyelnlls  ai*  iua<;le  to  take-phice  liy  the  con- 
Bueii  fixation  of  the  vision  upon  the  same  object.      To  these  wo  have  to 
Id  out;  more  action,  which  cannot  be  called-fnrth   in  any  other  mode; 
kmely,  that  rotation  of  the  two  eyes  upon  their  antero-poaterior  axes, 
bich  lakes-place  probably  by  the  iiistrunientality  of  the  Oblitjue  musclea, 
iwo  incline  the  head  to  one  side  or  the  other  by  rotating  it  upon  its 
ll«ro~po9terior  axis  (§  796).     In  all  these  movements,  as  in  the  pre- 
the  Will  dii-ects  the  result;  and  there  is  no  other  difference  be- 
en tliem,  than  that  which  arises  out  of  our  consciousness  of  a  change 
.  the  one  case,  and  our  unconsciousness  in  the  other. — The  truly  Invo- 
ntAry  wovements  of  the  eyeballs,  however,  are  peri'ormcd  nuder  very 
TcrcBt  conditions;  there  being  here  no  purjioaivo  direction  or  fixation 
^r  the  gaze;    aud  the  muacular  contractions  not  being  detei-mined  by 
ristiid  Bcuaations,  but  lieing  calleil-forth  by  nerve-force  excited  in  some 
r('niotc  jinrt.      Of  this  we  have  an  example  in  the  normal  revolution  of 
Ijofh  eyes  upwarib  and  inwards,  which  takes-place  in  the  acts  of  cough- 
ing, siifs;zing,   wiidsiug,  itc;  but  far  more  remarkable   illustrations  are 
pre^nt^l  in  those  abnormal  movenienta  of  the  eyeballs,  occurring  iu 
^Bonviilsive  diseases,  in  which  there  is  neither  harmony  nor  pjtnmetry. 
V  79!t.  It  has  been  stated  to  be  a  condition  of  single  and  distinct  vision, 
tlittt  the  usual  axes  of  the  eyes  ahoidd  be  directed  towards  the  object,  in 
ofler  tliat  its  picture  should  be  thrown  upon  the  partt  of  the  two  retinni 
wbif^h  are  accunluiiird  to  act  together  (§  7GI)) ;  but  as  this  catuiot  take- 
without  the  guidance  of  visual  sensations,  tlie  movements  of  the 
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eyeballs  are  WHnting  in  hiinnony,  whenever  the  visiial  power  has  bees. 
deficient  Eroin  birth.  This  is  most  i-emiirkably  the  raise,  wlicro  tha' 
ileticieney  has  beta  so  comjiiete  that  not  even  light  nui  l>e  diatinguished ; 
but  the  movetuents  are  frequently  very  far  fi'cini  being  lianijouious,  ia 
coses  of  congeuital  ctitaract,  where  a  considerable  amount  of  light  ia 
evidently  admitted,  but  where  no  distinct  image  ean  he  formed ;  and  in 
such  cases,  the  movements  are  must  harmonious  where  the  object  is 
bright  or  Uiniiiious,  and  more  vivid  imjiressions  are  therefore  made  uj>on 
the  retiuiE.  It  in  no  objeetinn  to  this  doctrine  to  say,  that  persons  who 
have  iiecoiiM  blind  may  wtiU  move  their  eyes  in  a  harmonious  manner ; 
lunoe,  the  habit  of  the  association  of  particular  movements  having  lieen 
once  iicquii'ed,  the  guidmice  of  the  muAcles  may  \hi  elfeeted  by  sensations 
derived  from  themselves,  in  the  manner  in  which  it  lakes-place  in  the 
l&ryngeal  niovemeuts  of  the  deaf  and  ilumb  (§  5i'2) ;  and,  aa  n  matter  of 
feet,  a  want  of  consent  may  often  be  oliserved  whei*  the  blindness  ia 
total.  The  pecmliar  '  vacant'  apfiearanee,  which  may  be  noticed  in  the 
count-enances  of  i^rsons  completely  deprived  of  sight  by  amaurotic  or 
other  affections,  wlui-h  do  not  alter  the  external  asfHWt  of  the  eyes,  seema 
to  result  ftnin  this, — that  their  axes  are  /xirn/W,  as  if  the  individual  were 
looking  into  distant  space,  instead  of  presenting  that  sli^'ht  couvci'geuce 
which  must  always  exist  between  them,  when  the  eyes  are  fixed  upon  a 
definite  object.  This  convergence,  wliich  is  of  course  regidated  by  tha 
Internal  Recti,  variea  in  degree  according  to  the  distance  of  the  object;' 
and  it  is  astonislung  how  minute  an  alteration  in  the  axes  of  the  eyes  be- 
comes jierceptiblc  to  a  person  observing  theiu.  For  instance,  A  sr«s  tho 
eyes  of  B  dii-ected  towards  his  fece,  but  he  ]>erceive8  that  B  is  not  hoJeinf 
at  him ;  he  knows  this  by  a  sort  of  intuitive  interpretation  of  the  fiict, 
that  his  fiice  is  not  the  point  of  convergence  of  B's  eyes.  But  if  B,  who 
might  have  been  previously  looking  at  something  nearer  or  more  rpmot« 
than  A's  face,  fix  Ids  gaze  upon  the  latter,  fio  that  the  degree  of  the  oon- 
vergence  of  the  axes  is  altereil.  without  the  general  direction  of  tlie  eyes 
being  in  the  least  nffecte<l,  the  change  in  at  once  perceived  by  the  penon  to 
regarded ;  and  the  fyen  of  the  two  then  mctt. — It  ia  an  interesting  ccnfino- 
ation  of  the  principles  here  advocated,  that  when  binocular  vision  cannot 
be  obtained  by  directing  the  true  axes  of  the  eyes  towards  the  object,  at 
happi;nH  when  an  opaque  spot  exists  upon  the  centre  of  the  eomea,  or  an 
artificial  pupil  lias  bi«n  formed  at  tlio  margin  of  the  iris,  there  is  sn 
autiomatic  tendency  to  the  ueutraliattion  of  the  mischief,  by  eiieh  tn 
action  of  the  muscles  as  shall  turn  the  i-irtval  axis  of  the  aifccted  eye 
(that  is,  the  axis  in  which  the  rays  most  directly  enter  the  gli>be)  lowuiis 
the  object,  thus  proihicing  Strabirtiuus,  but  not  Double  Vision. 

800.  Tlie  physiological  principles  which  have  now  been  stated,  hft< 
an  impoi-tant  ajipbcation  in  the  ti'ealment  of  Sinibigmiit  by  ojieration ; 
pi'aotice  whose  frequent  want  of  success  is  due  in  great  part  tu  thff 
injudicious  selection  of  cases,  and  to  the  wrong  nieasiu'ta  pursued. — Thi 
degree  in  which  habit  accuatoms  parts  of  the  i-etinie  that  did  not  origi- 
nally correapond,  to  work-together  harmoniously,  is  remurkKbly  shewn 
by  the  fact,  that  patients  who  have  been  long  affected  with  Convergent 
Strabismic,  and  who  see  equally  well  with  both  eyea  (as  niiinr  do),  sie 
not  troubled  with  double  vision.  On  the  other  hand,  when  a  person 
whose  eyes  look  straight  before  him,  is  tlie  subject  of  a.  disorder  which 
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on  their  motions  in  any  degree  irregular,  Le  is  at  once  affected  with 

ahlit  vision.     The  rame  han  been  frequently  noticed  oa  an  immediate 

alt  of  the  sacce^ful  opi'mtion  for  the  cure  of  Stmbbmus,  where  vision 

IgooJ  in  liotli  eyes;  for  although  the  images  were  previously  formed  on 

nf  the  retime  which  were  very  far  from  correapouding  with  ench 

or,  yet  no  sooner  ia  the  position  of  the  eyea  rectified  (ao  that  the 

ttion  between  the  Mtuation  of  the  images  ia  the  same  as  it  would  be 

I  m  sound  eye),  than  the  patient  sees  double.      Now  in  these  coses  the 

~9itilty  very  speedily  diuiioislies,  aud  the  patient  soon   lejtmii  to   see 

gl*.      That  there  is  a  greafer  tendency  to  consent  between  the  images, 

trover,  when  they  are  formed  ujwn  the  pai'ts  of  the  two  I'otinie  which 

aajly  correspond,  may  be  freely  ailinitted ;  and  this  seems  to  be  a 

iDci[)le  of  some  imjiortance  in  dctpni lining  the  re-ailjuatment  of  the 

I,  aft«r  the  operation  for  Strabismus.      This  re-adjustnu-nt  is  not 

ays  immediate;  for  afl«r  the  muscle  has  l>eeD  freely  dinded.  the  eye 

rvDinins  somewhat  iiivci-ted  for  a  few  days,  yraduully  acquiring  its 

Ugbt  position.      The  Author  has  known  one  cose,  in  wliicli.  after  such 

of  temporary  inversion  as  eeemcd  to  render  the  aiiecees  of  the 

ktiin  very  doubtful,  eversion  actually  took-place  for  a  short  time  to 

nnsiderable  extent ;  after  which  the  axos  became  parallel,  und  have 

aed  so  ever  since. — Another  argument  derivable  from  the  resiUts  of 

tliou,  in  favour  of  the  consensual  movement  being  chiefly  rcgii- 

1  by  the  correspondence  in  the  seats  of  the  impressions  on  the  two 

B.  is,  that  it  ia  much  morn  succeasftd  in  those  cases  in  which  the 

lit  «f  the  most  displaced  eye  is  good,  than  iu  tboaii  in  which  (as  not 

■juently  happens  from  long  disuse)  it  is  much  impaired.      In  oases  of 

iter  class,  the  cure  is  seldom  complete." 

Ia  reftaeni.-K  \i'  Ihh  siibjfWt,  Ihe  Author  vonlJ  wld  thnt  \ie  is  well  cuaiinced,  Etdio 

obMTTAtion,  Uk.'it  Unffib  SitrgeoDH  orfl  in  the  right,  whet  have  taiiiDtaiae^  that,  iu  a 

pTDportiriD  of  CMEB,  StnihiBiHiia  ia  caused  hj  an  HfTeclion  of  bulh  eeie  (if  runscles  or 

I,  uid  nut  of  sua  anlj  ;  aud  thnt  it  than  requires,  Iot  its  perfect  core,  the  Jiviidon  of 

eumaiKindinfi  muidea  oa  both  riilea.     CsMs  will  Iw  fiequsat)]r  met-niUi.  iu  whieli  thin 

li  rniWnt ;  the  two  efes  beicg  eoiiiloycd  to  Deorlj  the  eame  flUt^iit,  and  the  iiatieot  giving 

Id  twill  «  slight  inmird  direofeon,  when  desired  to  look  stmight-forwardB.      In  general, 

liVMTer,  •ran  eje  nsnally  tcjkH  atmiRht-forwnrds,  whilst  the  other  is  prntly  inverleil ;  tuiii 

Ika  Bght  I't  tliB  inyorte.1  cje  ia  freiiuirpitlj  ttfTerttil  li.  u  r.iusiilcriihlL'  licp™  hy  disuet:  no 

Utati  when  the  patient  Toluntarily  rotHteb  it  upoa  it^  propter  axis,  his  visioa  with  it  ia  far 

fron  b«in^  dischiot.     Some  SnrgeonE  hare  maintained,  that  the  inverted  eye  ia  nanally 

I    Ikt  osl;  one  is  fault,  aud  coaeider  that  the  diviKion  of  the  tendon  of  iU  Internal  Rsctiig  ia 

HlElcjent  for  the  cure.     They  would  even  ilivide  itn  nther  lemtuva,  if  the  parallelism  ba 

^M  rentured,  rather  than  touch  the  other  eye.     The  AulJior  ia  himself  satisfieil,  huwuier, 

^HMri^  TVlrictioD  of  the  abnormal  state  to  a  t^ingle  eye,  in  the  eiceptitja,  and  not  the 

^^^^^Kall  but  v«7  flight  eiuufl  of  Strabiajaus ;  and  Ur  thin  opinion  he  is  led,  both  by  the 

^^PHEvtiiin  of  the  mode  to  which  iitniliiBinns  first  takea-pluce,  and  by  the  rraulls  of  the 

^^^alioiu  wlilch  have  coma  noder  his  notice.      If  llio  eycn  of  an  Infant  nSected  with 

PK*ti'*3  dloenK  be  wakhed,  there  will  freituantly  be  olwerTed  in  them  very  irreeulor 

'  aDVeDleata;  the  aiea  of  the  two  l>eing  aomeUoies  extremely  caniergent,  and  then  very 

intSBBt.     This  irregDlarity  Lb  rarely  or  uerat  seen  to  be  confined  to  one  eye.     Now,  in  a 

of  caaea  of  8trubi?mu«,  the  malady  in  a  couseqaeuce  of  some  c^reliisl 

iniiuicj  or  childhood,  which  we  a\a  !<..'iiri'clj  nujipoee  to  have  affected  one 

AfWD,  in  other  jtiatances  we  find  the  StniLifiuius  to  have  resulted  &oai  the 

t  <lirectiun  uf  the  eyei  to  Ycr;  near  objects,  aa  in  short-aighted  panioua ;  and  here, 

tlis  rnune  manifestly  aifects  both. — Now  it  ia  easy  to  understand  why  one  eye  of  tho 

it  thiiuld  "ppniT  to  he  in  if^  natural  poaitjon,  whilst  the  other  is  greatly  inverted. 

caiue  {if  Strabismus  usually  AffectA  the  two  eyes  somewhat  unuqiiHlly,  si^  that  one  ia 

^h    more  ioTerted  than  the  other.     We  nill  vatl   the  least  invertod  eye  A,  and  the 
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3.  Energy  a/tul  Rapidity  of  Utiectiiar  Conlraclion. 

801,  The  energy  of  MuaoiUar  oootraotion  is  of  course  to  be  most  remark- 
ably obsorveil,  in  tliosp  insUincea  in  which  the  continiinl  exemsp  of  pnrti- 
oulir  jMTts  Iins  uoiiH^ioued  an  inci'Cflsetl  dutcnni nation  of  blood  towards 
them,  imd  in  con»eqiieiicu  b  jxirmftueut  iiicreaae  of  their  bu]k  (§  344  ill). 
TliiH  hiis  been  the  cuae  fur  cxaiuplf,  with  [x^raous  who  bave  gainnl 
their  livelihood  by  exhihiting  feats  of  atmigtk  Much  will,  of  county 
dt'jiond  on  the  uiechaiiietiUy-iulvaiitiigeoiis  n.j)j<licati<iu  of  uiUHauloi'  power; 
and  in  thin  niminer,  uHbcta  may  be  jHixliiecd,  even  by  [icraond  of  ordiiuur 
strength,  which  would  not  have  been  thought  ci"ciUble.  In  lifling  a 
heavy  weight  in  each  hand,  for  exampUi,  a  jwrson  who  kee[e  hia  back 
perfectly  rigid,  so  an  ti>  tlirow  the  pressure  vertically  upon  the  jwlvis,  anil 
only  uses  the  puwerful  extensors  of  the  thigh  and  calf,  by  straigbt«DiDg 
the  knees  (previously  somewhat  flexed),  and  bringing  the  leg  to  a  rij;ht 
angle  with  the  foot,  will  have  a  great  advnnta^e  over  one  who  umb  Im 
lumliar  muscles  for  the  purfiose.  A  etill  gruater  advant^ige  will  be  gained 
by  throwing  the  weight  more  directly  njion  the  loina,  by  means  of  a  sort 
of  ginile,  shajied  so  as  to  rest  upon  tlie  top  of  tlie  sacnun  and  the  ridgiw 
of  the  ilia;  ftnd  by  prct»ing  with  thit  luuid  upon  n  frame,  ho  arranged  as 
to  bring  the  muscles  of  the  arms  to  Uie  assistance  of  those  of  the  Ic^ :  ia 
this  nrnimer,  u  single  Man  of  ordinary  .strength  may  raise  a  weight  of 
2000  Iba. ;  whilst  few  who  are  unaccustomed  to  such  exertions,  can  lift 
more  thiin  300  lbs.  in  the  ordinary  mode,  A  man  of  great  natural 
strength,  however,  has  been  known  to  lift  600  lbs.  with  his  hsjuls;  and 
the  same  individual  perfonue<i  several  other  curious  feats  of  strength, 
which  seem  deservmg  of  being  hero  noticed.  "  1,  By  the  strengtli  of  I 
fingers,  he  rolleil<up  a  very  large  and  strong  pewter  dish.  2.  He  brukal 
several  short  and  strong  pieces  of  tobacco-pijH),  with  the  force  of  '. 
iniddle-tinger,  having  kid  them  on  the  first  and  third  linger.  3.  Havingl 
thrust-in  under  his  garter  tlie  howl  of  a  strong  tobac<;o-pi)>e,  his  Ic^l 
being  bent,  ho  broke  it  to  pieces  by  the  tendons  of  his  hams,  witfaontj 
altering  the  bending  of  the  knee.      4.  He  broke  sueli  auother  bowlf 

nUier  B.  In  tli«i  urdinuj  ocia  of  viiiiou,  Uie  patient  i-ill  make  moBt  na  of  Ui»  toA 
iarcrlsil  ey[\  A,  liecAuw  he  can  moiit  rouli!}'  look  itnugbt-finrnrds  or  oulBirib  *ilt>  it; 
but  to  bnog  it  ioU  the  uiin,  or  lu  rotate  it  Dutwiuds,  mxrenilAlvi  ■  nilt  lu^ru  clrnil>4! 
inveraion  of  B.  Thin  remniiiB  tlir  poi>ilioii  of  thinjn.— the  patient  uaiiB!lj!i".l.inK  itrui_ 
forwnnla  u-ith  A,  wliioh  ia  Iho  cjp  oonitantly  einplnied  for  llie  puri>o*e«  of  liaii^,— 1»4 
frequent!;  almoft  burying  Ibe  other  eye  B,  the  riaiaii  id  vliirii  ia  of  rvry  little  uic  M 
bini,  iiniltr  the  inner  cantliua.  AVhen,  therefore,  the  trnitnn  vf  the  interual  nrttu  of  B  ■• 
(Uviilu,l,  tlic  ivlativu  |>osition  of  llii-  (wo  ie  not  entirelr  rectified.  Souelimes  it  appon  i» 
bv  Eo  fi»r  n  time ;  hut  the  filntUHmuB  then  l>e^iuB  t'^  return,  iind  it  cain  only  Ipc  che^vd  by 
division  nf  the  1«nduD  of  tlie  other  eye,  A  ;  ufu^r  wbi^'b,  the  eure  la  ^'enenkily  coai|U«1«  ud 
permaDBot.  That  it  baa  not  hecu  BO  ill  m&ny  of  the  patJPDts  on  whom  operitiiAB  hsT* 
been  [<erfuruied,  the  Anther  Bttr>but«s.  vilhoat  tlie  ajiglilciit  doabt  in  his  iirn  miiul, 
the  negleet  nf  the  Hwnud  gpemtioo.  As  juit  now  atnted,  the  ught  of  the  moot  tnv 
eje  is  froqneatly  very  ito]>crfect ;  indeed  it  is  ■onii'time.s  iinpnired  t'>  micb  aa  evtafit, 
the  pdlienle  "peak  of  it  t^  entirely  nveleM.  Thnt  thit  impAitiuL-ot  ivnilt*  in  not 
dif  iiHe  merely,  eeema  very  evident,  frum  the  grent  iiD|:nj>eiaOBl  wbirh  often  iniimih 
[  reetilication  of  the  Uefi. — A  vnlnnble  memoir  by  Prcjf.  Pinuiiaat,  no  the  '  Opvaliia  ta 
'  Btrahianins,'  fonndei]  oothi:  manlLfi  of  ubout  1000  gums,  will  h«f[>aud  in  the  *'  PbiladtlBliit* 
UciliisI  Eiunioer,"  voL  rii.,  and  an  ahBtnurt  of  it  in  the  "  Brit.  Uid  For  llad--&Ai 
Bevies,"  July,  IH52,  p.  20-2. 
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Ilia  firet  anil  piyxind  fiDgera,  by  prt-ssiiig  tlicui  togptliPT  Bideways. 
\\fted  A  tttblc  BUt  fivt  long,  which   hud   liiill'  a  hii ndrei]' weigh i 
hMiging  at  the  did  of  it>  with  liis  tcelli.  aiid  held  it  iri  thai  positiou  for 
a  oorisiilerablii  time.     It  is  true,  the  feet  of  tlie  talile  rested  against  his 
!tfa ;  but  lis  the  length  of  the  tai.ile  was  much  greater  than  its  hsiglit, 
pcri'onnnnce  rci[uire.l  a  gnatt  strength  t-o  be  exurted  by  the  muaclcs 
Ilia  loins,  m-ck,  and  jiiws.      G.  lie  took  an  irun  kitchen  )>okor,  uboutn 
til  long,  and  three  inches  in  circumfLirenee,  and  hohling  it  in  his  right 
bd,  he  struck  it  on  his  bare  left  arm  between  the  elbow  and  the  wrist, 
hp  bent  the  poker  nearly  to  u  right  angle.      7.   He  took  sticli  another 
ktir,  nnd,  holding  the  eud-t   of  it  in  hja  Imndf,   iind  the   middle  of  it 
the  liauk  of  hb  neck,  lie  bnmght  buth  ends  of  it  togy.'ther  before 
^  Will,  what  was  yet  moiit  difficult,  he  pulled  it  straight  agiwn."* 
ilrr   mentionx   an  iustauci'  of  a  insn.   who   eoidd   raise  u  weight  of 
llw,,  by  the  action  of  the  elevator  muscles  of  liia  jaw:  and   that  of 
ilcnder  girl,  affectwl  with  tetanic  spasm,  in  whom  the  cxtenaor  iiiuaoles 
[the  lukck,  in  the  state  of  tonic  contraction  or  opisthotonos,  i-esSsted  n 
Iglit  of  800  lbs.,  laid  on   the  abdomen  with  the  absiinl   intention  of 
tightening  the  body. — It  ia  to  be  recollected,  that  the  mechanical 
nliciitioa  of  the  [lowur  developed  by  muscular  contraction,  to  themovo- 
but  of  tlie  borly,  is  Very  Commonly  diBadvantageous  as  regarils  foree; 
ag  designed  to  cause  the   jiart   moved  to   ]«ias  over  a  much  greater 
:  than  tlwt  through  which  the  muscle  contrnctfl.     Thus  the  Temporal 
do  is  attached  to  the  lower  jaw,  nt  about  one-third  of  the  distance 
twii>n  the  condyle  and  the  incisors;  so  that  a  shortening  of  the  niuscle 
t  the  amount  of  linif  an  inch,  will  draw-iip  the  front  of  the  Jaw  through 
I  inch  tmd  ft  lialf ;  but  a  power  of  900  lbs.  applied  by  the  muscle,  would 
required  to  raise  300  lbs.  bearing  on  the  iuciaora.     In  the  case  of 
f(irc-arm  and  leg,  the  disproportion  is  much  greater;  the  points  of 
ehment  of  the  muscles,  by  which  the  knee  and  elhow-jointa  are  flexod 
extended,  being  much  closer  to  the  fulcrum,  in  oompariaon  with  the 
Bce  of  the  [loiuts  on  which  the  resistance  be«rs, 

Tiie  rapidity  of  the  changes  of  position  of  the  component  particles 

anscular  tibres,  may,  as  Dr.  Alison  justly  rcninrks,t  bo  estimated, 

though  it  win  hardly  be  conceived,  from  vivrious  well-known  facts.     The 

pulaatioliB  of  the  heart  can  .'Uimetimes  lie  distinctly  numbered  in  childi'en, 

jX  more  thim  200  in  the  minute;  and  as  each  etintructinn  of  the  ventri- 

■k*    ootmpies   only   half  the  time  of   the  whole  pulsation,    it    must  Iw 

|Booniplishcd  in  l-400th  oi'  a  minute,  or  3-20ths  of  a  second.     Again, 

■it  is  «-rtiiin  tliat,  by  the  movements  of  the  tongue  and  other  organs  tif 

imeccb,  1500  letters  can  be  (Estinctly  pronounced  by  some  jiersous  in  a 

|HtIiut<? :  every  one  of  these  must  i-ecjuire  a  sepirate  coutnietititi  of  mua- 

^■llar  lihrea;  and  the  production  and  cessation  of  each  of  the  sounds, 

inijilies  that  each  sepnrnte  contraction  must  be  followeii  by  a  relaxation 

uf  eijim]  length;  each  contraction,  therefore,  must  have  been  cfl'eetcd  in 

l-34>00thpart  of  a  minut«,or  inl-50th  of  a  second,  Haller  calculated  that, 

the  limbs  of  a  <log  at  full  speed,  muscular  contractions  must  take  place 

less  than  the  l-200th  of  a  second,  for  many  minutes  at  least  iiisucces- 

Dn. — All  these  instances,  however,  are  thrown  into  the  shade,  by  those 


*  "  Doaetilid'  PliiloBiiiili}',''  vol.  ii. 

t  "CjclopciUB  of  AiuitoiD;  uid  Pbyaiuto^."  Art. 


CunlriictiUt;.' 


753 


OF   HUSCUUH  HOVXUENTa. 


which  mEtj  be  drawn  {rata  the  class  of  Insects.  The  rapidity  of  the 
TibmtioDS  of  the  wings  may  be  estimated  from  the  musical  tone  whicli 
they  pnwluce ;  it  being  easily  aaceftained  by  experimenta,  what  number 
of  vibrations  are  rflquired  to  produce  any  note  in  the  scule  (5  7S7). 
From  these  data,  it  appears  to  be  the  necessary  result,  that  the  wiugs  of 
many  Insects  Httike  the  ajr  many  h'liuli-ed  or  even  many  tiimtaand  timea 
in  every  second. — The  minute  pi-ecision  with  whicli  the  d^ree  of  miL»- 
ciUar  contraction  can  be  adapted  to  tbo  designed  elfect,  is  in  no  instance 
more  remarkable  than  in  the  Glottis.  Tiie  musical  pif^h  of  the  tones 
pi-oduccd  by  it,  is  regulated  by  the  degree  of  tension  of  the  cAiirtAEtTocafc*. 
which  arc  [xisseaBed  of  a  very  considerable  degree  of  elaaticity  {§  805). 
According  to  the  obser\'ation3  of  Miillcr,"  the  average  length  of  these,  in 
the  male,  in  a  state  of  repose,  is  about  73-lOOths  of  an  inch ;  whilst,  in 
the  state  of  greatest  tension  it  is  about  OS-lOOths;  thu  difference  being 
therefore  30-lOOths,  or  oiie-fi/th  of  an  inch:  in  the  female  glottis,  the 
averi^  dimensions  are  about  Sl-lOOths,  and  SS-lOOthsresjjeutiveiy ;  thf 
difference  being  thus  about  oiu'-fiij/Uh  of  an  inch.  Now  the  tiatiiml 
compass  of  the  voice,  in  moat  persons  who  have  cultivated  the  vucal  organ, 
may  be  stated  at  about  two  octaves,  or  24  semitones.  Within  each 
semitoue,  a  singer  of  ordinary  capability  could  produce  at  least  ten  dia- 
tmct  interirals;  so  that  of  tlie  total  number,  240  is  a  very  moderute 
estimate.  There  must,  therefore,  he  at  least  240  different  states  of 
tension  of  the  Vocal  Cords,  every  one  of  which  ia  producible  by  the  will, 
without  any  previous  trial ;  and  the  whole  variation  in  the  length  of  the 
cords  lieing  not  more  than  one-fifth  of  an  inch,  even  in  man,  the  variation 
required  to  jiass  fi-om  one  interval  to  another,  will  not  be  more  tliaa 
1- 1300th  of  on  inch.  And  yet  this  estimate  is  much  holow  that,  which 
might  be  truly  made  from  the  performances  of  a  practised  vocalist.t 

[It  has  been  (hoaelit  bj  Lfao  Aiithur,  that  it  would  be  scarce!;  UKOidant  villi  tli<  plma 
dT  Lhifl  work,  &ad  tbut  it  wuold  add  Duedlusaly  to  itfl  baJk,  if  he  were  to  «it<r  into  thai 
minute  uialyius  of  tbo  viLrinDs  groups  of  Uu§cDb&r  actioDH  cuDoemed  in  EttAuding,  ailtiog, 
valkinz,  runnuii;,  su-iLntuiu;;,  kc,  wbiL;h  aome  writerB  liuve  tbouglit  to  fens  M 
BueatiKl  part  of  »  PlijiKlolugiva]  Treatise.  Such  ui  aunlysii.  SB  it  nppeurt  to  him,  Imdi  to 
no  prru^cill)--iu]portiuit  reault;  aud  tlie  actions  oF  individual  raii^i'IcB.  into  vbinh  Diiat 
oompoaite  groupH  are  thus  reflolv^Ml,  mn^t  after  all,  be  soparat^ly  ttudied  in  coDmetidd 
with  tboir  roBpoc^vo  AttoohmentB  and  d]r<N!tio[ta  of  traction.  Hid  aabjeot  of  the  Incomn- 
tion  of  Man  lini  been  partifiilurly  inuestipit&l  by  llje  Profin.  Weber,  »h"*e  work  rotitlni 
"  Mwhanik  der  men^lich  Gcliowerunse,"  ((Jotlinf^n,  1S3G)  Las  Wen  tnoslated  in  Jouidaa'i 
"  Bucyclop^ilie  Aiuili>mi[|ne,"  tum.  ii.  See  also  tbo  Art  '  Motjan*  bj  ili.  J.  Bialwp,  ia 
"Cyclop,  of  Anat.  and  Pbjidnl.,"  vol.  iit] 


•   "  Elemcntii  of  Physiology,"  Baly's  translation,  p.  1018. 

f  It  ii  said  that  the  nlebmled  Kladamo  Mara  waa  able  to  toaad  100  different  intomb 
between  each  tone.  The  oompnaa  of  her  voice  iraa  M  1«ut  three  ootaim,  or  jl  tons ;  ao 
that  tlie  total  nauiber  ot  iutetralo  waa  2100,  a3i  eompriaed  wiUtln  an  extreme  *aiialui  gf 
One-eighth  of  ah  ini^h  ;  bo  that  it  might  be  said  that  she  was  sble  %o  detennine  the  ooolno. 
tiuna  of  her  voual  mosclea  lu  nearly  the  Kie-alctii-llwiuundlh  of  an  ioch. 
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CHAPTER    XIV. 

(IF    THE    VOICE    Mil)    SPEKCH. 

I. — O/'tJit  LarijHx,  and  ilt  Actions. 

803,  TiiK  Bounds  produced  by  the  organ  of  Voice  constitute  the  most 

[|))ort»nl  inifUiN  of  i^inmunication  V-ctween  Man  and  liis  (■k1!ows(5  CIS); 

knd  the  |iowei-  of  SjMJecli  lius,  tliert^furr,  n   primary   infiiieure,  as  well  on 

Piu,  lud. 


U4<diftn  3pcir-m  of  if'^TIt,  .V-m*,  PhaTym^,  fend  Lurifnx: — a,  uiptam  of  noiWj  IhiIetw  it, 
■BBIlH^n  inf  hnril  pnkut*':  t,,  liptit-ue^  r^,  pp(<1i-m  of  mlDlii  |]tfilUl]luiii  pBJntJ;  <  pf,  lipi :  h,  uvqUj 
r,  mnu-n'if  un-h  nr  pkLlor  ti  ibiicfb;  i.  poalfriir  nnih  ;  I,  tifjul;  f>,  phkrjni ',  tt.  hjojj  hutip; 
i.  ni»n-i^  i-*T\\\»ee'.  n.  p.'Hc'i^LiI  c&rtil«^«;  r.  epifloltifi  r.  glottu^  ],  ppilennr  jtptuiu^  of 
urv*  :i,  »iliniii9r>u''iuaii  <«up?horo|WniDgonarrtix;£i,  puHg0int0U^pha^uA;fl^Dii»uUi 
aI  n^Kt  Eitirai'hibn  tulip. 

I  physical  condition,  as  on  tUe  development  of  hiii  mental  Acuities.    It  ia 
ftry  to  bear  in  mind,  tliat  Vocal  Mimds,  and  Spe<Msfa  or  articulate 
,are  two  things  eutii-ely  different;  and  that  the  former  may  be 

3c 
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produced  in  great  perfection,  where  there  is  no  capability  for  the  latter. 
Hence  we  miglit  at  once  infer,  thot  the  iustnunent  for  the  production  of 
vocal  sounds  is  distinct  from  tlmt  by  which  these  sounds  are  niodilied 
into  articuhLte  speeeh;  and  this  we  easily  diiicover  to  be  the  case,  the 
voice  being  unquestionabl}r  produced  in  the  larj/nx,  whilst  the  modifies^ 
tioDS  of  it  by  which  lungua^  \a  formed,  are  effected  for  the  most  part  in 
the  ojiii  canity. — The  atnicture  and  functions  of  the  former,  then,  firet 
olaim  oui'  attention. 

804.   It  will  be  remembered  that  l,he  Trachea  is  surmounted  by  a  stout 
cartilaginous  annulus,  termed  the  Cncoit/  cartilage  (Figa,  107,  108,ab, 


Pio.  107. 


Fis.  108. 


ETlfmii]  and  9iwticmiiJ  TipWH  of  thp  Xawu  ,' — Ai*it  tbeeriraMevtlkcP:  ■  c  ft,  the  IbfnM 
rBTIild^^i  o,  Ub  ajiptr  horn;  r,  il*  iv^rr  h'tn»,  wbflvll  in  ftr1icDlkb>d  iritA  the  rricndj  >.  th* 
Arjl4Mi<^]i1cBJlilA2vi  ■  T.  rhp  vocal  lipuniprtl :  A  1.  crioi*.fhJrTjEdrat  mniolr;  t  'a,  lhTrur%r^|*. 
iioii]?uH  niDHl» :  1  f.^^ri'.vk.tmraniijtiup  lnlfnklu;  ',  Lrkna^pru  aTfotiuD  of  uylflKq^uA  fjtok' 
v0n»iiB ;  jn  ■,  BpKr  WtweeD  IlijnjEd  ud  arietAii  V  l,  proJectioD  ot  kiu  of  kiljt-alAtiuD  of 
ujtMoid  "1111  Ibjfoid. 

Fig.  109,  ru  X  tn);  vhioh  serves  as  a  foundation  for  the  mpoi^arCient 
mechanism.  This  is  embraced  (as  it  were)  by  the  Thyroiil  (Vigs.  107, 108, 
B  c  o,  Fig.  100,  o  E  h),  which  is  articuktcd  to  its  sides  by  the  lower  horw 
(Figa.  107, 108,  c).  round  the  extremities  of  wliieh  it  may  l>e  regarded  m 
tnruiog,  as  on  a  pivot.  In  thii  manner,  the  lower  front  bonier  of  the 
Thyroid  cartilage,  which  is  ordinarily  Bejiarated  by  a  small  int<!rval  (Fip. 
107,  108,  m  n)  from  the  upper  margin  of  the  Cricoid,  may  be  made  to 
approach  it  or  to  recede  from  it;  aa  any  one  may  easily  ascertain,  by 
placing  his  finger  against  the  little  depression  which  may  bo  rendily  M% 
externally,  and  observing  its  changes  of  size,  whilst  a  range  of  diAnnt 
tones  ia  sounded  ;  for  it  will  then  be  noticed  that,  the  higher  the  tMI», 
the  more  the  two  cartilages  arc  mode  to  approximate,  whilst  theyMfwntt* 
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f  pivimrtion  to  the  depth  of  the  tones.*      Upon  the  upper  surface  of  the 
of  (he  Criotfiii,  are  SL'ated  the  two  small  Ar>/fenoui  curtihifjea  (Figs. 
I  Mi',  T  F);  these  are  fixed  in  oae  direction  hy  a  bundle  of  strong 
tluetits,  whidi  tio  them  to  the  ba.(^k  of  the  cricoid  ;  dut  thef  have  some 
fferof  njoTJug  in  other  directioDS, 


,  a  kind  of  urticulatbig  surface, 
etion  of  the  8Ui-riux\  and  the 
in  which   tbiwu  uartilnges  are 
KtrwM*  a ttuc lied,  cause  their  move- 
it  to  he  a  sort  of  rolatiou  in  a. 
'  which  is  nearly  horizontal  but 
4y  dowTiwords ;    so  that   their 
tind  jihuics  may  he  niaile  to  kc^iu- 
fram   each   other,   and  at  the 
ttiine  to  asgume  a  slanting  posi- 
Thia  change  of  place  wil!  he 
iter  underatood,  wheu  the  actiun  of 
imnscleaiadescrihcd,  Tothexuni- 
;  of  the  Arytenoid  cartilagea  are 
chc<l  the  chordir  rocalai  or  Vocal 
oentB  (Fig.  107,  e  f.  Fig.  109, 
,  whjeh  Btretcti -across  to  tlie  front 
■tiio  Thyroid  cartilage;  and  it  isupon 
I  condition  and  relative  situation 
'these  ligtttneuts.  that  Uieir  action 
depends.     It   ia  evident  that  they 


Fio.  lOS. 


BlrJS-pyv  view  f>f  Lnrffin  fnim  »lH>ve  :— r*  ■  B 


the  lhTr>>ld  i'»r1i]ii^r,  t^izibrocin^  Itir  nfiji  nf  llie 

rriooid  r  mX  f.  m\\  ("rninjf   ii|Kn>  Ihp  niia  x  t, 

■  hich  pMiMlliriiiluL  llip  li.nT  hciTH,  r,  if  IB  IWi 

,  ,  ,  ,  -       !»  r.  N  r,  Ihe  itrylenoiii  i*MrljIatjoe,  [yMiiiT.tfnl  br 

^  may  be  renuered  more  or  les^  teuse,  ihr •ryi?iiuidf.ui>  titn'^m^i;  it, it,  tht- tncti 

bythemovementoftheThyroidcar-  ';r';rS" ^S' h^^^J^^'iT^lTlv ^^ 
tijagejust  described :  heuigti^hteueti  iiiyn>.«rri?noidi'ua  iihe  rijihi  iwina  rpmottdi  -, 
by  tlie  depreasion  of  its  hunt  upon   gri™-M7tBDoid Uswmhu. 
the  Cri«iid  cartilage,  and  slackened 

its  elevation.     On  the  other  hand,  they  may  he  brought  into  more  or 

I  close  apposition,  by  the  movement  of  the  Aiyteuoid cartilages;  being 

to  ap|>roKimati3  nearly,  or  to  recede  in  such  a  manner  as  to  cause 

I  riiDB  glottidis  to  assume  the  form  of  a  narrow  V,  by  the  revolution 

'  these    cartilages. — We  shall  now  inquire  into   the   actions  of  the 

ies  upon  the  several  parts  of  this  appamtus;  and  first  into  those 

f  tiie  larynx  alone. 

[605.  The  depression  of  the  front  of  the  Thyroid  cartilage,  and  the 
Kjuent  fejMMWi  of  the  Vocal  Ligaments,  isoccaaioued  by  the  conjoint 
ion  of  the  Orico-thyroififi  (Fig.  108,  A  k)  on  both  sides ;  and  the  chief 
Tuilagouiflts  to  these  are  the  T/ii/ro-ari/lvnoidfi  (Fig.  107,  p  ra,  Fig,  109, 
V  ij').  which  draw  the  front  of  the  thyroid  ba^jk  towards  the  arytenoid  car- 
tilages, and  thus  rc'Vkr  the  vocal  ligaments.  These  two  pairs  of  muscles 
may  be  regai-dedas  the  principal  goveruorsof  the  ;h'(c7i  of  the  notes,  which, 
aawe  shall  hereafter  see,  is  almost  entirely  regulated  by  the  tension  of  the 
ligntntTits  I  tlu'ir  action  is  assisted,  however,  by  that  of  other  muscles 
preoently  to  be  mentioned. — -The  arytenoid  cartilages  are  made  to  divei'ge 
from  each  other,  by  means  of  the  Crico-aTytunoidei  poslici  (Fig.  109,  B  i) 

•  In  Dutking  thi«  obscrtatinD.  it  it  neoeasarj  to  put  out  of  "riew  ihc  gen*nJ  moreaent 
«f  (he  Lbttux  itaelf,  which  th«  finger  musl  lie  made  to  follow  up  and  dowo. 
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of  the  two  siiles,  whicti  proceed  from  thtar  outer  comers,  and  turn  some 
wlmt  muod  tlie  odee  of  the  Cricoid,  to  be  nttactcd  to  the  lowor  pert  of  iti 


what  round  the  edge  of  the  Cricoid, 


part  of  ite 


Pn.  110. 


n  azv 
Thh     ■ 
vtiua^l 

-'  -iW 


Va.n  'yt  TIjJ-  log  «nlHFEi^.  to  show  Thu  IHrertiva  (^?*i-  Mnteitliw  Form  wbirrh  art  «■  Iht 
Arylvii'"nii  carlibipT:— n  V  tt.  Ibi-  n^ihl  ArvleTiciiil  rtrtjlajr^i  I  r,  lit  <ne»l  Ui;aiD<-'i1  ,  k  k  ■« 
hiiiiiilr  ofUpinii'lUft  iknllinc  b1  ro  CrinH'l  t  "  '.  projpcti^m  of  ill  kii*  nif  ■rticnlni'  T-n- 

(loa  <if  iSp  B-ilmifupr  rhi'TliTra-cirTlvu"u{(Miti  r  X.  Jiwrtioii  of  CriMHufytni.  .»i 

V  w,  dirwlioDorCri(:<>-B*ytH*midfU»  ponljuiK^  ■  t,  diirvlkmof  Arrlpnoidru-  ■  - , 

b&ck;  their  action  is  to  dx&w  the  outer  cornet's  backwnrda  and  down- 

w;trd.i,  su  that  the  quints  to  which  thi-  voo\I  liganicQt)^  arc  attach«d  an 
geparated  from  one  another,  and  the  rinia  glottidis  la  thrown  open.  That 
will  be  at  onoe  seen  from  the  preceding  diagram,  in  wLich  the  directii 
of  traction  of  the  sevenJ  rouacles  ia  Inid-down. — The  a^itioa  of 
miiacles  b  partly  aiitngonincd  hy  thnt  of  the  Crico-firyt^ntiidei  ]at«rai^\ 
(Fig.  109,  N  s),  which  run  forwnrds  and  dowiiwardit  from  the  ontor 
oornei«  of  the  Ar}rtt.'noid  cartilugcs,  nud  whose  coiitraotoon  tends  to 
bring  thoir  anterior  [loiutA  into  the  same  Htrtught  line,  depressing  thrra 
at  the  Hitmc  time,  no  as  thus  to  dose  the  glottis.  Thuto  miiscjea  an? 
aasiBted  by  the  A-n/teiioideun  lra>i»per»ii)i  (Fig.  lU!)),  which  connects  tlM 
posterior  feces  of  the  Aiytcnoid  cartilagea,  and  which,  by  its  conbBCtio^ 
draws  tLcm  together.  By  the  conjoint  action,  therefore,  of  tie  Crioo- 
arytenoidei  lateralea  and  of  the  Arytenoidfius  transvetBUs,  the  whole  of 
the  odjacent  faces  of  the  Arytenoid  cartUagea  will  be  njiproxituftled. 
and  the  (KiintH  to  which  the  vooil  ligaments  arc  attached  will  be  de^mawd, 
— But  if  tlie  Aryteiioideus  be  put  in  action  in  conjunction  with  t\ 
Orioo-arytenoidei  postiei,  the  tendency  of  the  latter  to  separate  the 
tenoid  curtilages  being  antagonised  by  the  former,  its  l)acliwanl  acti 
only  will  bo  eserted ;  and  thus  it  inny  be  caused  to  aid  the  Crico-tbymii 
in  rendering  tense  the  vocal  ligunienta.  This  action  will  be  fu 
ossiBted  by  the  t>lcnuj-lhyroidci,  which  tend  to  depress  the  Thyroid 
lage,  by  pulling  fi-omaSxetl  point  below j*  and  the  Thym-hyriidei ■m''^ 

*  Tb«Ba  Are  not  usually  r^konod  Among  the  iiriacipal  musdlvs  rametriwj  in 
the  roioe :  liut  tliat  the;  are  bo,  sdj  nue  may  ojiiviun  tiutui'lf  bj  iilaoing  |u«  fiif« 
titefn  Vttr  stcniuiu,  whilM  hn  ta  wniEiiliaB  higb  natea :  a  atrone  f^Jini:  of  IdihcqIu 
]»  thoD  Bt  onw  perwivpd. 
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_BrUBt  of  these,  wheu  they  act  from  a  tised  puiat  abuve,  llitj  Oa 
beiug  secured  by  the  opposing  contraction  of  sevariO  other 
ie& — The  respwctiTe  ocdoas  of  these  muscles  will  by  U«t  compre- 
■1  liy  the  foUowiug  Table. 


Govern  the  pUch  of  llie  TtoCet. 

.  (  Dtpri^te  the  front  uf  the  T1iyn>i J  cartilage  on  llie  Cri- 

'  (      tlie  Arytunipiiioua  su(J  Crioo-arvlunoickO  i«wLioi. 


CUO(>-T  H  TRCIIDII 


Tn  T  Ru-  Aattehoidu 
Taniu-HTetiiii 


{      tlie  Arytunipiiioua  su(J  Crioo-arylunoickO  |«wLioi. 
Bl^Hto  liie  CroDt  iir  tbt  Tliyruid  rartMugv,  ftlul  ilnw 
it  luimnlB  tliu  Arjli^ngida,  nlu^iyj  tJie  Tocftl  lig>- 


GtKwm  (Af  Aperture  oftfte  OlottU. 
CucD-AaTTUoiiiu  romoi 0pm  the  (Jlottii. 


'  \  ('uc>>-Aktt»(iii>ki  utebales 

(  AklTLSOIblDB  TBAT>g\  EU9DS 


Prc«B  logPlUei  the  iuuer  eilgea  uf  tlie  Aryl«- 
Quid  ii'-urtiJri^ea,  uic!  rtott  the  Glutlii. 


[  flO<t.  The  muscln)  which  stretcli  or  relux  the  VocaJ  lignmeuts,  aiti 
ely  couwrued   iu  the  production  of  Voicn;  those  which  gOTDm  tht? 

'  of  the  Glottis  hiive  )ui|)ortiMil  fimutioiia  tu  couiiectiou  with  the 

ory  nctious   iu  ^euer.tl,  and  stand  us  guards  {m  to  apiuik)  itt  tho 

to  the  luligs.     Tbi^se  se|iarute  antioiiB  are  eusily  iimJe  evident. 

\  ordiiurr  couilitiou  of  rest,  it  scenu^  probiiblu  that  the  Arvteiioid 

ore  uousidi'i-itbly  piL']KirHted   froiu   I'Ach   other;  so   iia  to  cause 

opening  to    intei-vone  bctweun  their  inner  faces,  mid  betwifen 

tTOcal  ligameuta,  through  which  tliu  nir  fi-cely  passes;  and   the  vocal 

alA  are  at  the  Biime  time  in  ti  state  of  complete  relaxation. — Wo 

,  d(Mo  the  aperture  of  tlie  Glottis  by  an  exertion  of  the  will,  during 

inspiration    or  o:c]iiration ;    and    its  closui*c   by   an   autouuUu 

tbe  forms  part   of  the  acta  of  Coughing  and    Hueezing  (§  30G), 

I  giring-iTse  to  those  more  proJonged  impedimenta  to  the  ingress 

egress  of  air.  whioh  huve   been   already  noticed   as  reaulting  from 

ietvA   states   of  the   Nervous   system    (§§  I'lii,  724),      With   these 

ana.   the   inuticles  which   regul:Lte  the  tension  of  the  vocal  It-^meDtis 

tVe  nothing  to  do ;  tmd  we   have  seen     that   they   ui'e   iH.Tl'onin"i   liy 

iiulni mentality   of  the  Pueuniogastric  or  proper  Resjiiratory  nervo 

303.  304).     A  slight  examination  of  the  recent  Iviryiuc  ia  sufficient 

moke  it  eviik-nt.  that,  when  once  the  iKirders  of  the  rinui  glottidis 

brought-together  by   musculttr   aetiOD,   the    etTect  of  strong    aerial 

I  on  either  aide  (whether  produoed   by  an   expulsory  blast  fi"om 

r,  or   by   a  ^itrong  insiiiratory  effort,  oeCHsioning  a.  partial  vactium 

r,  nnd  consequently  an   increiifled  priiasure  above),  will  be  to  force 

into  closer  apiKiaition. — In  oi\ler  to  produce  a  Vocal  sound,  it  ia 

at  sufficient  to  put  the  ligaments  into  a  state  of  tension  ^  they  must 

I  bi"  brought  nearer  to  eoch  other.     That  the  aperture  of  the  glottis 

gretttlv  narrowed  during  the  pi'oduetion   of  sounds,  is  easily  made 

ait    to  one's-self,  by   comparing  the  time  occupied  by  an  ordinary 

«|iimtion.  with   that  reqiured   for   the   passage  of  the  sitme  quantity 

"  air  during  the  sustenance  of  a  vocal  tone.     Further,  the  siae  of  the 
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Aperture  is  made  to  raiy  in  act^ordfLiice  witlt  the  note  wliich  is 
jiroduced;  of  this,  too,  aiiy  oac   may  conriucc   bimseli',   liy   compariligl 
the  timoH  during   which   be  can   holil-oitt  a  low  and  a  high   note;  frmmf 
which  it  will  appear,   that   the   aperture  of   tlic  glottis    is  so  much'l 
naiTowed   in  producing  n  high  note,  as  to  permit  a  far  less  rapid 
passage  of  air  than    Ls   allowed  when  a  low   one    is  sounded.     This 
ttJjustineiit  of  the  aperture  to  the  tenBion  of  the  vocal  ligaments,  is  &  i 
necessary  condition  for  the  pnidnction  of  a  clear  and  definite  tone.      It) 
fiirther  appearn  that,  in  the  nan'owiiig  of  the  glottis  which  ia  re<]itisit« 
to  bring  the  vocal  liganienta  into  the  necessary  approxiiaiition,  the  uppef  ' 
jminta  of  the  Arytenoid  cartilages  are  caused  U)  approximate,  not  ouljrj 
by  being  made  to  rotate  horizontally  towai'drt  each  other,  but  also  by  I 
a  degree  of  elevation;  ao  that  the  inner  iiusee  of  the  vocal  ligumental 
are  brought  into  jiarallelisni  with  each  other, — a  condition  which  naj^l 
be  experimentally  shown  to  be  necessary  for  their  being  thrown  into.l 
sononms  vibration  {§  810).     Tlie  muscular  movements  concerned  in  the 
act  of  vocalization,   appear  to   be   calJed-forth  by   the    in.'ttrumentaii^ 
of  the  fibres  of  the  Bpinal  Accessory  nerve  which  are  contained  in  tliisi 
PueiimoKflstii'ic  (§  498). 

807.  We  have  now  to  inquire  what  is  the  operation  of  the  Vocal' 
Ligaments  in  the  production  of  sounds;  and  in  order  to  oonipreheud 
thK,  it  ia  necessary  to  advert  to  the  conditions  under  which  tones  araJ 
produced  by  instruments  of  various  descriptions  having  some  nnalc^j 
with  the  Larynx.  These  are  chieJy  of  three  kinds;  strings,  flute-pipm' 
and  reeds  or  tongues. — The  Vocal  Ligaments  were  long  ago  compared 
by  Ferreiii  to  vibrating  airiVi^s;  and  at  first  sight  there  might  seem  ■ 
considerable  analogy,  the  sounds  which  both  produce  being  elevated  by 
increawMl  teiwioii.  This  reseniblanco  disuppcai-H,  however,  on  more  aoca- 
rate  coraparisoii;  for  it  may  be  easily  ascertained  by  esperiment,  that 
no  string  so  short  as  the  vocal  ligiLment«  could  give  a  clear  tone,  at  all 
to  be  compared  in  depth  with  that  of  the  lowest  not«s  of  the  human 
voice ;  and  also,  that  the  scale  of  changes  produced  by  increased  t«nflion 
is  fuuiliunen tally  different.  When  strings  of  the  same  length  bat  ofj 
different  tensions  are  mode  the  subject  of  comparison,  it  is  found  thatl 
the  number  of  vibrations  is  in  iiroportirin  to  the  square-roots  of  th« 
extending  forces.  Thus,  if  a  string  extended  by  a  given  weight  produce 
a  certain  note,  a  string  extended  by  four  times  that  weight  will  gire  ■ 
note  in  which  the  vibrations  are  twice  as  rB|iid  ;  and  this  will  be  tfae 
octavo  of  tlio  other.  If  nine  times  the  original  weight  be  empIojnEi], 
the  vibrations  will  bo  three  times  as  rapid  as  those  of  the  fimdajnoital 
note,  producing  the  twelfth  above  it.  Now  by  fixing  the  larynx  in  Buch 
a  manner  that  the  vocal  ligaments  can  be  extendeil  by  a  known  weight, 
Midler  has  ascertained  that  the  sounds  pro<liice<l  by  a  vnriation  of  th« 
extending  force  do  not  follow  the  same  mtio;  and  therefore  the  ewD- 
dition  of  these  ligaments  cannot  be  aimjily  that  of  vibrating  cotda. 
Further,  although  a  cord  of  a  certnio  length,  which  is  adapt«<l  (O , 
give-out  a  clear  and  distinct  note,  equal  in  depth  to  the  lowest  of 
human  voice,  may  be  made  by  increased  tenaon  to  produce  oil  tllAl 
superior  iiotas  (which,  in  stringed  instruments,  are  ordinarily  ubtiuo« 
by  shortening  the  strings),  it  does  not  follow  that  a  sliort  Rtrinfel 
which,  with  moderate  tension,  naturally  produces  a  high  note,  Kbouldl 
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able,  by  »  diniinution  of  tllu  tcasiuu,   to   give-out  a  deop   one;  for, 

JtJiough  this  miglit  lie  tLtforetioally  poeaible,  yet  it  cannot  be  accoui- 

JieJ   iu   [imetiiiu;  since  the  vibnitiona  betiouie  irregiiliu-  on  account 

I  (he  diiuiulibed  elastidty.*     These  considerations  arc   in  theinsulvea 

cut  to   dislroj   tbo   supposed   analogy;    and   to  prove  that   the 

Tocaled  cannot  be  reduced  to  the  same  category  with  vibrating 

18.   The  uejct   kind  of  instrument  with  which  some  analogy  might 
I  eniq>ected.  \a  tlie  jluie-pipe.  in  which   the  sound   is  produced  by  tliu 
ribrution   of  an   elustic   column  of  air  contained  in  the  tubi;;  and  the 
itcU  of  the  note  ia  detoruune^l  iilmost  eiitii'eJy  by  iho  length  of  the 
Juuiu,  although  sliyhtly  modified  by  its  diameter,  and  by  the  nature 
the  embouchure  or  mouth  from  wliich  it  issues.      This  is  exempliliecl 
lliB  German  Flute,  and  in  tho  Euglisli  Flute  or  Flageolet;  iu  both  of 
^lil^h  instruments,  the  acting  length  of  the  pipe  is  determined  by  the 
Dtorval   between  the  embouchure  and  the  nearest  of  the  side-aperturea; 
<tpeiuag  or  closing  which,  therefore,  a  modification  of  the  tone  ia 
■liiced.     In  the  Organ,  of  which  the  great«r  number  of  pipee  are 
fttructeil  upon  this  plan,  there  is  a  distinct  pipe  for  every  note;  and 
eir  length  increases  in  a  regular  eoale.      It  is,  in  fnct,  witii  flute-pipes 
with   Etrings,^ — ^that   a   diminution    in   length   cuuses   an   increase   in 
bA  uumber    of    vibrations,  in    a    simply- in vei'ae   proportion;    so    that 
two   pijies,  one  being  hidf  the  length   i>{  the  other,  the  shorter  will 
J«»  a  toa.j  which  is  the  octave  aliove  the  other,  the  vibrations  of  ita 
JuniQ    of  air  being  twice  as  rapid.      Now  there  is  nothing  iu  the 
or  dimensions  uf  the   column  of  air  between  the  larynx  and  the 
Dotith,    which    can   bo   conceived   to   render   it   at  all   ca[)a!ile   of  such 
Kbnitions  as  are  required  to  proiluce  t!ie  tones  of  the  Iluniau  voice; 
DOiigh  theru  is  some  doubt,  whether  it  be  not  the  agent  in  the  musical 
0C8  of  corfjun  Birds.     The  length  that  would  be  required  in  an  open 
to  give  the  lowest  G  of  the  ordinary  Iiass  voice,  is  nearly  six  feet; 
the  conditions  necessary  to  produce  the  higher  notes  from  it,  are  by 
I  oieans  those  which  we  find  to  eust  in  the  process  of  modulating  tho 

voice. 
809.  We  now  come  to  the  third  claaa  of  instruments,  iu  which  sound 
iuced  by   the   vibration   of  reeils   or   tonrpic*;    these   may   either 
elasticity  in  themselves,  or  be  made  elastic  by  tension.     The 
o'  reeds  of  the  Accordion,  Concertina,  Serapldnc,  Harmonium,  itc,  are 
ploB  of  instruments  of  this  cliai-octer,  in  which  the  lamina  vibrates 
a  sort  of  frame   that   allows  the   H,ir   to  posS'Out  on  all  sides  of  it 
augh  a  narrow  channel.  thiLs   tnoi'easing  the  strength   of  the  blast: 
phOet   in   the  Hautboy,  Bassoon,  Jzc,  and  in  the  Organ-pipes  of  similar 
tiou,  the  reed  covers  an  aperture  at  the  aide  of  one  end  of  a 
In  the  former  kind,  the  sound  is  produced  hy  the  vibration  of 
tongue  alone,  and   is  regulattMl  entirely  by  its  leogth  and  elasticity ; 
Bt  in   the  latt^T,  its  pitch   is  ilependetit  upon  this,  coujoiatly  with 
length  of  the  tube,  the  column  of  air  contained  in  which  is  thrown 
into  simultaneous  vibration.     Borne  interesting  researches  on  the  effect 

•  Tliua  it  would  l«  impoiaihle  to  prDdncn  go-il  Bnaa  notes  on  llie  Blrinpii  of  n  Violiu, 
1^  diaiinUhiog  tbdr  leaaioa;  Iho  leogUi  nffurdnl  liy  the  Viiilon»;Uu  or  Duublu  Dan  is 
qiuaite. 
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produced  on  the  pilch  of  a  sound  given  by  n  reed  through  the  union 
it  with  a  tube,  liave  been  luiuie  by  M.  W.  Weber;  and,  aa  they  are 
importnul  in  fiimishing  data  bj  which  the  rtal  nnture  of  the  vocftl 
orjpn  may  hv  dtrtt'iTniiit-d,  their  ciiibf  results  will  be  here  ^vcn, — 
I.  Tlie  jjiti;h  of  a  n.*d  may  bo  lowered,  but  eaniiot  be  raised,  by  jniniog 
it  to  a  tube.  ii.  The  sinking  of  the  pitch  of  the  i-ced  thus  produoeil,  i» 
at  the  utmost  not  more  than  an  octave.  111.  The  fundamental  note  of 
the  reed  thus  lowered,  may  be  raised  again  to  its  original  pit*'h,  by  a 
further  lengthening  of  the  tube;  whilst  by  a  ftirther  iiiurease  it  is  again 
lowered.  IV.  The  length  of  tube  necessary  to  lower  Uie  pitch  of  tli« 
inatmiiicnt  to  any  given  point,  depends  on  the  relation  which  exists 
between  the  frequency  of  the  TihratiouH  of  the  tongue  of  the  reed,  mii] 
those  of  the  column  of  air  in  the  tube,  each  takeu  separately.— From 
these  data,  and.  from  those  of  the  preceding  parngrapli,  it  follows  that. 
il'a  wind-instrument  ctui,  by  the  prolongation  of  its  tulie,  be  made  to 
yield  tones  of  any  depth  in  proportion  t<i  the  length  of  the  tube,  it 
must  be  regai'ded  as  a  ilute-pipe;  whilst  if  its  pitth  can  oidy  be  lowered 
an  octavo  or  leas  (the  emboueliure  remiiiuing  the  same)  by  lenglbcnbig 
the  tube,  wc  may  he  certain  that  it  is  a  I'eed  instrument.  Tlie  latter 
provM  to  lie  the  esse  in  regard  to  tlie  Larynx. 

810.  It  is  evident  from  the  foregoing  considerations,  that  the  action 
of  the  Larynx  has  more  analogy  to  that  of  rmd  instruments,  than  it  hiu 
to  that  either  of  vihT&tmg //tniiyn,  or  of  JJtde  i/!/ifj! ;  and  though  thus 
would  seem,  at  first  sight,  to  be  a  marked  diiference  in  chantctcr 
between  the  vocal  liganients  and  the  tong\ie  of  any  reed  instrament, 
this  difference  is  really  by  no  iiioans  considerable.  In  a  reed,  elasticity 
is  a  ])ro[>erty  of  the  tongue  itself,  when  fixed  at  one  cud,  the  othe* 
vibrating  freely;  but  by  a  nienibranous  lamina,  fixed  in  the  eamo 
manner,  no  tone  woidd  bo  produced.  If  auch  a  lamina,  however,  bo 
made  elastic  by  a  moderate  degree  of  tension,  aud  he  fixed  in  such  a 
manner  as  to  be  advantageously  actiKl-on  by  a  cuiTcnt  of  air,  it  will  give 
a  distinct  tone.  It  ia  oliaerved  by  Miillcr,  thnt  membranoua  tongues 
made  elastic  by  tension,  may  hove  either  of  thiw  difl'eronl  forais; — 
I.  That  of  a  luind  extended  by  a  cord,  and  included  between  two  linu 
jdates,  BO  that  there  is  a  cleft  for  the  passage  of  air  on  etuih  rido  of  tbi- 
tongue.  II.  The  elaatic  membrane  may  be  stretclienl  over  iho  half  or 
any  portion  of  the  end  of  a  short  tube,  the  other  part  being  otvupiiil  by 
a  solid  plate,  tietwecn  which  and  the  elastic  menibnme  a  narrow  fisunir 
is  left.  III.  Two  elastic  membranes  may  be  extended  iicross  the  mouth 
of  a  short  tube,  each  covering  a  portion  of  the  ojM^ning,  and  having  a 
eliink  left  ojion  between  them. — Tliis  last  is  evidently  the  fonn  luool 
allied  to  the  Human  Glottis;  but  it  may  be  made  to  upproximale 
still  more  closely,  by  prolonging  the  membranes  in  a  dirv^ctioIl  pttndld 
to  that  of  tbo  current  of  air,  so  that  not  merely  their  edg««,  bol 
their  whole  planes,  shall  be  ihiown  into  vibration.  Upon  tliia 
principle,  a  kind  of  arlijiciul  i/httis  has  been  constructed  by  Mr. 
Willis ;  the  conditions  of  action  aud  the  effects  of  which,  are  so  ntwrlr 
allied  to  that  of  the  reftl  inatniment,  that  the  similar  character  of  the 
two  can  scarcely  be  doubted.  The  folloH-ing  is  his  description  of  it. 
"  Let  a  wooden  pi|)o  be  pre[>arod  of  the  form  of  Fig,  1 1 1  «.  Iwving  ■ 
foot,  c,  like  that  of  an  organ-pipe,  and  an  upper  opening,  long  aod 
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uw,  U  at  B,  with  a  poiut,  4,  rising   at    one   end  of  It      If  ft  pioce 

li'atliiT,    or  atill    better,  of  sheet  Indiu-rablnfr,  be  doubled  round 
hU  point,  and  secured  by  hi'liig 

BUnil  runnel  the  \Ape  at  d  with  ?">■  lil- 

ting tlireaJ,  ns  iu  Fig.  Ill  6,  It 
ill   giTu   1U1  an   artificial  glottis 
Ji  ite  upper  olges  c  ii,  wliich 
oy   Iw   mode  to  vibrnto   or  not, 
siiro,  by  inclining  tbe  jilaiKS 
I  edges.     A  uouple  of  pieces 
B  F,    ir.ay  be   glued   to 
'die  olvnle^^  to  make  tbem  more 
igentik'.    Frorn  this  tniiL'hine, 
■i«ii3  aiiUs  may  be  obtniueil,  by 
irtcliiiig  tlio  edgist  in  t)ie  direc- 
I  of  ibiiir  If.ijgtli  (1  a ;  the  notes 
in  pitub  with  the  increased 
rdtbun^h    tbe    length    of 
viliniting   edge    is    increased, 
triii:  that   a  scale   of  notes 
iu    ejtttnt    to  that   of   the 
voice,  cannot  be  obtained  Ajtiiiriil  oiniii«, 

pdges  of  leftthiT ;    but  tlija 

is  luuch  greater  in  luiUii-rubber  tban  iu  leather;  and  the  elasticity 

bent  both  is  so  iiiucb  inferior  to  that  of  tbe  vocal  ligamciitH,  that  we 

readily  lufer  that  the  groalur  scale  of  tin:  latter  is  due  to  ita  greater 

ic  powers."      By  other  exporimeiiters,  the  tisane  forming  the  riiiddlo 

I  of  the  arterioH  has  been  used  for  this  ptivpose,  in  the  moist  state,  with 

At  *«coess;  with  this,  the  tissue  of  the  vocal  ligament  ia  neai'ly  identieaL 

,  is  worthy  of  remark  that,  in  all  such  exijeriinents,  it  ia  found  that  the 

membranea  may   be  thrown  intJ»  vibration,  when   inclined  towtvrde 

other  in  various  degr(H»,  or  even  when  they  sire  in   [lai'ailel   planes, 

thi'ir  edges  only  approximate;  but  that  the  least  inclination  fron^ 

other  (which  is  the  position  the  vocal  ligaments  have  during  the 

lordinary  statr  of  the  glottis,  §  806),  completely  prevents  any  sonorous 

iliratious  from  being  produced. 

11.  The  pitch  of  the  notes  produced  by  membranous  tODguea,  maybe 
in  scvoi"al  ways.     Thus,  an  iucreaae  in  the  strength  of  the  blast, 
has  little  influence  on  metallic  reeds,  raises  Iheir  pitch  very  con- 
ierably;  and  in  this  uianuer  the  note  of  a  membranous  reed  miiy  be 
•<\  by  semitones,  to  as  niucJi  as  a  til'th  above  the  fundamental.     Tbe 
JitioiL  of  a  pipe  has  nearly  the  same  effect  on  their  pitch,  aa  on  that  of 
ic  reeds;  but  it  taiiimt  eaaily  be  determined  wdth  the  same  pre- 
wa.     Several  diiferent  notes  may  be  |>roduced  with  a  pipe  of  the  same 
agth;  but  there  is  a  certain  length  of  tbe  column  of  air,  which  l-i  the 
pne  best  atlapted  for  each  tone.     It  has  been  recently  aacertoined,  more- 
pvpF,  that  the  length  of  the  pipe  preJixed  to  the  reed  had  a  considerable 
|ntlneur«  on  its  tone,  remlering  it  deo]>er  in  proportion  as  it  is  pro- 
longed, down   to  nearly  the  octave  of  the  fundamental  note;    but  the 
|)itch  then  suddenly  rises  again,  aft  in  the  case  of  the  tube  placed  bejoiid 
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(wtablisliiiig  any  very  definite  relation  between  the  lengtha  of  the  twgl 
tubes,  in  regard  to  tlieir  influence  on  the  pitch  of  the  reed  placed  bclweeaj 
them. 

812.  From  the  foregoing  statements  it  appears,  that  the  tnie  theory  of ' 
the  Voice  may  now  be  considered  as  well  estaliliahed,  in  regard  to  this 
essential  [larticulai', — that  the  sound  ia  the  re^ilt  of  the  vibnitinna  of  the 
rocal  ligaments,  which  take  place  according  to  the  same  laws  with  tlioaaj 
of  iiietaJJic  or  other  elastic  tongues ;  and  that  the  pitch  of  Uie  notee  iai 
chiefly  gtwomed  by  the  tension  of  these  laniinio.'  With  resjiect,  how-j 
ever,  to  the  mode  tuid  degree  in  which  these  tones  are  modilied  by  the 
shape  of  the  air-jMiBsages,  both  above  and  below  the  larynx,  by  the  foive 
of  the  blant,  and  by  other  concurrent  oircuuistantos,  little  in  certainly 
known ;  but  no  doubt  can  be  felt  that  these  modiliciitions  are  of  great 
importance,  when  we  observe  the  great  amount  of  muscular  action  which 
takes  jiloce  consentaneously  with  the  production  of  vocal  tone&  and  I 
which  seems  designed  to  alter  the  length  and  tension  of  the  v^oub 
parts  of  the  voenl  Uihe,  so  tliat  they  may  vibrate  synchronously  wjih  the 
vocnl  eor</«.  Thus,  during  the  ascent  of  the  voice  from  the  dewier  lo  the 
higher  notes  of  the  scale,  we  And  the  whole  larynx  undergoing  an  eleva- 
tion towards  the  ba.se  of  the  cranium,  the  thyroid  cartilage  being  drawn- 
np  within  the  os-hyoides,  80  ao  even  to  press  on  the  epiglottis;  at  the 
same  time,  the  small  space  between  the  thyroid  and  cricoid  cartilages,  or 
crico-thyroid  chink,  is  closed  by  the  depresiaion  of  the  fi"Onl  of  the  former 
npoii  the  latter  (§  S04);  the  velum  palati  is  depressed  aiid  curved  for- 
wards; and  the  tonsils  approach  one  another.  Tlie  reverse  of  all  these 
movements  takes  place  during  the  descent  of  the  voice. — A  very  impor- 
tant adjunct  to  the  production  of  the  higher  notes  has  been  |iointed-uut 
by  Miiller,  as  being  afforded  by  the  mollification  in  the  sjioco  iQcIud««] 
between  the  two  aides  of  the  thyroid  cartilage,  which  is  etfect«d  by  the 
thyro-orytenoidei.  He  had  ex  jierimen  tally  ascertained  that  the  intni- 
ductiou  of  a  hollow  [dug  into  the  upper  end  of  the  pipe  beneath  hiii 
artiiicial  latyux  {and  therefore  just  below  the  reed),  by  diminiidiing  its 
aperture,  })roduced  a  considerable  elevation  of  the  tone,  The  actiou  m^ 
be  imitated  in  the  hmnan  laiynx,  when  made  the  subject  of  experiment, 
by  compressing  the  thyroid  cartilage  Utei'ally ;  and  in  this  niiuiner,  the 
natural  voice  can  be  made  to  extend  through  a  range  that  could  other- 
wise be  only  reached  by  a  falsetto. — The  influence  of  the  prefixed  and 
superadded  tubes,  in  modifying  the  tones  produced  by  the  Human  Ibttux, 
hiui  been  foimd  by  Prof.  Mitfler  not  lo  l>e  at  all  comparable  to  that  i*ludi 
they  exercised  over  the  artificial  laiynx  ;  the  reason  of  which  difieraiuw 
does  not  seem  very  apparent    It  appears,  however,  that  there  is  a  certain 

•  It  iB  ponaidered,  howwer,  by  Mr.  Bisliop  I"  Cyclop,  of  AnnL  anil  Phydol.,"  nl.  ir. 
p.  H66),  lliat  the  tucal  ap[iitnitur<  cuD)l>liifi>  ibe  proppitia  df  a  utreldial  curd,  ■  ni«W- 
LmiouR  )il|i»  witb  a  culimiD  »f  air  vibrating  ia  it,  and  a  r»d :  nod  is  the  perfnt  ijf^  <rf 
wbiuli  IhuK  uutrumenl«  lU-ti  u&ty  iniiiorfcct  adaplnljuna.  The  Aulhur  b  uiikble,  fao*rv«T, 
to  deJiiO]  (mm  Mr.  Biahop^ft  provioua  itAt^^mvnta  tlie  grouuilfi  upon  vhiuh  be  aak.^  this 
HSBprtiun  :  aad  doeij  not  undnrsMnd  how  unj  isnriinient  ran  nnDiliioe  the  sntJoiu  of  itrin^ 
and  of  ron^HM,  the  Litb  uf  wh^iw  vitmtioa  arc  su  differpat.  Thai  tlie  ouloms  of  air  ia  (hv 
air-pnA3azE9  it  thruwn  int<^  viljration  cun8cul.inDoax1y  with  the  iimJnction  of  ioiibU  bj 
the  voolI  ouritfi,  ikiij  itit«iiAir]L'&  that  [H>uDd  hy  rvt'ipruoAtk^'iti,  can  pi^anYlj  be  cUfntited  j  bvt 
Iho  ruaaona  previonhly  givco  appear  tt>  Uio  Author  sufficioat  ti>  iliipmve  Uk«  DulHn,  Uul 
thia  vibratJoD  in  at  all  more  eaaeatiiU  to  the  productjon  of  thv  vocal  U/OCf  tiiMJa  il  ia  fco  Uu 
ree(l-pip«  of  an  organ. 
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:igth  of  the  prefixed  tulre — iia  theru  is  a  certain  distance  of  the  Til>mtitig 

iiiiise,  ftiid  IL  certain  length  or  foi'in  of  the  tube  above, — wliicli  is  moat 

iVOiimblc  to  the  production  of  pach  tiote;  and  tlie  downward  movement 

the  whole  vocal  oi'givn,  wliicli  takes-placo  when  we  are  sounding  deep 

tt^s.  (inii  ita  rise  during  llie  elevatioD  of  tlio  tunes,  have  been  supposi.'d 

.nawer  the  purjioso  of  milking  this  ndjustiueTit.  in  Iho  length  of  the 

Thwi;  but  this  requires  the  supposition,  that  tlie  real   length  of  the 

i;li«i  b  shorti-iieil  whilst  it  appears  extended, — for  which  there  seuuia 

lO  founilulion.      It  is  considered  by  Mr,  Wheatstone,  that  the  coluian  of 

ill   the  trachea  iniiy  divide  itself  into  '  harmouie  iengtlis,'  and  iiuiy 

luce  a  reHpTrKittiitii  of  the  tone  pven  by  the  vo«U  ligniuents  (§  77**); 

in  tills  manner  he  coiiEsidcrs  thut  the  falsetto  notes  are  to  be  explained. 

t  may  be  adcied,  i.liat  the  [»i'ti(il  closing  of  the  epiglottis  seems  to  as»i«t 

the  production  of  deep  uotes,  just  as  the  partial  covering  of  the  top  of 

abi<rt  pipe  fixed  to  a  retnl  will  lower  ita  t«ne;  and  that  something  of 

kind  takes  place  during  natural  vocalisiition,  woidd  apjieor  from  the 

tion  and  depression  of  the  tongue,  which  accompany  the  lowering 

W  the  front  of  the  head,  when  the  very  lowest  notes  are  being  sounded. 

experimenla  of  Suvart  have  shown,  that  a  cavity  which  only  responds 

to  a  aUrili  note,  when  its  walls  are  firm  and  dry,  may  be  made  to  afford 

«  great  variety  of  lower  l«nes,  when  its  walls  are  moistened  and  relaxed 

fat  various  degrees.     This  obtiervation  may  pi-ohably  be  a)>])lied  alai  to 

tllc  tnu:hca. 

813.  "Vhe /alielto  is  a  peculiar  modilicatiou  of  the  voice,  differing  from 
the  '  thest  voice,'  not  merely  in  the  higher  pitch  of  ita  notes,  but  alsii  in 
Ihcir  ijiiality;  its  toueti  hring  less  ri-edy,  and  more  like  the  '  haniionio 
lotca'  of  stringed  and  wind  instnimenta.  In  some  individuals,  the 
iCAt-voice  passes  by  imperceptible  gi'adations  into  the  falsetto,  whilst  in 
poUwra  the  trausitiou  is  abrupt;  and  some  jiersons  c«n  »ound  the  same 
lOles  in  the  two  different  registei-s,  these  notes  forming  the  upper  part  of 
Ihe  scale  of  the  cheat-voice,  and  the  lower  |iart  of  the  ialsetto.*- — With 
igard  to  the  theory  of  the  production  of  tlie  falsetto  voice,  there  has 
cnuaiderublu  difference  of  opinion  amongst  Physiologists;  and  it 
lot  be  regarded  as  fully  determined.  By  Hagendie  and  Mayo  it  was 
laintained  that  these  toncji  are  produced  by  the  vibration  of  the  vocal 
'cords  along  only  hull'  their  length,  the  rima  glottidis  being  partly  closed ; 
and  this  explanation  is  consistent  with  the  fact,  that  a  far  smaller 
tjuantity  of  air  is  reijuired  for  sustaining  a  fidsetto  note,  than  for  a  note 
the  ordinary  regist-er,  even  though  they  should  be  of  tiie  same  pitch. 
By  MuHer.  again,  it  is  asserted  that  in  the  production  of  the  falsetto 
not«a.  merely  the  thin  Ixirder  of  the  glottis  vibrates,  so  that  the  fissure 
remains  distinctly  visible;  whilst,  in  the  production  of  the  ordinaiy  vocal 
tunes,  the  whole  breanlth  of  the  vocal  ligaments  is  thrown  into  strong 
nbmtiouB,  which  tniTerBe  a  wider  space,  so  that  a  confused  motion  is 

*  Tbut  \  ^entlemnn  of  the  AdIIiot'ii  vijuiuiiUinra  ku  a  bui  voice  of  a  banh  leedf 
ehirvler,  raoging  fi»ia  the  D  I>e1i>w  the  tuiss  i:li:lf  to  tin  D  abnre  it  (two  octsvea) :  vhiM 
lUB  fftljiBlL'],  whirb  i^  remarkablt  fur  it^  <^l«Aruc.-a8  and  smoutbapsn,  ntngea  frDia  the  A  en 
tlw  higlMvl  line  of  the  baas  cLeff  to  tbL>  E  in  tbe  hi^beat  sjince  uf  tbe  treble  cJeff.  H«Dctt 
tliere  are  fiie  aotes  coninjuu  tu  Uie  two  re|!;urt«re,  nat\  the  cutii-e  luice  istigCB  (hiongh  umre 
Ihui  tbne  ortaves  ;  but  fmni  want  of  n  gnuliml  |<ai:Hage  from  one  tu  the  iitlier,  thie  geutle- 
■uui  ''ua  only  ung  lata  purtii  *ith  Uie  chest- viiiec.  or  slle  jhirtEwiih  his  fabctln,  the  teuur 
n^e  BKt4uding  mbove  the  ruge  of  ono,  uad  l^Jov  thjit  i:if  the  <tlher. 
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aeen  in  the  Ijps  of  the  glottis,  rendering  its  fisiure  indefinite.  It  is  not 
impiiasiblu  that  iiotk  these  doctrines  may  be  correct;  and  th&t,  in  the 
production  of  falsetto  notea,  the  vocal  ligameaW  arc  in  contact  with 
eatli  other  for  jiart  of  theu-  length,  their  thin  edges  onlj  l>dng  in 
vibration  in  tlie  remainder.  It  hus  liecn  pointed-out  by  Mr.  Bishop 
(loc  ctt,),  that  at  the  moment  of  transition  troui  the  '  uLest-voic«~  to  the 
'  iiilsetto-voice,'  the  crieo-thyroid  chink,  which  waa  closed  during  the 
prodiietion  of  tlie  highest  note  of  the  former,  saddenly  o[>ens  on  the  pro- 
duction of  the  lowest  note  of  the  latter;  thus  indicating  tiiat  the  VooJ 
Corda  are  relaxed  in  the  jioHsage  fi'oin  the  one  to  the  other,  as  must  be 
the  caiie,  if,  for  the  production  of  the  same  note,  they  be  only  put  in 
vibitition  along  a  part  of  their  length ;  so  that  it  would  not  seem  impro- 
bable that  the  cause  of  those  differences  in  the  mode  of  trunsitiou  which 
have  been  already  noticed,  lies  in  the  ditterence  in  the  pro{)ortionsl 
unount  of  the  vocal  cord.s,  which  is  thus  thi'own-out  of  use  hy  the  [lartia) 
approxismtton  of  the  two  lips  of  the  rima  glottidia.  It  is  furlher 
remarked  by  Mr.  Bishop,  that,  in  the  (wsaage  from  the  cheat-  to  the 
falsetto -voice,  tho  laryns  descends  from  its  [irevioualy-devated  poeitioa, 
and  gradually  rises  again  with  the  ascending  scale  of  falsetto  not«s;  muI 
ho  mentions  a  case  of  iloutdf. /aUrito.  in  which  a  third  register  existed,  and 
in  which  the  relaxation  of  the  Vocal  cords  and  the  descent  of  tie  larynx 
were  observed  at  its  commencement,  as  at  the  commencement  of  the 
second  or  ordinary  falsetto  register. — An  entirely  different  theory  of 
the  falsetto  haa  been  given,  however,  Viy  MM.  Peti'eijnin  and  Didny;* 
who  consider  that  the  falsetto  notes  are  not  produced  by  the  ribrstion 
of  the  road  cords,  but  are  really  '  flute-notes,'  foriueit  by  the  ribr*- 
tiouB  of  the  c<ilunin  of  air  to  which  the  rimn-glottidis  theu  Ber\-es  as  the 
embouchure.  This  view  harmonizes  well  with  some  of  the  phenomena 
of  the  falsetto- voice ;  but  it  is  open  to  the  objections  alrctdy  btaUid  in 
regard  to  the  flute-theory  generally.  It  may  be  added  ihat  some  b»»6 
attempted  to  show,  that  tho  Msetto  depends  upon  a  peculiar  action  uf 
the  jiarts  above  the  larynx;  but  for  this  doctrine  there  is  no  foundation 
whatever. 

614.  The  various  muscular  actions  which  are  employed  in  the  produc- 
tion and  regulation  of  the  Voice,  are  called-fuith  by  an  impulse  which 
has  been  shown  (§§  542,  547)  to  he  really  aiit/niuitic  in  its  oiientlion,  and 
to  be  completely  under  the  influence  of  guiding  sensations,  nltbi^ugh 
usually  originating  in  a  Volitional  do toriii illation,  or  giving  expression  W 
Emotions  or  simjily  to  Ideas.  This,  however,  has  l)cen  ])roved  to  be  abo 
true  of  nfl  Volitional  iii o vein eu tit;  so  that  the  ])i'oduction  of  vocal  tones 
e<]Ustitutes  no  real  exception.  It  may  be  safely  nfGnned,  that  the  siuple 
utterance  of  sounds  is  in  it«elf  an  Instinctive  action ;  although  the  cuuibi- 
nation  of  these,  whether  iuto  music  or  into  ailicidate  language,  is  a  inntttt 
of  uc<|uirement,  which  is  much  more  readily  made  by  some  individuib 
than  liy  others.  No  definite  tone  can  be  produced  by  ft  Voluntary  effort, 
unless  that  tone  be  present  to  the  consciousness  during  an  intcm) — 
however  momoutary,— cither  as  immediately  prodiieed  by  an  act  of  Sen- 
sation, recalled  liy  an  act  of  Conception,  or  anticipAt»l  by  an  effort  of 
tlie  Imagination.  When  thus  present,  the  Will  can  em>ble  the  musdes  lo 
asanmo  the  condition  requisite  to  produce  it ;  but  under  no  other  circiun- 

-  --  Uu«llc  Ml^dicole,"  1M4. 
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Wnr^s  Jc-'es  tljis  Imjipen,  except  tlirtiugl]  thc|iartictilwmodeof  diacipliae 

'y  whioli  the  congeuitally-deaf  may  be  trained  to  sjieak.      Such  peraons 

ire  debarred  from  Icaniiiig  tlie  use  of  Vnice  in  the  ordiiinry  manner;  for 

W  neceisary  guidance  canuot  be  afforded,  either  through  senafttions  of 

hr  j'rvseut  or  cODoeptions  of  the  {wst,  and  the  imagination  ia  entii-ely 

Instilnte  of  power  tosuggest  thfit  which  bfw  been  in  no  shape  experienced. 

But  they  may  be  taught  to  acquire  ao  imperfect  speech,  by  causing  them 

to  imitacc  partiinilur  muacidar  uiovementB,  which  they  may  be  made  to 

Be;  lieing  guided  in  the  imitation  of  those  movements,  in  the  first  place 

17  WHtchiug  their  own  perfoniiuoce  iif  tlit-m  in  a  hioking-gtaes,  and  aller- 

nud>  by  «tt*'uiling  to  the  musculai'  at n sal i una  which  accompany  them. 

Hilny  insliinces,   indnoil,  are  oli   i-ecord,   in   whieh  persona  entirely  deaf 

Irere  enablni  to  carry-on  11  coiivei-satinii  in  the  I'cpihiv  way;  judging  of 

vftte  said  by  the  movements  of  the  lips  and  touguu,  which  Ihey  had 

led  to  connect  with  particular  syllnl.Jos;  and  i-egulating  their  own 

lid*  in  rei'ly,  by  their  voluntary  power,  guided  in  ite  exeroise  by  tlieir 

itiKuIar  seosatioQB.* 

I  tlu  (un^aj!  aawual  of  tlie  rbyBiulog;  o{  Voiiw,  Uie  Autfanr  has  been  chiefly  guiilcd 

I  rxivlkiit  |iitj>i=3'  b>  Mr.  Wiltin  tu  llii:  "TnuuiniDns  nftlie  CiUDbridi;c  I'liilu»i]iliim1 

i\A.  n,  .  mill  lij  Ilii-  olulnirau-  in lerti^tious  of  MUller  uoJ  his  (Mmiinl.in,  in 

I  in  the  Viiiirih    Iknik   of  hit  Fhyiiulogjr. — Mr.  J.  BiBh.)|i'»  ftrticle  '  Voice,'  iu  the 

VoliiiiH  III  lliin  "  Cyclu)iKilis  at  kaivUiuiy  aai  Phyiinlugy,"  aaj  aba  bo  wItui- 

'  •  KiiuulUil.  I 


'i.—O/  Articulate  SoimuU. 

15.  Ttie  larynx,  as  now  described,  is  capable  of  producing  those  lonee 
ich  Voice  fundamentally  consists,  and  the  sequence  of  which  becomes 
but  S/ieee/i  consists  in  the  modification  of  the  laryngeal  t«nea,  by 
titer  organs  intervening  between  the  Glottis  and  the  Os  externum,  so  as 
3  pn»duce  those  artkulale  sounds  of  which  language  is  formetl.  It  can- 
xit  be  questioned  that  Music  hiis  its  language ;  and  that  it  ia  susceptible 
if  expressing  Emotional  states  of  the  mind  (among  those,  at  Icoi^t,  whn 
tave  been  accustomed  to  associate  these  with  ite  varied  modes)  to  even  a 
dgher  dq^'ee  tliiiD  articidate  sjKiech  (§  Cllt).  But  it  is  ineapubie  of  ad- 
trcssiug  the  Intellect,  by  conveying  definite  idea.'!  of  objects,  proj>ertics, 
LCtions,  itc,  in  auy  other  way  than  by  a  kind  of  imitation,  which  mav  be 
xnnpiired  to  the  signs  used  in  hieroglyphic  writing.  Thej*e  ideas  it  ia  the 
leculiar  province  of  Articulate  Language  to  convey  (§613);  and  we  find 
h»t  the  vocal  organ  is  adapted  to  form  a  large  number  of  simple  sounds, 
hieh  may  he  readily  combined  into  groups,  forming  words.  The  num- 
MtT  of  combinations  which  can  be  thus  produced,  is  so  inexhaustible,  that 
ivery  language  has  its  own  jiocidiar  series;  no  difficulty  being  found  in 
brming  new  onea  to  exjiress  new  ideas.  There  is  considerable  diversity 
in  dilTerent  languages,  ev^en  with  regard  to  the  use  of  the  simplest  of  these 
combiiiationa ;  some  of  them  are  more  easy  of  formation  than  others,  aiid 
these  accordingly  outer  into  tlie  composition  of  all  languages;  wliibt  of 
the  more  difficult  ones,  some  are  employed  in  one  iMiguago,  some  in 
another, — no  one  languAgc  possessing  them  all.  Without  entering  into 
any  detailed  account  of  the  mechanism  required  to  produce  each  of  these 

*  See  Dr.  JaliDHlua«  "On  SGUH&tiun,"  p.  I2H, 


766 


OF  THK   yOlCB  AND  8PEECB. 


simple  sounds,  a  few  goneral  cousiderfttiona  will  be  offered  iu  regard  to 
the  classification  of  them;  iind  the  peculiar  defect  of  tLTticulation,  termed 
Uta/iajneniii),  wiU  be  briefly  treated-of. 

816.  Vocal  sounds  are  divided  into  Vowels  and  Ckmsonimts;  and  the 
dtHtinctive  chttractei's  of  these  are  usually  considered  to  ba,  that  the 
Vowels  are  produced  by  the  Voice  alone,  whilst  the  sound  of  the  Con- 
sonant is  formed  by  some  kind  of  interruption  to  the  voice,  so  that  they 
cannot  be  properly  expressed,  unlesa  conjoined  with  a  vowel.  Tlie  dis- 
tinction may  be  more  correctly  laid-dowii,  however,  in  this  manner; — 
the  Vowel-SDunda  ai-e  ooolinuoua  tones,  inoditied  by  the  form  of  the  aper- 
ture through  which  they  puas-out;  whilst  in  sounding  Consonajits,  the 
breath  suflerti  a  more  or  less  complete  interniptiou,  in  its  paasa^  through 
parts  anterior  to  the  larynx.  Hence  the  really -simple  Vowel-sounds  &re 
capableofprolougatioiLduringaiiy  time  that  the  breath  can  sustain  them; 
this  is  not  the  case,  however,  with  the  real  Diphthongal  sounds  {of  wliieh 
it  will  presently  ap[)ear  that  the  English  i  ia  one) ;  whilst  it  is  true  of  ^ome 
Consonants.  It  aeenis  to  have  been  forgotten  by  many  of  those  who  have 
written  upon  this  subject,  tliat  the  laryngeal  voice  is  not  essential  to  the 
formation  of  either  vowels  or  consonants;  for  all  may  be  sounded  in  s 
whisper.  It  is  very  evident,  therefore,  that  the  larynx  is  not  primwily 
concerned  in  their  production ;  and  this  has  been  fully  established  by  the 
following  experiment.  A  flexible  tube  was  introduced  by  M.  Delean 
through  his  nostril  into  the  phaiynx,  and  air  was  impelled  by  it  intn  the 
fauces;  theu,  closing  the  larynx,  he  threw  the  fauces  inlo  the  different 
positions  requisite  for  produdiig  articulate  sounds,  when  the  ail-  imjtetlcd 
through  the  tube  l)ecanie  an  audible  whis|ier.  Tlie  ex]teriment  was  re- 
peated, with  this  variation, — that  the  laryngeal  sounds  were  allowed  to 
pass  into  the  fauces;  and  each  articulated  letter  was  then  heard  double. 
in  a  proper  voice  and  in  a  whisper. 

817.  That  the  Vowels  are  produoed  by  simple  modifications  in  the  form 
of  the  external  passages,  is  easily  prove<l,  both  by  observation  and  by  imi- 
tative experiment.  When  the  mouth  is  opened  wide,  the  tongue  depreswd, 
and  the  velum  palati  elevated,  so  as  to  give  the  freest  possible  exit  to  the 
voice,  the  vowel  a  io  its  broadest  form  (ad  in  oA)  is  sounded,*  On  the 
other  hand,  if  the  oral  aperture  be  contracted,  the  tongue  being  still 
depressed,  the  sound  no  (the  continental  v)  is  produced.  If  attention  be 
paid  to  the  state  of  the  buccal  cavity,  during  the  pronunciatioti  of  the 
diflerent  vowel-sounds,  it  will  be  found  to  undergo  ii  greait  variety  of 
modifkcations,  arising  from  varieties  of  position  of  the  tongue,  the  checks 
the  lips,  and  velum  palati.  The  position  of  the  tongue  is,  indeed,  one  of 
the  primary  conditions  of  tho  variation  of  the  soimd ;  for  it  may  be  eaoly 
ascertained  that,  by  peculiar  inflexions  of  this  orgun,  a  great  diversity  oif 
vowel-soiuids  may  be  produced,  the  other  parts  reinjiining  the  sutu. 
Still  there  is  a  certain  jiositiou  of  all  the  parts,  which  is  most  favourfthle 
to  the  formation  of  eitch  of  these  sounds ;  but  this  could  not  bo  expre««d 
without  a  lengthened  description.  Tlie  following  table,  slightlv  oltcnd 
troia  that  of  Kem])eleu,  expresses  the  relative  dimensions  of  the  bnool 
cavity  and  of  tho  oral  orifice,  for  some  of  the  principal  of  these;  tl» 

*  Thlfl  aancd  ftt  Ihu  tdhbI  rr  in  smrDelj  oHod  lu  oar  huigoig^  tlioii);!]  rerj  comttoa  IB 
mmt  oTtbe  CoDtininital  tunguea  ;  Ibe  nearest  tLppniMblo  it  itiBnjltiili  ia  the  a  iu/nr.-  hit 
tbis  is  B  itTj  penteptible  lai-diliQitigi],  tcuding  lowudc  tn. 
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the  largest  aize,  and  iixe  others  In  like  propor- 


mett. 

ft 

Saunil. 

SiK 
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opmuijr. 
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u  lu  namr 
u  ill  Ihcnt 
U  111  rfJri 
aa  ill  CDof 
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I 
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1 

s 

I  art  the  sounds  of  the  tiye  Towela,  a,  e,  i,  o,  u,  in  most  Contiiieiital 

guaj  and  it  cannot  but  be  admitted,  thmt  the  orrangeniont  isn  mudi 

I  luvtura]  one  than  that  of  our  own  vowel  srriea.     Thu  EnglL^h  a  haa 

lifi-o  dUtinct  sounds  capablu  of  prolongation  ;* — the  true  brond  a  of  nA, 

tiglitly  modidtid  in/or  ;  tLe  a  oi/iUe,  corresponding  to  lh«  e  of  French ; 

ad  the  a  of  Jail,  wliicii  should  be  really  representt'd  by  an.     This  kst  if 

^mnplesound,  though  commonly  reckoned  asa  diphthong.    In  Kempelen's 

p,  the  oml  orilico  retpiired  to  produce  it  would  be  about  3.  nod  the 

■  of  the  buccal  cavity  4.+    On  the  other  hund,  the  aound  of  tho  English 

[omiiot,  like  thut  of  a  true  vowel,  be  (irokinyed  ad  UlU'im ;  it  is  in  fact  a. 

lA'  diphtliijdg.  resulting  from  the  tmusition  from  a  pemiliar  indeQnito 

Durmur  to  the  sound  of  e,  which  takes  it«  pluco  when  wa  attempt  to  oon- 

Diio  it.     Thti  sound  oi/  or  oi,  as  in  oii,  is  a  good  example  of  the  true 

Kphtbong;  being  produced  by  the  transition  Irom  au  to  e.     In  the  same 

niier,  the  diphthong  ou,  which  is  the  Biune  with  ow  in  owl,  ia  produced 

,  the  rapid  ti'tiniiition  from  the  broad  a  of  u/i,  to  the  oo  of  cool. — Much 

aion  hiis  t&keo-place  as  to  tlie  true  ohonicter  of  i/.  when  it  com- 

i  ft  word,  as  in  yot,  yawl,  ic. ;  some  having  maintained  that  it  is  a 

onaiit  (for  the  very  unsatisfactoiy  reason,  that  we  ni-e  in  the  habit  of 

Biiloyiiig  a  rather  thaji  aii,  when  we  desire  to  firetij:  the  indefinite  article 

p  such  words),  whilst  othei's  regard  it  as  a  peculiar  vowel.    A  ahght  atteii- 

ijon  to  the  position  of  the  vocal  organs  during  its  pronuuciiitiou,  mates 

,  very  clear,  that  iU  sound  in  such  words  really  corresponds  with  that  of 

I  long  (English)  /•;  tho  pronunciation  of  the  word  yawl  being  the  same 

1  that  of  caul,  when  the  lirat  sound  is  not  prolonged,  but  rajiidly  ti-ans- 

aed  into  the  second.     Tho  Bound  of  the  letter  ic,  moreover,  is  reullj  of 

be  vowei  character,  lieing  formed  in  tho  rapid  transition  from  oo  to  the 

iing  vowel ;  thus  toall  might  be  spelt  ooall.  Many  similar  difficulties 

aight  be  removed,  and  the  conformity  Iwtweeu  spoken  and  written 

ngiiAge  might  be  greatly  increoaed  (so  as  to  render  far  more  easy  the 

juirement  of  the  former  from  the  latter),  by  due  attention  to  the  state 

bf  the  vocal  organs  in  the  pixtduction  of  the  simple  sounds. 

818.  It  is  not  very  difficult  to  produce  a  tolerably  good  artificial  imita- 
tiou  of  the  Vowel-sounds.    This  was  accomplished  by  Kempelen,  by  means 
an  India-rubber  ball,  with  an  orifice  at  each  end,  of  which  the  lower 

■  Tbs  Aort  Tflvel  Boonils,  u  a  in  fsl.  f  in  mat,  o  ia  pot,  kc,  ore  not  capable  of  pro- 
on. 

be  ramie  of  muking  s  dvUnniiistioa  ol  Oda  kind  msf  here  be  given,  for  tLe  sake  of 
,  le.      IT  thePbroul  a  bu  Bonoiieii,  the  month  Had  faucea  being  openod  wide,  au^l  ve 
Dtisct  the  oraJ  oriBw  bjr  ilegreen,  at  thu  bbdib  time  alightly  alevaling  the  point  of  tho 
■V'tt^c^  *^  gradnikUy  come  to  the  sound  of  du;  bj  gUII  TnTtber  DoaUicting  the  orifiee,  and 
^n  de[>n»dni;  the  tongne,  we  form-oo.     On  th«  other  h&nd,  in  Huanding  t,  the  tDiigua 
nuBtd  neftrlj  to  the  roof  of  the  month ;  if  it  ho  depressed,  wilhont  the  position  of  the 
I  bcong  altered,  nu  in  givea. 
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oDc  was  attaohc<l  to  a  retiil :  by  mollifying  the  form  of  the  ball,  the  < 
fereiit  vowels  cuulil  he  souncJeil  iliiring  llie  ncfaoii  of  tlie  re«d.     He  i 
eraployeil  a  abort  fimiH^l-likt'  tiibu,  and  obtaiiuxl  the  different  xotmds 
covering  its  wide  opiiiiing  to  a,  greater  or  IcsB  extent.     This  Inst  esperi- 
ruent  haa  been  repeate<l  by  Mr.  Willis;  who  has  also  found  that  the  vowel 
souuds  might  be  imitated,  by  (b'awing-oiit  a  long  stniight  tube  from  titii 
reed.      In  thia  eJtperimeut  he  ai-riveii  at  acurioua  result ;— with  a  tube  of 
a  certain  length,  the  series  of  vowels,  i,  e,  it,  o,  u,  was  obtained  by  gradu- 
ally dmwiag  it  out ;  but,  if  the  length  was  increased  to  a  certain  point,  »^ 
further  gradual  increase  would  produce  the  same  sequence  in  an  invertvdfl 
order,  u,  o.  ii,  v,  i;  a  still  further  increase  would  prodaee  a  return  to  the 
first  scale,  and  so  on.     When  the  pitch  of  the  reed  was  high,  and  the  ]U|>e 
short,  it  was  found  that  the  vowels  "  and  ii  could  not  be  distinctly  tbmiod,H 
— the  proper  tone  being  iujui'ed  by  the  elongation  of  the  pipe  iicfcssarj' l4^H 
produce  them ;  and  this,  Mr.  Willis  reuiarka,  is  osactly  the  case  in  the 
Human  voicB,  most  singers  being  unable  to  pronounce  «  and  o  upon  their 
highest  note!). 

tJlS.  The  moat  natural  primary  diviaionof  theCoiiBoniintfi,  is  intotfao 
wliich  re([uirf!  a  total  stojijiuge  of  tlf  bre«th  at  the  moment  previous  i 
their  being  pronounced,  and  which,  theretbrp,  cannot  be  prolonged;  aod^ 
those  in  pronouncing  which  the  interruption  is  poj'tial,  and  which  caiu  like 
the  vowel  sounds,  l)e  pi"olonged  <iil  libitum.     The  former  have  received 
the  de-signation  of  ej^itnirive ;  and  the  latter  of  afnliniiout. — ^In  pronounc- 
ing the  er/>/-0(n'j!i'  consoniuits,  the  posterior  narcs  ai'e  completely  closed,  so 
that  the  exit  of  air  through  the  nose  is  altogether  preTent4>d  :  ami  the 
current  maybe  checked  in  the  mouth  in  three  ways, — by  the  approximation  i 
of  the  lips, — by  the  approxinmtion  of  the  point  of  the  tongue  to  thai 
front  of  the  palate, — aiidby  theappruximationofthe  niiddleof  the  touf^uoT 
to  the  arch  of  the  [lalate.      In  the  first  of  these  modes,  we  jironounce  the] 
letters  h  aud  p :  in  the  seoond,  d  and  ( ;  in  the  third,  the  hanl  if  and  i. 
The  difierence  betweira  b,  d,  and  i/,  on  the  one  liaiid,  anil  p,  t,  and  jt,*  on 
the  other,  seema    to  depend  on    this; — ^that  iu  the  former    group  thn 
approximating  Burfacea  are  larger,  and  the  breath  is  sent  through  them 
more  strongly  at  the  moment  of  opening,  than  in  the  latter. ^Tbe  «m- 
tiiijimis  consonnnta  may  be  again  subdivided,  aecoi-ding  to  the  degree  of 
freedom  with  which  the  air  i.s  alloweil  to  make  its  exit,  and  the  c-.'m|itv»- 
aion  which  it  conae(|Uently  experienees.      i.  The  fii^-  class  includes  Ihoftft 
in  which  no  passage  of  air  takes-place  through  the  nose,  and  in  wlijch  the 
parts  of  the  mouth  that  produce  the  sound  are  nearly  a[iproxim»t«d 
together,  so  that  the  compression  ia  considerable.     This  Is  the  case  with 
V  and/,  which  are  produced  by  approximating  the  upper  inciBon  to  the 
lower  lip;  and  which  stand  in  nearly  the  same  relation  to  each  other,  w 
that  which  exists  between  d  and  I,  or  b  and  p.     The  sibilant  sounds, 
and  g,  also  stand  in  a  similar  relation  to  eaeh  other;  they  arc  prmlac 
by  the  passage  of  air  between  the  point  of  the  tongue  aiid  the  fr^>nt  of  I 
[Kdate,  tlie  teeth  being  at  the  same  time  nearly  cli^seil.    The  simplet 
sh  is  formed,  by  narrowing  the  channel  between  the  dorsum  of  the  < 
and  the  palate;  the  former  being  elevated  towards  the  latt«T,  Ihrou 
coniuderable  part  of  its  length.     If,  in  sounding  »,  we  raise  the  peitil  of" 

*  For  the  nke  of  proper  camisriHin,  tliia  letter  abnuM  be  jnoiidal  trot  u  bay  bat  itj. 
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tori^e  a  very  littl<^  so  as  lu  toach  tlie  ))al)tte,  tlio  sound  of  t  in 
nivcil:  nnd  in  tlic  same  ninnuer  tl  is  proilu^ed  from  ^  This  cliisa  also 
^cluil<\i  Uie  Ih:  which,  being  a.  perfectly- simple  aouml,  ought  to  be 
n-d  }iT  a  single  letter,  as  in  Oreck,  iustead  of  by  two,  whose  coni- 
itiou  dues  not  really  produce  anything  like  it.  For  produciug  this 
lud.  the  point  of  the  tongue  la  applied  to  the  back  of  the  incisors,  or 
frout  of  the  paliite,  as  in  Booiiding  t  ;*  but,  whilst  there  is  complete 
of  the  tip,  the  air  is  allowed  to  jituM-out  aninud  it. — IL  In  the 
nd  class  of  coiiliouous  oousouiints.  including  the  letters  rii,  n,l,  aud  r, 
I  nostrils  art!  not  closed ;  and  the  air  thus  nndergoea  very  little  oom- 
sion,  even  though  the  passage  of  air  through  the  ortil  cavity  is  almost 
iipli.'tcly  checkud.  In  prouoiiiicing  m  and  n,  the  breath  pAssi<s 
ijugli  llin  nuso  idone;  and  the  ditU'ruuee  of  the  sound  of  those  two 
ety  luuat  be  due  to  the  variation  in  the  form  of  the  cnvitv  of  the 
ath,  which  nets  by  resonance.  The  letter  wi  is  a  labial,  like  i ,-  but 
'  former  the  nasiU  {lUi^dage  isojien,  the  mouth  remaining  closed,  whilst 
:ti'  liitter  the  no^-  is  eutirely  closed,  and  the  sound  is  fot'm<^  at  the 
kmcnt  of  opening  the  mouth ;  hence  thu  [lassage  irom  ni  to  ^  is  made 
Jl  gtisat  Cicility.  The  same  correspondence  exisU  between  n  and  (,  or  » 
y  (the  particuitir  part  of  the  tongue  approximated  to  the  jjalato  not 
[  of  much  consequence  ill  the  pronunciation  of  )i);  and  heuce  it  la  that 
mtlon  from  n  to  I,  or  from  n  to^,  is  so  easy  that  the  combinations 
tiff  are  found  abundantly  in  mo«t  languages.  The  sound  of  /  ia 
1  by  bringing  the  tip  of  the  tongue  into  contact  with  the  palate, 
awing  the  air  to  estape  around  it,  at  the  same  time  tluit  a  vocal 
1  generated  in  the  larynx ;  it  differs,  llicrefore.  from  (h  in  the  posi- 
.  which  the  obstniction  is  uiterjKiaed,  as  well  as  in  the  slight  degree 
Icomprcision  of  the  air  which  it  involves.  The  sound  of  tlie  letter 
nda  on  an  absolute  vibration  of  the  point  of  the  tongue,  in  a  narrow 
ent  of  air  forced  between  the  tongue  itself  and  the  palate. — ill.  The 
.  of  tlie  third  class  ore  scarcely  to  bo  tcmie<t  consouanta,  since  they 
'  merely  lui/iiriitiima  caused  by  an  increased  foreo  of  breath.  These  are 
the  guttural  cA+  of  most  foreign  languages  (the  Greek  j().  The 
is  a  8im)ile  aspiration;  the  second  an  aspiration  modiiied  by  the 
»tion  of  the  tongue,  causing  a  slight  obstructiou  to  the  passage  of  air, 
on  increased  re«on.ance  in  the  back  of  the  mouth.  This  sound  woold 
nine  either  g  or  k,  if  the  tongue,  whiljft  it  is  being  produced,  were 
ieil-up  to  touch  the  jialate.I 
1^20.  These  distinctions  come  to  be  of  much  importance,  when  we 
uiply  iiiirselves  to  the  treatment  of  <lefecta  of  articulation.  Great  as  is 
lie  riunil)er  of  muscles  employed  in  the  proiluction  of  definite  vocal 
lods,  the  number  is  mmdi  greater  for  those  of  articulate  language;  and 
vnrieties  of  combination  wliich  we  are  continually  forming  uueon- 
OHsly  t*i  oureelveB,  would  not  be  suspected,  without  a  minute  analysis 
the  so{>arat«  actions.  Thus,  when  we  utter  the  explosive  sounds,  we 
Uio  passage  of  air  through  the  posterior  narea,  in  the  very  act  of 

nee  it  u  eaitj  to  uniluraland  the  subiititatioii  of  t  or  d,  for  tbo  BnglUh  III,  b; 
EDglish  efi  U  merely  a  otjmbmntion  of  I  witb  lA,-  tliDS  ckiiit£  migbt  be  epelt 


geaorol  clo&ifiestioa  propo&ed  b;  Dr.  X.  HkII  baa  been  here  tidapted,  iritli  tome 
ition  at  to  the  detuli. 
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articulntiug  thp  letter;  and  jel  this  important  movement  commoiilj 
passes  nnolaerved. — We  must  regard  tlie  power  of  formiug  tie  seven] 
ai'ticuJiite  aounda  which  have  lictii  advertt-d-to,  aud  their  simple  com- 
bioatioDs,  as  so  far  resulting  from  intuition,  that  it  can  in  genenil  be 
more  readily  actjuired  by  eai'ly  pmctice  tbnn  other  actions  of  the  same 
complexity;  but  we  tind  that  among  different  Ttiees  of  Men.  there  «sist 
teuiliineiee  tii  tlie  pro<Iurtioii  of  different  sonniis,  whieli,  thoiigh  donbttas 
influfUUtMl  ill  great  degree  by  early  liiibit  (since  we  find  that  children. 
when  fiiTit  lejiiniln^  to  s[m«1c,  fomi  their  habits  of  vo(.>alization  in  gnKt 
d«gree  in  aoconlanpe  with  the  examph-s  amidst  which  they  are  placed), 
are  certainly  also  dependent  in  part  u[>on  congenital  contititution,  as  we 
often  Boe  in  the  case  of  childrtrn  among  ourscK-es,  who  grow-up  with 
certain  peCulinritiei}  of  pronunciation,  not  thus  derived  from  inutstion,  of 
whicli  they  <lo  not  seem  able  to  ilivest  themselves. 

S21.  It  is  in  the  waut  of  [Mwer  to  rmtiliiiif  the  different  moacular 
actiona  concerned  in  vocalization,  tliat  the  defect  termed  Slantnuring 
essentially  consists.  Many  theories  reganiing  the  nature  of  this  impedi- 
ment have  been  jiroposed ;  and  there  can  be  little  doubt  tliat  it  may  be 
attributed  to  a  great  vaiiety  of  escitiiig  causes.  A  disordered  actioii  of 
the  nervous  centres,  miiat,  however,  be  regarded  as  the  proximate  cause; 
though  this  may  be  (to  use  the  language  of  Dr.  M.  Hall)  either  of  eattrie 
or  of  excenlric  origin,— that  is,  it  may  renult  ti-om  a  morbid  conditioQ  of 
the  gangliouic  centre,  or  from  iin  ahiiormjil  impression  conveyed  through 
itfi  afferent  nerves.  When  of  centric  origin  (aud  this  is  probablv  the 
most  general  ease),  the  ]ihottomena  of  Stammering  and  Chotva  have  a 
clone  analogy  to  each  other  (§  71i');  in  &ct,  stammering  is  trequently  ori« 
of  the  modes  in  which  the  dLsovdered  condition  of  the  nervous  system  in 
Clioi'ea  manifeets  itself— It  is  in  the  pronunciation  of  the  Conaonants  of 
the  cxpiiisivfi  class,  that  the  stammerer  e!t]wriencea  the  greatest  diflicnJti. 
The  total  interruption  to  the  breatli  which  they  occasion,  frequcntiy 
becotnis  ijuite  spasmodic;*  and  the  whole  franie  b  thrown  into  the  moBt 
distressing  Hcnii-conViilsive  movement,  until  relieved  by  expiration.  la 
the  pronunciation  of  tlie  cmitimunm  Consonanta  of  Uie  firat  class,  d» 
stammerer  usually  [irolongs  tlieui,  by  a  spasmodic  continuance  of  the  same 
action ;  and  there  is,  in  conseijuence,  an  impeded,  but  not  a  snaiKitdeil 
respiration.  The  same  is  the  case  with  the  I  and  r  in  the  second  olaM 
In  pronoiuioing  the  wi  and  n,  on  the  other  hand,  as  well  as  the  aspirata 
and  vowels,  it  in  sometimes  obsciTed  tliat  the  stammerer  prnlon'gn  the 
sound,  by  a  full  aud  exhausting  expiration.  In  all  these  enses,  then,  il 
seems  as  if  the  muscular  acn.sc-,  resulting  from  each  jiarlicular  combina- 
tion of  actions,  liccanie  the  stimulus  to  the  involuntary  prolongftiion  of 
that  state.  It  is  possible  that  the  defect  may  result,  iu  Aome  insunOM, 
from  niaJfomiatioD  of  the  imrta  about  the  fauces,  pr'Hiucing  an  abaonnal 
stimulus  of  this  kind  in  some  i>articu]ar  positions  of  the  orgaji ;  and  sndi 
cases  iifii/  he  really  beuetited  by  iin  operation  for  the  rcmoral  of  llicw 
parts.  But  the  eliect  of  .such  an  operation  is  certainly  exerted  tn  muBl 
cases  through  the  muul  of  the  patient ;  the  ejii)ectation  of  benefit  from  it 
tending  to  improve  his  command  over  the  muscles  of  vocalization,  whi^ 

*  B7  Dr.  Arnott  this  inlermpljun  is  rDjirEsi^ntvd  lU  Xakiag  pU«  in  Ui»  Urjai ;  I 
HDoh  iH  uot  niuftUy  tbe  mve,  tlie  Aathur  bolierea  tluti  a  little  aHea>liu&  t*  Vb«  TPtif 

j)heii"ineiiii  of  »nice  will  MliafwturDj  [irovr. 


I 


( 


tty   AnnCCLATR  SOUtfDS.^STAMMERING. 


771 


;  enciteint'iil  iilways  im|iiurs;  aitO  thi'  improveuieiit  is  usually 

ifotinl    to   tlie  conlidonoe  which   lie  lias  beuti   Iml   to  feel   in   the 

n«ulL     The  !)]i{;blKSt  ili«turl>ai>ci:  of  tlie  feeliuga  m  sufficient  in   most 

uumerera  to  induce  a,  oomjiluti;  [lerturbation  of  the  vooil  powers;  the 

feiir  that  stammering  will  occur,  pnrtieuliirlv  imiler  circumatiuices 

liick  reader  it  jieculiiii'ly  aimoyiiig,  ia  often  sufficittil  t.i  bring  it  on  in  n 

lispoaeil  subjoct;  and  tbi-  tendency  to  consensu:!.!  iniitution  sometiincM 

«i<nis  rttammering,  in  individunla  (esjiociftljy  children)  who  never  show 

Bliyhtost  teodeacy  to  it  txcqtt  when  they  witnesa  the  difficulty  in 

1^882.  The  method  pioposod  by  Dr.  Amott  for  the  prevention  of  8taiJi- 
g,  ciiD.tista  in  the  connection  of  all  tlie  words  by  a  vocal  intonation,  in 

lamanuor.  that  then?  shall  nuvcr  bean  entire  ftopjiugo  of  the  breath, 
[«  justly  rumtirked  by  Miiller,  iiowevei',  that  altfaouiili  this  plan  may 
aH  Mime  beuetit.  it  amnnt  do  everything;  i^ince  the  main  iuipi>di 
at  occim  in  the  middle  of  words  themselves.  One  important  re ruediul 
ktu,  on  which  too  much  atres*  oaiinot  be  laid,  is  to  study  carefully  the 
chaiuHU  of  the  articulation  of  the  difficult  letters,  and  to  practise  their 
iiinciittion  repeatwily,  slowly,  and  analytically.  The  ])ationt  would  at 
il->  wi<ll  to  practise  sentence's  from  which  the  explosive  comouiuita 
omittod ;  his  chief  ililfioiilty,  ariaiug  from  the  Hp.tsiuodie  suspension  of 
I  expiratory  movement,  being  thus  avoided.  Having  iiiastercil  these, 
may  paas-on  to  otbera.  iu  which  the  difficult  letters  are  s]>aringly 
Jiiccd ;  ail  J  may  liimlly  accuatora  himself  to  the  use  of  ordimiry 
One  of  the  chief  points  to  \<e  aimod-at,  is  to  moke  the  jiatiBut 
I  that  he  lui»  comioand  over  his  niuacles  of  articulation  (§  025) ;  and 
is  beat  done,  by  gradually  leading  hiui  from  that  which  he  finds 
I  ean  do,  to  tliat  which  he  fears  he  camuil.  The  tact  that  stammei-iug 
jjT-'ple  we  able  to  nini/  their  words  better  than  to  gptitl:  them,  has  been 
uBuulJy  explaiued  on  the  siippositiou  that,  in  singing,  the  glottis  ia  kept 
opm.  so  that  there  is  less  liability  to  spasmodic  action  j  if,  however,  an 
h«av  moiutaiued,  the  spasmodic  action  is  not  in  the  laryujt,  but  in  the 
vpJiim  fiolati  and  the  mtiscles  of  articulation,  tlie  difference  must  be  due 
to  the  direction  of  the  attention  rather  to  the  mnacles  of  the  larynx  than 
to  th'.»e  of  the  mouth. — One  of  the  most  iinportaut  objects  to  be  aiiued- 
•t  in  the  treatment  of  stammering,  coDslsta  in  the  prevention  of  all 
Kuiuti>>ual  diiiturliance  in  connection  with  the  net  of  Speech;  ajid  this 
rpr|iiir«i  tliB  exercise  of  the  Voliiut«ry  power  over  the  direction  of  the 
Uioughta.  in  the  fullowiiig  modes :— 1.  To  reduce  mental  emotion,  by  u 
daily,  hourly,  habit  of  tibatracting  the  mind  from  the  subject  of  stammer- 
ing,  butli  while  siieaking,  anil  at  other  times.  2.  To  itvo'id  cradiu/ 
mentnl  (motion  by  attempting  unnecessariiy  to  read  or  speah.  when  the 
individual  in  eoascious  tliat  heslial]  not  be  able  to  perform  these  uctioun 
witbont  greftt  distri'sa  .3,  To  dude  mentJil  emotion,  by  taking  advantage 
of  any  little  artihce  to  escape  from  shimmering,  so  long  as  the  ai'titice 
continues  to  be  a  successful  oue. — Much  may  frequently  be  done,  also,  by 
uuUfiLitulioiiaJ  tnutuient,  ailapted  to  improve  the  general  vigour  of  the 
nervuuA  system.* 

S«  no  Iha  fnibjert  nf  "  SlammBiing  mil  it*  Tre»tnieiit,"  s  naeful  |>Bnii>lili!t  nnderthia 
He,  I'j  9tix.  M«].  Oion.,  18S0:  nnd  Mr.  Bi^hiip'a  trmtiiw  ''  Ud  Anifiulnte  ^uoda,  uul 
\  liii  Ovxuat  and  Cure  of  lEapedinienta  of  Speech." 
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OF   THE   INFLUENCE    OF    THE    KEBVOl'S    BVSTEM    ON    THE    ORCAMC 

FUNCTIONS. 

823.  Of  thu  modea  in  which  the  Nervous  System  influenfca  tlie  Orj;aiiic 
Functions,  a  |^[reat  jjart  huve  been  already  eonaidered ;  for  it  hiis  been  sliowti 
to  be  concerned  in  providing  t!ie  mechanical  condition*,  cither  immediate 
or  remote,  under  which  nlonc  tliose  functions  caw  be  perfornied  ;  so  that, 
when  its  activity  nciwes,  tliey  oiiinot  be  much  longer  miiintiiincd.  But 
the  influence  of"  the  Nervous  System  is  not  alone  iMertivl  upon  ilic  motor 
or  contractile  tissues  of  the  body ;  for  there  is  good  e\-idenc*  th.at  it  Luaj 
a  direct  opemtion  upon  the  moleeulnr  changes  which  constitute  the  funo 
tions  of  Nutrition,  Secretion,  Ac;  and  this  viow  may  he  admitteil  to  its 
fullest  cxt<.'nt,  without  our  being  thereby  led  to  retjard  the  processes  in 
question  as  d'liriiileiit  mxjn  Norvoua  agency. — a  drA'trine  for  wliicli  there 
seems  no  valid  founilation  (Chap.  II.,  Sect.  2).  Throughout  the  Animal 
body,  it  may  be  obsi.'rved  that,  the  moiv  Vegetative  the  nature  of  any 
fiinction,  the  less  is  it  under  the  influence  of  the  Nervous  System,  save 
where  that  influence  is  required  to  bring  it  inUi  harmony  wiih  other 
functions  {§  41),  sometimes  by  ejteiting,  sometimes  by  checking,  and 
sometimes  by  otherwise  modifying  them,  very  muoh  in  the  wav  that  a 
rider  guides  and  eonti'ola  the  movements  of  his  horse. — It  is  evident  that 
this  influence  must  be  principally  exerted  through   the  H^mpatfietie 

Visceral  system  of  nerves,  since  a  large  proportion  of  the  nrijnn*  on  whick 
it  operattss  ai'c  supplied  by  no  other:  and  hence  this  apjiaratiis  litis 
commonly  designated  the  '  Nervou.'*  system  of  orijnnK  life,'  as  distingui: 
ing  it  fi-om  the  Cerebro-spinal  system,  which  is  the  "  Nervons  system 
aniiiuil  life,'  There  is.  however,  no  such  pamllelisra  between  them, 
this  designation  would  imply;  for  whilst  the  ojienitions  of  the  Corobro- 
apinal  system  enseidiallii  wnnlitiile  the  Aiiinml  life  of  the  individual, 
those  of  the  Sympathetic  cannot  be  fiiirly  siud  to  do  more  than  confrof 
and  dinrt  those  of  Nutrition  and  Seci-etion. — We  ehall  now  enqtiiM 
into  the  structure  and  i-elationfi  of  the  Syni)>athetic  Systvmj  and  sboll 
then  examine  the  natnre  of  the  octiona  which  there  seems  rMaoa  to 
attribate  to  it. 

824.  Sympfahftie  Nervoux  Ays/sn*.— That  colleictiou  of  scatt«n.'d  but 
mutimJly-couuected  ganglia  and  nerves,  of  which  this  apparatus  is  iaa4«- 
up.  may  be  ranged  under  the  following  groups  : — 1.  The  isolated  gan^k 
and  nen-es  in  immediate  connection  with  the  Viscera,  which  seem  to  hi 
the  chief  centi-es  of  the  sj^tem;  these  form  three  principal  plexiiM«, 
Careiiac,  the  Soln-r,  and  the  Hypoganlrie.  '2.  The  double  chain  of  Pt*^ 
B&'tebral  ganglia,  with  coiLnectlng  cords,  which  lies  in  front  of  the  Vrr- 
tebral  e*lunm.  and  which  communicates  on  the  one  hand  with  iJic  Spinal 
nerves,  and  on  the  othi^r  with  the  before-named  plexuses.  Unilcr  thi* 
head  we  should  probably  rank  the  niinnto  Cranial  gaagUtt,  which  an 
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Bitunted  in  the  neiKhboiirhood  of  the  Organs  of  Sense,  and  iu  inimeiliate 
iToniiection  with  tlie  hmnchea  of  the  Fifth  [wiir  tliat  jirocyed  to  them  ; 
these  arc  thtj  ophlluiimic,  ut'u:,  sjj/ieiio-/>{ilati/ir.  null  nuliiiuij^illary  ganglia. 
3.  The  i/iiiu/li/i  oji  t/ie  ponterior  ru'iCs  (•(  the  Spinal  nervea;  iiniler  wLith 
head  we  are  pi-obably  to  ra.uk  not  ouly  tlie  Giutseriun  ganglion  of  the 
Fifth  imir,  hut  also  the  giiDglia  near  the  rooto  of  th(i  FneumogaKtric  and 
Glosiio-pharyiigeal  nerves. — The  tnuiks  of  the  Sympathetic  are  made-up 
of  Jitferont  orders  of  fihres;  some  of  these  having  their  central  termina- 
tion in  the  vesicular  matterof  the  Sympathetic  ganglia  themselves,  whilst 
others  are  deriyed  from  the  Ccrehro-spinal  ByHtt^m.  The  former,  which 
are  all  of  tho  '  gehitinous'  kind,"  are  most  abundant  iu  the  great  Viticcnil 
plexuses  i  hut  they  may  be  tiucod  from  the  prevei'tebral  ganglia  into  the 
Spinal  iierves,  |H»i't  of  them  proceeding  to  the  ganglia  on  their  poaterior 
roots  (whence  tibrea  are  given-off  that  mingle  with  theii"  spinal  fibres), 
whilst  another  part  enter  tlie  anterior  roots  and  mingle  with  their 
tihres.  On  the  other  hand,  the  latter,  which  are  of  the  '  tubular'  kind, 
are  derived  by  the  same  cords  of  communication  (these  lieing  commonly 
termed  the  '  roots'  of  the  Sympathetic,  but  heiug  really  commissural 
bands  that  bring  tho  two  Hysteros  into  connection)  from  both  roots  of  the 
Spinal  nerves,  and  pass  through  the  prevertebral  ganglia  into  the  Syxu- 
pothetio  system,  withoiit  undergoing  any  ostensible  change.  Thus  it  ap- 
pears that  the  CQrebro-s|]inal  and  Sympathetic  systems  ijiterpeiieirate 
one  another;  each  having  its  own  series  of  ganglionic  centivd,  and  of 
trunks  connected  with  them;  hut  ooeh  system  trausuiitting its hbres into 
the  trunks  of  tho  othur,  so  as  to  be  periphericolly  distributed  with  their 
mmiti  cations, 

S'25.  The  distribution  of  the  principal  trunks  and  hnxnches  of  tho 
Sympathetie  syatsm  may  be  concisely  stated  as  follows: — I.  Those  of  tlie 
Cardiac  plexus  proceed  chiefly  to  the  Heai-t  and  great  hlood-vesseh, 
whence  they  are  continued,  with  reinforcements  dei'lved-from  other  sub- 
diviaioiiH,  and  with  multitudes  of  minute  ganglia  in  their  course,  ftlong 
the  nimiiicatious  of  the  Vascular  system  throughout  the  body,  embracing 
ihem  OS  ivy  embraces  the  trunk  and  bi'anches  of  a  tree.  Those  of  the 
i'o/ai*  plexua  ai-e  transmitted  in  pjirt  to  the  muscular  walls  of  the  Ali- 
mentary canal,  fi-oni  the  stomach  to  the  lower  end  of  the  colon ;  in  part 
to  the  principal  arterial  branches  given-off  from  the  aorta,  and  with 
them  to  the  liver,  jiancTeas,  spleen,  and  kidneys,  as  also  to  the  testes  of 
the  male  and  the  ovaries  of  tho  female.  Those  of  the  11  j/jmtjo'ilric 
plexnis  supply  the  muscular  walls  of  the  pelvic  viscera,  the  bladder, 
urethra,  vagina  of  the  female,  and  rectum;  besides  sending  bnuiclies  to 
the  bloodveasela  themselves. — 3.  The  branches  of  the  Premrlehrnl  ganglia 
of  the  trunk  for  the  most  jtart  contribute  to  fttrm  the  plexuses  just  de- 
scribed. Those  iif  the  neck,  however,  ftiniish  a  large  supply  to  the  iMirotid 
ai-teiT,  roiuid  which  they  form  a  plexus,  and  also  give-ofi'l>ranchi*i  which 
inosculate  with  those  of  the  Pneumogastric  to  form  the  pharyngeal  and 
laryngeal  plexii-scs;  and  those  of  the  upper  jmrt  of  tho  thorax  givo-off 
branches  which  inonculate  with  those  of  the  Pneumogastric  to  form  the 
pulmonary  plexus.     Of  the  vphllialtrdc  ganglion  (§  Vy2),  the  hranches  are 

•  It  must  be  carefully  Kfjrne  in  minJ,  llint,  allhongli  the  pruper  9jin|uilhetU;  (Ants  ai-o 
all  '  icvlfttinoufr,'  yLt  llint  the  l^^relirii-Sj^innl  8jbL«bi  cimtaiiiR  *  gelntmuaa*  libriwuf  iUown, 
rhicb  lire  Yory  ■iiauJuit  in  ftiiUK  parLii,    (See  Pbini;.  i>»  Gb>.  Put».) 
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distributed,  not  nierely  to  the  iris,  whom^  radmting  fibr^  are  oiade  ta 
contTHct  tLrougli  their  iriHlruuii^nwUty,  an  ;ilreiuly  ux^Jained  (§  757) ;  bnil 
also  to  the  vancular  ajijuuutua  of  tlie  eyelmll.  and  <»peciaJly  u>  the  ctluuy 
procesww,  which  Benin  to  jiossesa  u  aort  of  eivctili;  eharact#r.  The  oCi 
garglioD,  which  coiurouuicdUs  with  the  third  division  of  the  Fifth  pair, 
and  with  ihtt  fj|[)H»<>-|>liHryugi^al,  may  be  conn'dered.  trom  the  duttri- 
butioii  of  Diout  of  its  branches  to  the  tensor  tympani  aud  (.-iivoniflvxiu 
piiluti  niusclce.  as  niinlBtering  to  the  exerciiie  of  the  stase  uf  Hearing,  im 
suniewhiit  the  same  mode  th;Lt  the  ophthidniic  ganglion  aeeitis  to  do  to  tliKt 
of  vision  (5  TMl).  The  S[iheno-|ifvltitine  giiiiglion  (Fig.  'Ji'',/).  whose  txm- 
ijectiona  are  witli  tho  Fifth  luid  the  Fitcial  nerves,  seeme  iii  like  niiuucr 
to  minister,  by  the  distribution  of  its  branches  on  the  mueons  inenibnuic 
of  the  nasiil  eaviiy  antl  the  pnlat«,  to  the  senses  of  Smell  and  Taste  Of 
the  Submaxillnry  gnnglion,  wliich  also  is  ehisfly  connected  with  the  Fifth 
anil  the  Facia]  nerves,  the  branches  proceed  aJmost  eatirely  to  the  Sub- 
maxillary ginncl. — S.  The  tibree  whicli  arise  from  the  ganglia  on  the  |m»- 
tenor  roots  of  tlie  Spinal  nerves  (if  re-ally  belonging  to  llie  Syinpath' 
«y!<tem)  must  be  dintributeil  along  with  the  bmnehes  proceeding  ^m  t 
trunks  which  they  help  to  form;  iw  must  also  a  part  of  those  lihi 
which  are  sent  from  the  [iroper  Sympathetic  ganglia  into  the  roat»  of  tJv 
same  nerves,  a  hkrgc  part  of  them,  liowever,  being  distributed  upon  tlw 
blood-vesBelfl  of  the  Spina!  Cord  itself 

82ti.  It,  then,  it  be  enipiired  wluit  inferences  we  are  entitled  to  dimv 
resjn-cting  the  functions  of  the  Sympathetic  system  of  nervi's,  ^im  our 
knowleilgo  of  ittiAnatoraical  distribution,  we  are  at  once  justified  in  reply- 
ing, that  a  lai'ge  proportion  of  the  Iklusculai-  aiiparatus  which  directly 
ministers  to  the  Organic  functions, — that,  namely,  which  snrrounds  the 
alimentary  canttl  from  the  stomach  down  ward  r.  with  the  gland-duels  whirh 
ojien  into  it.^that.  also,  which  forms  tlie  walla  of  the  bladder  and  nUrms. 
of  the  urett-rs  and  fallojiian  tubt-s. — luid  that,  too.  which  govemft  the 
diameter  uf  the  blood-vciwels,— recBiria  no  other  nvrvaiu  gaj^ily  ;  «nd.aoii- 
scquently,  that  of  whatever  motor  influence  these  purtK  may  receiTe  frMU 
Mental  states  or  from  ejtcitation  not  ajiplied  ta  theuselvee,  this  atalaiu 
nerves  must  bo  the  channel.  The  Rame  may  bo  aaid,  too,  in  rpgand 
that  greater  portion  of  the  Glandular  apparatua,  which  is  exclusirdy 
supplied  by  the  Sympntlictic  nerve,  and  chiefly  by  the  plexnsett  that  em- 
brace ita  blood-veasi'la ;  nince  any  snch  alterations  in  its  rate  of  activity, 
or  in  the  eliaracter  of  its  products,  us  depend  ui>on  conditions  of  Mind,' 
can  be  brought-about  through  no  other  instrumentiility. — It  i«  not  * 
little  remarkable,  howevci',  that  those  [lortious  of  the  Muscular  apfAnOu* 
(if  Organic  lite,  which  moat  obviously  exhibit  in  their  action  the  influence 
of  the  Nervous  system,  both  in  their  rtspondeuce  t«j  cmotjonkl  stafav, 
and  in  tlieir  'symjiathy'  with  di-stiirbunee  in  other  functions, — nainetrtb! 
Heart  antl  the  Stomach, — derive  a  considerable  part  of  their  nnrvoiw 
Hiijijily  directly  frtim  the  Cerebro-spinal  system.  And  it  ia still  mora  sig- 
nilicant,  that  itiost  of  those  tilands  whose  function  is  occasional,  am) 
whose  states  of  activity  are  most  obviously  influenced  by  nfioetiiona  cdTlk 
Mind,  are  a|iecially  au[iplied  by  Oerebro-Hpinal  nerves,  in  nddittun  to  tbe 
Sympathetic  plesiises  which  they  receive  on  the  walls  of  their  bl< 
vessels:  thus,  the  IjK-hryuial  and  Salivary  glands  ai-e  supjdini  witk 
'-'■'*' '    '■■     ■   '    ufrviis;    the    Majiunary    glandt    bjr 
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nohes  »f  the  InWiwatalu  ;  iind  tlm  i  iiuti-if  (/Imnlulo?  by  Hiu  Pnemiiu- 

a-ii'.      It  cuiiii'il,   l.ut  be  d.;eni'id   tiitfiLly  pnibiililc.  then,  I'rum  tliw  cii-- 

inixtjuiw  iiliiti-,  llmt  tlie  intlufiiL'e  of  nicmtal  staUw  ii]ion  tlio  lunutiou 

Ut"  Socrt'lion  miiy  In;  exeitt.-!!   through   the   nerves  of  thti  Cerebro-Bpiuul 

Y»bMu,  us  well  as  through  those  of  the  SyiufuithoLic. 

1*27.   It  tuiu*  U>  ill  virtue  of  the  connectioua  of  the  Syni pathetic  witli 
be  C>Tebro.3piiuil  ayslem,  that  the  parts  which  are  aulely  supplied  with 
twirriw  from  the  former,  are  atpablo  of  tmnsuiittirig  seiwory  impressioiia 
«•  tho  Scusoriiim.     It  is  true  that,  under  oiiiijiary  circtinistances,  these 
luv  insensible;  that  i»,  iinpressiuns  muile  upon  theiu  do  not  travol 
Pnw«r<t]4  through  the  Spinal   Cord   to  the  Encephalon ;   but  their  sbubi- 
bility   is  acutely  inanifesteil  iu  morbid  aljites,  in  wiiich  the  inipresHioua 
ni    to   be   propagated   further   than  usual,  in  iirtue  of  their  gi-eater 
BCy.     That  it  b  the  office  of  the  gaugliu  on  the  roota  of  the  SpiuiU 
lo  "  oiit-off  seii*»tioii,"  that  is,  to  prevent  the  furtlier  traosmisaion 
rw-ti*i>rj'  imjiressious.  ia  an  old  doctrine;  aud  there  seema  mucli   n!0«on 
lieli«ve  tliat  thi»  may  be  effected  by  the  free  oommuniiMtion  between 
bae  fibre  and  another,  which   is  estiiblislied  through  the  vesicular  Biib- 
nupo  of  a  ganglion,  so  that  the  whole  force  of  ordinary  impreaaions  ou 
narve-fibr-i*  ia  h.vat  in  diffusion  among  the  rest  of  their  contents.     The 
Jiir  principle  Heenis  to  a|>ply  to  tho  motor  filires ;  for  there  are  vases  which 
»w  that  when  tibres  ob^'io^sly  bolonpng  to  Cerobro-splnal  nerves  pass 
jiraiigh  Syiaiiathetic  ganglia,  they  do   not   so   rapidly   or  so   surely 
tnstnit  motor  impulses,  as  when  they  have  no  such  relation  to  ganglia." 
8S8,   Although  it  is  not  easy  to  (ibtain  deliMite  evidfneo  of  the  influ- 
of  the  Sympathetic  system  ou  Miuicidnr  CoiiJnuyl'uiii,   since   this 
nfluence  is  eTtinguinhed  within  a  short  time  afU^r  death,  yet  it  has  tieen 
ftbli^hed  by  the  elaborate  researches  of  Frof.    Valentin    and    others 
■  Sli,  240,  S.IS),  that  oontmctionsof  the  varioiia  muscular  pirtB  supplied 
lite  three  great  Viscenil  plexuses  may  he  excited  by  irritation  applied 
I  tht'ir  nerves  aud  ganglia.      But  Prof.  V.  has  further  shown,  that  tlie. 
•tno effects  mjiy  be  produced  by  initating either  the  Prevertebral  ganglia, 
'  thp  cords  of  commuaieation  with  the  Spinal  ueri-es  which  have  been 
aetinie*  called  the  "roots'  of  the  Sympathetic,  or  the  roots  of  the  Spinal 
reH  themselves.     It  results  from  Ills  iuqulriea,  that,  although  any  par- 
eular  division  of  the  Symjiathetic  nerve  nnist  be  reganled  aa  extremely 
aai]>lex  in  its  relations,  deriving  its  motor  iibres  from  many  different 
3,  the  ultimate  distribution  of  these  fibres  ia  sufficiently  simple,  ao 
tt  each  organ  is  definitely  supjilieil  fi-om  a  cei-tain  pai-t  of  the  Cerebro- 
pin&I  axis.     But  the  fibres  proceeding  from  the  roots  of  the  Ceit'bro- 
al  iicrvea  do  not  pass  into  the  jmaresC  organa,  being  transmitted 
gll  three  or  more  of  tlio  prevertebral  gauglia  of  the  Sympathetic, 
bra  reaching  their  ultimate  destiuatioa;   thus  the  motor  fibres  of  the 
Jiuc  plexus  are  principally  derived  from  the  cervical  [lortion  of  the 
piunl  CiJiil,  those  of  the  solar  plexus  from  the  thoracic  region,  and  those 
the  hypogastric  plexus  from  the  dorsal  region.     So,  again,  we  have 
that  the  dilatation  of  tho  Pupil,  which  immediately  depends  ou  tho 
Qtality  of  the  SymiMithetio  nerve,  is  calleil-fortli  also  by  irritation 
rtbs  roota  of  the  Spinal  nerves  in  the  cervical  region  (§  757). 
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S29.  It  can  only  he  ttirough  the  Nervous  System,  tliat  the  Muacalu* 
iippai'atua  of  Organic;  life  in  acted-upun  by  9tates  of  Mind.  Althoagh  no 
exertion  of  the  ii'ill  c&n  produce  any  ellect  upon  any  part  of  it,  yet  there 
are  vnrious  organs  whose  nmsculw  walls  are  inlJuunced  ou  the  one  hftnd 
by  Einotioual  states,  aud  on  th«  other  by  the  state  of  Expectimt  Attcutiou. 
The  Heart  sympathizes  so  much  with  the  cuiotioua,  that  the  laD^runge  of 
almost  all  civilized  nations  refers  to  it  as  thcJten^  of  the  '  feelingii'  (§§  33B, 
^39) ;  hut  we  hitve  aa  yet  no  certain  evidence,  whether  this  iuilueoce  is 
transmitted  through  the  Sympathetic  or  through  the  Piirumogastric 
nerve.  The  former  secma  the  more  prol>able  channel,  when  we  bear  in 
uiind  that  it  can  be  through  the  Sympathetic  alone  that  those  alteratioua 
iu  the  diameter  of  the  blood-vessels  take-plaee,  which  give-i-ise  t«  iho 
hltish  of  modesty  or  shame,  or  to  the  pallor  which  alternates  with  this  in 
many  states  of  mental  agitation.*  So,  again,  the  influence  of  Emotional 
atjitus  is  strikingly  maaifej5ted  in  the  production  of  the  peculiar  turgesc«uce 
of  the  Erectile  titwufs  (§  282) ;  and  hei'e  we  have  a  striking  example  of 
the  uttiT  powerlessncww  of  the  Will,  in  the  well-known  fact,  that  no 
amount  of  sfxuul  dftiirt  will  produce  erection,  if  the  mind  be  |Mi^tenBsd 
with  any  feeling  of  doubt  or  apprehension  aa  to  the  existence  of  tho 
aeJtual  abifit;/.  The  niuscidar  walb  of  the  AJimentwry  canal  $com  fre- 
quently to  be  esciti'd  to  increased  action  by  agJtatiLg  emotions;  but  it 
maybe  doubted  howfartliis  is  a  primary  effect  of  the  mental  state,  or  how 
far  it  is  consequent  upon  the  influence  of  that  state  upon  the  Seoretioua 
poureil  into  the  ninal  (§  832). — The  influence  of  the  state  of  tirpe<t<tnt 
Mtsntimi,  as  of  tlie  emotions,  is  strongly  manifested  in  the  cbac  of  Ui« 
Heart;  the  u4:tion  of  which,  as  Sir  K.  Holland  Las  remarked,  "  ts  often 
(quickened  or  otherwise  disturbed  by  the  mere  centering  the  consciousncM 
u[ion  it,  without  any  euiotioii  or  anxiety.  On  occaiiious  whcrw  its  lienta 
are  audible,  olaervation  will  gtvu  proof  of  this,  or  the  physician  can  veiy 
often  infer  it  while  feeling  the  pulae ;  and  where  there  is  liability  V) 
-irregular  pulsation,  such  action  is  seemingly  brought-wn,  or  increased,  by 
the  effort  of  attention,  even  though  no  obvious  emotion  bo  preBeut."t 
There  can  be  no  doubt  that  the  movements  of  the  lower  part  of  the 
Alimentary  Canal  are  capable  of  being  affected  in  a  similar  nianuvr^siiuv 
we  may  frequently  ti'ace  the  rapid  descent  of  the  l^cal  mass  iiitii  Um* 
rectum,  when  we  expet-t  tu  be  shortly  able  to  discharge  it;  and  it  is  in 
great  |)art  iu  tiiis  mode,  that  luihit  ojierates,  in  producing  »  readinea  for 
defecation  at  particulai' times,  and  that  bread' pills  and  other  supposititimtt 
purgatives  miloa<l  the  l)Owela.J 
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*  The  pallor  of  titrpme  fear  "f  terror  ii  prolwbly  due  ralhw  to  a  >U.I« 
8;ai;u|>u.  nrising  fruoi  a  pnrtinl  fnihirc  uf  the  Heart's  ftotion. 

t  "  Clidptem  ou  Meiitnl  Phyaiology,"  p.  IB. 

t  Tbe  Aalliiir  nifty  meullun  llic  twu  fuUnving  ciwai,  whirh  lisie  bUua  irithin  his 
kao«l«dge,  itb  t:aTiuii4  UlutftnttioiiB  of  tbc  mttaf  Qce  uf  lueuiA]  EtAt^  apuu  lite  moTnoflSl* 
(if  rJiQ  aJimealAr;  uaoul. — Tho  ^Bt  u(  thi^M  iK^i'urretl  iii  thu  ju^rHoti  i>f  a  titerarj  malk,  ft  a 
souiiiK'liBt  hypuclioDili  i:u^  tcmiierBiiiciit,  who  bud  lieeo  imihled  witli  rantioiuJ  eO(<l»- 
aii»,  for  Hhlvb  he  luul  l>e<^ii  ni^cigtuiiieij  to  take  hd  npciii'Dt  pill  itaily.  Pinding  tliallU* 
iwwhI  to  have  itu  usual  ed'cot,  and  being  fcurful  of  iDcreiuiDg  biA  r^ffulor  duw,  hu  ajiplliA 
for  ndiioc  Id  n  priurlitioucr,  wbo,  bnviug  hid  furmer  t>|icneni:«  uf  whikt  Mciital  agaai7 
iilona  noald  dii,  detenuine.!  tu  try  its  eHei^t  in  tliia  initjuiDe.  Smting  bb  [Atirut  tcfnn 
liim,  K'itb  the  Abdomen  nocovervd,  he  dei^irid  him  to  fii  hifl  attpoiJ^tD  ioU^ntly  ^\tt.\B  hia  I 
iiljdoiiLiiial  BDQaaCittaK,  aod  AMBored  him  tfant  in  n  hfiurt  luue  he  vaji  i^uito  eertaiu  Uial  b*  ' 
would  beglu  tu  (nii  a  ui<ivenivDt  iu  his  IwwsIb,  wliii-h  would  oad  in  a  eopipui  ci*e<uliM. 
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HrtS().  N(i  exferimuntnl  eritleuee  had  yet  Ijeun  obtaincJ,  tLftt  the  yriijjeT 
RRtm  of  tlu!  Syini«iOu:tic  System  have  any  power  of  exciting  luuscului' 
IfKwtRM.'tion,  or  tliut  its  giinglia  am  sci-ve  as  (■-CDtrei  of  rcUex  o^^tiou  to  the 
Nirgims  whicli  tliey  snjiply-  on  the  contnuy,  it  i«  quite  certain  tbat  the 
I  {puit*liA  in  till?  |K)sh.<rior  roots  of  tbe  Spiiiol  tierves  have  no  siioh  endow- 
Luriit.  Aud  aa  sJI  tlie  fjicts  wliit'h  have  beeu  supposed  to  intlioite  the 
[utiateace  of  aucli  a  power,  may  be  otherwiae  ex]>IiLibed  in  ftccorilanco 
I  witli  our  fundamental  doctrine  (J5  .'i(j-y7.  341-:;43),  tliere  seeius  to  be 
t  tio  gTound  wlmicver  for  the  ustuiuption  of  its  poBsessiim  by  thwepai-ta  of 
Itbn  iippunttud. — If,  then,  the  ncnavA-iiuilor  endowments  of  tlie  Sympu- 
Ithr'tic  Inmka  be  restricti^d  to  those  (ibi-cB  whith  ui-e  really  Cerebro- 
r«])iiuit  in  tlieir  origio  or  terniinatioa,  it  remains  to  inquire  what  are  the 
fuiirlious  of  those  <nie  Symjiiilliutic  tiljres,  whose  vesiculiir  centimes  lie  in 
iW  ^nj;lta  of  t)io  Syrapathotic  system.  Upon  tliis  ]X)int  we  can  only 
t  •urnii^' ;  l>ut  there  appoiirs  strong  ground  for  the  couoliiaiou,  that  the 
■■cc  >>f  thi-^e  libres  id  to  pi'oduee  a  direct  in^iieitce  upon  the  vhemico- 
HBfat  [iniiesses  com-emed  in  the  Organic  functions  of  nutrition,  secretion, 
I  Ac;  an  iiiHuence  wUicli,  ultliongh  not  tsaential  U>  the  perfomiunee  of 
LmdL  '•ejHii-aUi  act,  may  yet  be  required  to  harmoni/e  theiu  all  together, 
I  RBil  to  bring  them  into  connection  with  lueotol  states. — That  the  Nervoua 
ri^ywtcni  does  exert  such  &d  agency,  will  be  presently  shown;  and  reasons 
Flwve  nlready  been  assigned,  for  regarding  the  Symputhetie  fibres  aa,  in 
I  ovrtoin  cases,  its  only  possible  channel. 

I  831.  Tumiug.  now,  to  the  C'erebi'o-spinal  system  of  nervea,  wo  find 
[  Uwt  tint  extrcirte  of  a  p>werfnl  influence  by  the  Pnoomogastric  nerves, 
I  *>*er  the  SBcretlon  of  Cin.>jtric  llnid,  seems  to  bare  beeu  conclusively  estab- 
I  liahtni  by  the  esj^rinienttil  re.M^i"chc3  formerly  i^'ferred-to  (55  K'l,  IC-)i 
I  tJtEse  ut  tlie  same  time  no  less  clearly  proving  the  fact,  that  the  ^^ecreting 
I  |irr>aei«  is  liwenti.^Uy  independent  of  nervous  influenoo,  whi(;h  e.\crti 
I  nothing  more  than  a  rcjnUuivt  control  over  it  (§  103).*  The  recent 
Baxperiments  of  Ludwig,  made  with  a  view  to  determine  the  influence  of 

I  H»biniwlf  did  outliing  but  look  Bttadilyat  lii»  pslaent,  ivitli  iin  nir  of  great  liotennluiitioii 

I  loJ  r-^Dli'lFUtie.  nml  poiat  his  linger  at  the  abilumeu,  moving  it  aluug  tUi;  nrvh  of  tho  colon, 

httA  Vta  U  Irtrt'l  tii  ttie  course  of  the  iiiDTolutli'liH  "i  tbt  snuill  jnti^iitilice,  fo  ae  to  ud  tliE 

UftliaBt  In  liiiug  Lis  AtteDtioD  upjn  itiem.      In  u  ahurt  time  the  t'xpeok-ii  uioveiQ^DU  'Kin 

FbI^  And  4  oif|ri^uii  eTAi^uatiun  Bi>on  fo]]jVk?il^  aatl  fur  flome  timo  afternnrds,  th^   Ix^wela 

I  nntiiini.ll  lo  let  tretl;  without  loeJieine.  — In  the  ather  case,  n  Lecturer  at  a  |iul>lic  loKti- 

[  tntioD  waa  iwiied  with  a  slr»iijt  iiDpulM  to  defecation  daring  bis  leotnre ;  ]Uid  wss  grealljr 

[  iii(miTcriii^iicv<l  bj  the  tffort  oticee^fary  t^  nstrain  it.     Bcfure  overy  iiuhs^aoat  lecture  in 

\  the  •&me  place,  the  same  iuipul&e  returned  ur>oa  him,  notirithBtajiding  that  he  might  have 

—  ■    'v  unluided  his  lioupda  rt«;»here.      In  this  case,  tliere  wna  oh?iously  a  Blals  of 

Iin  combined  »ith  ihe  niuijiln  aiilicipatiou ;  but  the  iiiflueare  of  tho  latter  is 

,.  [he  fact,  that  in  no  other  place  did  this  iudividoal  eiiwrience  th«  impnlbe  in 

r  i|u«tion  under  the  like  cirrumetaiicuH. 

I       *  ll  la  riiuiArkftble  that  exiieriineators  so  aceurate  as  Bidder  and  Schmidt  Bhonhl  bare 

I  nm  beou  le<i  \a  douhl  bj  the  cesuttA  of  their  eijieriiaenU,  uhcthor  llie  PLeuuDgaslrio 

Vtorta  rtny  induence  on  the  G.-utric  st^irretioa  ;  Mince  tSej  did  not  had  that  any  greater 

\  ^tcr»tion  tuok.plaoe,  either  in  the  quantity  or  the  quality  of  the  grt^ric  fluid,  in  the  eAB<.> 

t  af  Aiurdi^  in  vhoM  Momaclis  a  Ustuloua  oritice  had  been  ealahlishoii,  than  might  be  fairly 

f  MUilinted  to  tho  thock  occasiuued  hy  the  Kvtrity  of  the  oiieration.     (See  their  "  Vor- 

[  daaiiDf^suifte  uud  StoffiveehBel,"  pp.  t>0-l(T.)     By  Vulkmann,  moreoTer,  it  in  affirmed  that 

Uir  bi&uchtw  uf  the  Fuenniog'.LBtric  diatributed  on  the  Ht«ntach,  really  fjonsiat  of  Sympa- 

thetir  filameutB.  which  arc  fouud  tu  coantitute  a  larger  and  linger  proportion  of  it,  llie 

I  tuillief  it  i"  i^Minilnei!  from  ila  point  of  exit  from  the  Cranium.      (Sec  Wngnci'a  "  [[and- 

H^^Hkad^kp  rhysiok^ie, "  hand  ii.  p-  £81.) 
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the  nerve-force  upon  the  Bnlivarj  swretiun,  seem  to  justify  •  lilcv  coa- 
climioD  in  regard  to  it  For  lii-  hiLi  found  tliat  Boctiim  uf  the  Faeud 
nerve  entirely  sDR[>eiid!(  the  iiecrotion  of  the  Parotid  glfunl,  save  in  so  far 
lu  this  in  ke])t-ui>  by  the  indirect  action  uf  the  Fifth  [lair  and  of  the 
OI(iHSO[ib)uyii^eaI,  thriiugh  the  atimulus  afl'orded  by  the  luove-meiitB  of 
masCicatiiiu  imd  deglutition ;  whilst  the  secretion  of  the  Suh-niaxillaiy 
gland  ii  auspended  l>y  section  of  the  Fifth  and  Facial,  this  being  a  dirtwt 
result  of  the  withdrawal  of  nervous  indueni«.  and  not  being  merely.] 
dependent  n[>on  the  absence  of  tlie  Bttiiiiiliii*  uflorded  by  the  onntmotiaiil 
uf  the  )uljfu.'ent  muscles.* — It  tieeniB  ]>rut>iib[e  from  these  ei(]>eTTiiienfe^ 
Biid  from  the  phenomena  to  bo  pnawntly  adduced,  that  tliogf  Dccrrting 
processes, which  {from  being  concpnial  In  somu  oocaaional  or  intermi 
fiiuetioii,  instead  of  fornting  jwrt  of  that  general  system  of  Excretory 
actions  whoM  uninterrupted  continuance  is  essential  to  the  maiutenaniwl 
Iff  the  normal  purity  of  the  blood,  §  381)  only  t^ke-place  at  oertaia 
times,  or  in  consequence  of  definite  excitoiita,  are  colled  into  activity  by 
the  instrumentality  of  the  nerves  which  supply  their  reajiective  Glands. 
And  tkei'e  are  vtuious  Pathological  phenomena,  which  imlicato  that  it  is 
by  Neo^ous  influence  that  the  miicirtm  secretion  covering  the  membrane* 
is  caused  to  be  regularly  formed  for  their  protection ;  fur,  wheat  thia 
influence  is  iuternipted  by  paralysis  of  the  nerves,  and  the  secT«tdon  is  no 
longer  supplied,  the  membrane,  losing  ita  protection,  is  irritated  by  the 
air  or  tlic  fluids  with  which  it  may  be  in  contact,  and  ]iai«e8  into  au 
iullummtitory  coutlition.  ThiH  is  partly  the  explanation  of  the  fiict,  now 
well  oHcertaiued,  thiit  the  eye  is  liable  to  suppunkte  when  the  Fifth  pair 
has  been  divided  ;  and  also  of  the  fi'equent  occurrence  of  disease  nf  the 
mucous  membrane  of  the  bladder  in  paraplegia. 

832.  The  influence  of  particular  condition*  of  the  Tkfind.  in  exciting, 
Buspending,  or  modifying  various  Seeretiona,  is  a  matter  of  daily  expe- 
rience. The  Lachryiiud  eecretion,  for  example,  which  is  contiuiially 
being  formed  to  a  small  extent  for  the  pur|)ORe  of  bathing  the  surf;icc  of 
tho  eye,  is  poured-out  in  great  abundance  under  the  moderate  excitement 
of  the  emotions,  either  of  joy,  teiidcmcss,  or  grief.  It  ie  checked,  how 
erer,  by  violent  emotioii.H ;  hence  in  intense  grief,  the  tears  do  not  flnw ; 
and  it  is  a  well-known  indication  of  moderated  sorrow  when  the  gush  takes 
place,  this  vciy  act  ofi'ording  a  further  relief  (§  624),  Tiie  flow  of  .Sii/ito, 
nipiju,  Li  stimulated  liy  the  sight,  the  smell,  the  taste,  or  even  by  ths 
lJioii(//il  of  food,  especially  of  such  us  is  of  a  savoury  character.  Ou  tlia 
other  tuuid,  violent  emotion  may  suspend  the  salivary  secretion ;  as  it 
shown  by  the  well-known  test,  often  resorted-to  in  India,  for  the  ilit- 
oovery  of  a  thief  amongst  the  servants  of  a  &mily, — tliat  of  compelling ' 
all  the  parties  to  hold  a  certain  (jusntity  of  riwi  in  tlie  mouth  during  » 
few  minutes, — the  ofi'enilor  being  generally  distinguished  by  the  com- 
parative dryness  of  his  mouthful  at  the  end  of  tho  experiment.  There  a 
much  reason  to  believe  tliat  the  secretion  of  Gastric  lluid  is  affe(it«dt 
iu  the  same  manner  as  that  of  the  salivii,  by  the  impressions  uiad«  by 
food  upon  the  senses;  for  it  has  been  ascertained  by  Bidder  and  Schmidt 
(Op.  cit  p.  35),  tliat  it  is  copiously  effused  into  the  stomachs  of  dogs  iiM 

'  Pui  the  vvr;  ini^DioDa  exi^riaiHOt*  by  ahich  theee  pnuil«  Iutii  bmn  dct<!niiliied  bj 
Iiudwig  uiil  bia  WNiatnnU,  Ilu<:h«r  null  Roliii,  nee  "  Mittli(rilua|i:cii  ilcr  Kllivb.  KMm. 
Ouicltochift,"  Nil,  60,  nnc[  "  ZBiMfhrift  fur  nil,  M«L,"  N.  R,  band  i.,  |ip,  i55-S9t. 
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been  kept  fiksting.  when  llcsh  or  Huy  other  uttrnrtive  food  is  jilatied 
Uiom.  That  the  feeretiou,  on  the  other  luuid,  is  entirely  susiN^iid«l 
[Mivcrful  iiientAl  (^motiou,  sl'iiuls  atuio«t  uerhuii,  IVom  the  wi^ll-kiiown 
Hn'mci*  which  this  lias  iii  dissi] Biting  the  njiprtiti'  fur  t'i>oJ,  luiil  iii  nan- 
iJiiiK  tie  digestiTe  proceas  whtu  iu  active  operation.  Aa  a  cheurliil 
vf  faelitig,  on  the  other  biuul,  seems  to  tie  deciderlly  tavoiunl^le  to 
formoDce  of  the  digestive  liinction,  it  proliably  eiei-ta  »  hcneficiul 
UHiiiH.',  OS  tu  btitb  qiuuitity  and  quality,  on  the  sacretiou  of  gnstrii;  lluid. 
f  t)ie  iuflaence  of  uieutol  stutui  on  other  secretions  concemt'd  in  the 
iucttoii  nud  iip[>ropriatii)ii  of  the  food  (sueh  aa  the  Biliitty,  PfUK^eatiu, 
i  Iiitt^iual  lliiiils),  neither  obacrvation  nor  oxperimeut  luta  its  vet 
any  salisliK-tory  iufunnntion.  It  ia  a,  jirevalent,  and  jicrhsps  uirt. 
founili'd  opinion,  that  melancholy  and  jiadousy  have  n  tendrnoy  to 
the  qiiantity,  and  to  %'itittte  the  (jinility,  of  the  BHuirij  fluid. 
|M  the  diaonlLT  of  the  orgiinic  functiou  ts  nion>  commonly  the  souree 
Um  former  emotion,  thun  its  conacqueDLi* ;  hut  it  is  certain  that  the 
idtili^nnce  of  theae  feelings  produces  a  decidedly  mortiilic  uffect  by  di»- 
Ming  the  digestive  processes,  and  thus  reacts  upon  the  nervous  system 
Inifsuiing  its  healthy  nutrition.  A  oopious  secretion  oi  j'trJid  gag 
it  nufm^uently  takea-place  in  the  intestinal  canal,  under  Iho  influeuce 
miy  diituriiing  uniiition  ;  or  the  nana!  ft^iid  gei^retiont  from  its  walls 
L>  similarly  disordei-e^l.  The  tendenwto  Defeciitiou  which  L*  commonly 
cited  nnder  such  circnmstoncea,  ia  not,  therefore,  due  aiinply  to  tJie 
xatton  of  the  sphincter  oni  (as  commonly  siip]H.iseii) ;  hut  is  pnrtly 
ii{ivndenC  on  the  uniiNually-atimuluting  chtLractcrof  thefntccs  themaelveu. 
le  same  may  Iti  saiJ  of  the  tendency  to  Micturition,  whict  is  expe- 
lOed  under  similar  eontlitions;  the  change  in  the  character  of  the 
rmf  becoming  jiereeptiMe  enough  among  oiany  aninial^,  in  which  it 
inires  a  [wwerfully-disagi-eeahlo  odour  under  the  influence  of  fear,  and 
LUa  answers  the  purpoai-  which  is  effected  iu  otliers  by  a  peculiar  socro- 
lon.  The  lialUun  J'nmt  tiie  l/ungf  is  sometiinea  almost  instantaneously 
:l  by  had  news,  so  as  to  jiroduce  fretid  breath.  The  odoTiJ'crmta 
-ioa  of  the  tikin,  which  is  much  more  powerful  in  sonie  iudividnals 
iu  others,  ia  increased  under  the  influence  of  certain  mental  emotiona 
feu'  or  bashfulness),  and  eommonly  also  by  sexual  desire.  The  SexwU 
tioDB  themselves  ai'e  strongly  inffuenced  by  the  condition  of  the 
muid.  ViTien  it  is  fi-equently  and  strongly  directed  towiu-ds  objects  of 
|«Esii>n,  tiiese  aecretiona  are  incrcftsed  in  amount,  to  a  degree  which  may 
MUM-  them  to  be  a  very  injurious  di'ain  on  the  powers  of  the  system. 
the  other  hand,  the  active  employment  of  the  mental  and  bodily 
livers  ou  other  objeuts,  has  a  tendency  to  rondei'  less  active,  or  even  to 
ebeck  altogether,  the  processes  by  whidi  they  are  elaborated.* 


*  Thie  18  •  smi|il<!  PlijsiulogiBiil  fiiet,  but  of  high  Moral  a|iplioatioD.      TheAnthor 
»uuU  my  tu  those  i:f  bis  ynuui^vr  rettdbn,  oho  urge  the  wanla  of  Nature  as  aa  eifujMt  for 
bx  itlidt  i^fiktificalmii  (if  Uic  Bc\ud]  p-iasioa,  "Trj  the  efTecta  of  clorz  mental  apjilieativn 
fluluo  of  thnnv  vuiii<I'liti>!  prir)4uit:i  to  wliich  your  profofisioa  introiliir^ea  you,  iu  cotqbiAA- 
ritli  iiyoTOws  baiiily  tjtrciM:  (for  the  effects  of  which  see  S  5601,  liefurs  yiia  uaert 
he  kiipetite  ia  uitrestiiUQaMt:,  uid  net  upon  IhutUHertiuD."     ffuthing  temle  m  luuch 
natv  Ihe  ilenire,  M  Lho  coutinunl  ilLreL-tiuD  of  the  mind  tow&rdd  the  objei^U  uf  jta 
imiflcilloii,  esjiwiftllj  uuJer  thu  fnvuuriiig  influaure  uf  Bailanlary  hiibits ;  whilal  imlhiug 
«o  tSftliiallj  feiiruitoeji  it,  no  the  lioterminnte  everciso  of  the  oieutaj  fncultiea  ii|i>.ii  uther 
■   ■  "8f,  und  the  expuiidiluro  of  nervom  eaergy  ia  other  ohaiiiiela  (g  (JilJ.  — Tlier»i 
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833.  So  Secretion  so  strongly  raanifeets  the  mfluenco  of  the  Nervoi 

bj'iitf  ni,  tkTid  espfiL'iiilly  of  Emotioual  stiites.  both  upon  its  qiiitotity  and  ilw 
quality,  fts  tliat  of  the  Maiiitiutry  giniuis.  Although  the  production 
Millf,  wbeu  oiico  eattibli^ihed,  omtinually  goea-on  in  the  breiuts  uf  s 
nursing  female,  yttt  it  i.s  obviously  ucct'leratud  in  the  ^r»il  inatanc^ 
and  augmented  afterwards,  by  the  mecUaiiical  irritation  of  the  nipple 
produced  by  the  suction  of  the  infiint ;  and  this  alone  (or  in  combinaliou 
with  the  Btrong  tletlre  to  furnish  milk)  haa  been  eAectual  in  producing, 
the  eiMiretiou  in  girls  and  old  women,  and  even  in  men  ($  019).  Agnia, 
in  the  nursing  female,  the  secretion  is  oft«n  suddenly  augmented  by  tba 
^'if/U  of  the  inGint.  or  even  by  the  t/ioui/lu  of  him  in  absence,  especially 
when  assocint^Kl  \vith  the  idea  of  suckling;  this  gives-rise  to  tlie  sudden 
rush  of  lilood  to  the  gland,  which  is  known  by  nurses  as  the  dniuglu, 
and  which  may  probiihly  lie  attj'ibuted  to  a  dilatation  of  the  Mammary 
arteries,  through  the  instni mentality  of  their  Syrnjiatlietic  nerve*.  imaJn- 
gous  to  that  which  takey-place  in  the  tuit  of  blutdtiug  (§  820). — Although 
we  ai'e  continually  witnessing  indications  of  the  jxiwerfid  iudueuoe  of' 
Emotional  status  upon  the  qualities  of  the  Mammai-J  secreliou,  yet  it  is 
probable  tliat  such  inHuence  it  not  at  ail  |>oculiar  to  the  milk;  and  tliat 
we  only  recognize  it  more  reiadily  in  this  case,  because  the  digestiva 
^stem  of  the  Infant  us  a  more  delicate  appai-atua  for  testing  it,  tlun 
&uy  which  the  Chemist  can  devise;  atfordiug  proof,  by  disorder  of  ite 
fiuiction,of  changes  in  the  cliaracter  of  the  secretion,  wliich  no  esamiuftlion 
of  its  physical  pro[iorti(M  could  detect).  The  following  renmrks  on  this 
subjoct  are  abridged  li-om  Sir  A.  Coo]icr's  valuable  work  ou  the  Breavt. 
"  The  9e<'.retion  of  milk  proceeds  beat  in  a  tranquil  ttaie  of  faimi,  and 
with  a  cheerful  temper;  then  the  milk  is  regularly  ubundant,  and  agriwc 
well  with  the  child.  On  the  contiuiy,  u/i'eyi*/  temper  lessens  the  ijuantitv 
of  milk,  makes  it  thin  and  serous,  and  causes  it  to  disturb  the  child's 
bowels,  producing  intestinal  fever  and  much  griping.  Fiu  of  anger  pro- 
duce a  very  initating  milk,  followed  by  griping  in  the  infant,  with  green 
stools.  Grief  \u\.s  a  gi'eat  influence  ou  lactation,  and  consequentiv  upon 
the  child.  The  loss  of  a  near  and  dear  relation,  or  a  change  of  fortune, 
will  often  so  much  diiuiuish  the  secretion  of  milk,  as  to  ivndcr  uiivcuti- 
tious  aid  necessary  for  the  supiHirt  of  the  child.  Anj^tli/  of  uuml 
iliminiahea  the  quimtity,  and  alters  the  ijurdity,  of  the  milk.  Tlie  reoep- 
tion  of  a  letter  which  leaves  the  mind  iu  anxious  sii6|>enBe,  lefSfns  the 
ditiught,  and  the  breast  becomes  empty.  If  the  child  be  ill.  and  tha 
mother  is  anxious  respecting  it,  slic  complains  to  her  medical  attendant 
that  she  has  little  milk,  and  that  her  infant  is  grijted  and  has  lre>|ueiit 
green  and  frothy  motions.  Fear  has  a  powerful  influence  on  the  secretioo 
of  milk,  1  am  informed  by  a  medical  man  who  practises  moch  among 
the  poor,  that  the  apprehension  of  the  bnital  conduct  of  a  dninlno 
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Mem*  to  be  somettiing  in  tim  pnxvsB  of  tnuniag  yaung  men  for  the  Modioli  Fi  iifiMJm, 
vhinb  cDcouragiw  in  them  n  Laxity  ^tf  thiihu^tit  slut)  v\|ir^ftajuQ  od  Uiue  mfttton,  Kiiat  JMr- 
nli;  i.'uiIb  in  n  Iniity  uf  jirimjijili;  sud  uS  ncUoo.  It  lul^ht  luvTi;  been  ei]KVtat  UiM  (biar 
whu  tee  Ki  eon U [I Da)!}  ultUGeHing  tlio  mclunclinli  cuuHHjaciicv*  of  thu  nolMJon  uf  ik* 
Divine  JiLW  ia  thiu  piutieulftr,  would  be  tbe  Ust  1^  brvak  it  tbttniselvea;  lint  thk*  it  nufur- 
tanntely  Tary  fiir  from  being  Ilie  easv.  Tbe  Antbor  regretu  beind  obligH)  fnrlher  ta  niuuk, 
Ihit  Bomv  worka  wbicb  bin;  iwiuwl  from  tliv  Meclirnl  Jirrm.  rxiDtaJn  maeh  tbat  in  —l—f- 
Inlod  to  eicito,  ntliur  than  m  rvpre^i.  the  pr'ipeoaity ;  bod  llwl  tba  kdrire  nmuttiDa 
icivvn  hy  pmrtiti'inen-  tA  tbcir  [nktieats,  is  immoral  m  veil  u  uuKivntlfic- 
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liitsluuii].  will  put  a  atop  for  a  time  tii  tho  secretion  of  niilL     When  thit 

ap[H'Us,  tbf  broaiit  feels  knotttMl  and  hnni.  flucciil  from  the  absence  ul' 

ilk,  and  thftt  wlilob  ie  s«orctod  is  highly  irritntiiig;    iinrl  some  time 

I  liefoiv  a  heiilthy  secri-tinn  retiiruB.      Terror^  which  is  suddeu  ami 

f«ir,  instaiitlyHtops  this  secretion."    Uf  this,  two  striking  inatimci's. 

liich   the   secretion,  aithotigli    [H'Hviously  abuncliint,  was  eomplutely 

f*tv\  hy  this  emotion, (iri!  dptaileU  by  Sir  A.  C    "  Those  |jBSsioHS  whicli 

fcm  generally  sotirecs  of  pleasm-e,  and  which,  when  moderately  indulged, 

■re  poddiicive  to  health,  will,  when  cftrried   to  escesa,  alter,  and   even 

utirely  check  the  secretion  of  milk." 

Mi.  There  ia  even  cividence  that  the  Mammary  secretion  may  acquire 

nctoally  poitonou*  oharacter,  under    the  influence  of  violent  mental 

Koitemein ;  for  certain  phenomena  wliich  might  otherwise  be  reg.ii-ded 

no  other  light  tlm-n  as  simple  coincideiicw,  nppeai-  lo  justify  this  iii- 

ii«?,  when  interpretol  by  the  less  striking  bnt  efjually  decisive  fac1« 

ndy  mentioned      "  A  Carpenter  fell  into  a  quarrel  with  a  Soldier 

^i]Ii:t«<d  in  his  house,  and  was  set-upon  by  the  lutter  with  hia  dmwn 

ronl.     The  vrife  of  the  CnqienttT  attirst  trembled  from  fear  and  terror, 

then    suddenly  threw    herself   fiiriousiy  between   the  comb-.itnnta, 

rnxted  the  aword  from  the  soldier's  hand,  broke  it  in  pieces,  and  threw 

|t  kwny.     During  the  tunmlt.  some  neighbours  came-in  and  sepamteil  tlio 

neri.     While  in  thi.i  stiite  of  sti-ong  excitement,  the  mother  took-np  her 

Fehild  friim  the  cradle,  where  it  lay  playing,  and   in  the  most   pei-fect 

IliQilth,  never  having  bad  a  moment's  illness;  she  gave  it  the  breiist,  and 

■ill  so  doing  sealed  its  thte.      In  a  few  minutes  the  inJimt  left-oil' sucking, 

Ibeoune  n»tle!«,  panted,  and  sank  <lead  upon  itH  mother's  bosom.     The 

Iphysiciivn    who  was    instantly  ealled-iii,   found   the  child    lying    in  the 

utle,  as  if  aaleeji.  and  with  its  features  undisturbed ;   but  all   bis  re- 

I  were  fniitless.      It  was  irrecoverably  gone."'     lu  this  interesting 

e,  the  milk  ran.st  have  undergone  a.  change  which  gave  it  a  powerful 

live  action  upon  the  susceptible  nervous  system  of  the  infont.— The 

lowing,  which  occurred  within  the  Author's  own  knowledge,  is  fiorhapa 

^unlly  vahiable  ta  tlio  Physiolo^st,  a&  an  example  of  the  similarly- fatal 

Sucnee  of  undue  emotion  of  a  ditferent  chai-acter;  and   both  should 

erve  as  a  salutary  warning  to  mothers,  not  to  indulge  either  in   the 

Kciting  or  in  the  depressing  passions.     A  Lady  having  several  children, 

of  which  none  hail  manilested  any  particular  tendency  to  cerebral  disease, 

nd  of  which  the  youngest  was  a  healthy  infant  a.  few  month*  old,  heard 

'  the  death   (from  acute  hydracepbalus)  of  the  infant  child  of  a  friend 

ling  at  a   distance,   with    whom  she    had  been  on   terms    of   etose 

Dc  Vun  Ammon,  in  his  trentiBe  "  Die  crsWn  Mutleqiflifblrn  unci  diis  erelt  Kiii.icB- 
i|ii(pt«J  Iq  Dr.  A.  Combe's  exL-ellcnt  little  work  on  "  The  MunoKrnient  of  Infuncj." 
SimilAr  facta  are  ri^oried  bj  other  wrilfirs.  Mr.  Wimlrop  inentLolis  (  "  LutiCfft," 
'a.  Bl'li,  th»(  httvini!  remuveei  a  suikII  (nmnur  frcmbBhiail  Ihe  ear  of  ii  uiollier,  all  went 
«U.  auTil  jhe  felt  into  »  liolent  pusiou ;  and  Ilie  chiM,  being  snckleil  nnuu  iirtcrKurda, 
3i^\  \n  '^uaTulfliomi.  Be  was  KTit-for  hattily  b>  set.'  unother  rbiJd  in  convulfiionB,  after 
\g  \hii  Iftiut  L)f  a  nune  who  had  jast  been  eevprelj  reprimanded;  and  ho  wu 
kiDied  bv  ^\j  Riohnnl  C'ripft,  that  he  huil  been  many  similar  iustances.  Three  others 
are  rwified  by  Bnrdach  ("  Phjniuliigie,"  S  0^3) ;  in  one  of  them,  the  infant  was  Kited 
ith  conTQl^touu  i^n  the  ri^ht  side  nnd  huiniplE'gia  on  the  left,  on  Hueting  unme- 
jalclf  after  its  uuther  liad  mvt  with  !himc  diatresHing  oceurrence.  Another  ciue  vaa 
it  of  a  puppy,  n'hich  va£  a^tmi  with  epHeptJc  conviilsioDa,  on  ancking  ite  mother  afW 
At  (rf't»ee. 
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intjmooy,  null  whose  fmnilyhiul  increased  almost  cud temporaneoiulr  with 
her  own.  The  ciruiunHttttice  natui-ally  mailo  a  strong  iioprcawoii  tin  her 
mind  ;  aiid  ahi;  clwelt  upon  it  tlie  more,  ptrhnps,  as  she  happened,  nl  (lial 
period,  to  be  8ei>aratal  ftxHU  tlit'  re»t  of  her  family,  and  to  be  much  aluoe 
vith  her  babe.  One  morning,  ahoi'tly  iiftur  having  nuTsed  it,  ^he  laid  iho 
infant  in  its  cradle,  aaleep  and  ajiparcntly  in  perfect  health ;  lier  attention 
was  sliortly  attiuetcd  to  it  by  a  noiee ;  and,  on  going  to  tlie  cradle,  she 
found  her  iufimt  in  a  convulsion,  which  laated  a  few  moments  and  thfln 
left  it  dead.  Now,  although  the  influence  of  tho  menttJ  emutton  is  leaa 
uneqiiivucally  displayed  in  this  case  tliau  in  the  last,  it  can  scanvly  lie  k 
matter  of  doubt;  since  it  ia  naturaJ  that  no  feeling  should  b(>  i^trougcr  ui 
UiD  mother's  mind  under  such  circumstances,  than  the  fear  thnt  h<rr  nwn 
Ixiloved  eliild  should  be  taken  from  her,  aa  that  of  her  friend  lind  bnen ; 
auil  it  ia  pi*obable  that  she  had  l)epn  jiarticularly  dwelling  on  it,  M  tho 
time  of  nm'sing  tlic  infiuit  on  that  morning. — Anoilier  instiiuce,  in  wliicli 
the  miit«rual  influence  was  leas  certain,  but  in  wliicb  it  waa  not  imptt>- 
bably  tho  immediate  cauHe  of  the  fntul  termination,  occurred  in  n  fiuiiily 
neJirly  related  to  tlio  Author's.  The  mother  had  lost  sevci-al  children  iii 
early  infancy,  from  a  convulsive  disorder;  one  infant,  however,  survived 
the  UHually-tatol  [leiiod;  but  whilst  nursing  liiiu  one  morning,  ahe  bail 
been  strongly  dwelling  ou  the  fear  of  losing  him  also,  although  he 
appeared  a  very  healthy  child.  In  a  few  minutes  atU-r  the  intknt  had 
hevM  transferred  into  the  arms  of  the  nurse,  and  whilst  she  was  uiving 
hor  mistrefis  to  take  a  more  cheerful  view,  directing  her  attention  to  hii 
thriving  ap]>earance.  he  was  seized  with  a  convuliiion-fit,  and  dieil  almost 
iustimtly.  Now  although  there  was  hero  untfueationably  a  predispoaiug 
cause,  of  which  tliere  is  uo  evidence  in  the  other  cases,  it  con  scanty  b« 
doubted  that  the  exdtiitg  cause  of  the  Ihtal  disorder  is  to  be  referred  In 
the  mother's  anxiety.  This  case  offers  a  valuable  auggeetion, — which. 
indeed,  would  be  afforded  by  other  couaiderationa,— that  an  infant,  under 
such  circumstances  should  not  be  nursed  by  its  mother,  but  by  aiiuther 
woman  of  placid  tempcnuuent,  who  Las  reared  healthy  children  of  her  own. 
835.  Tho  influeiLce  of  the  Nervous  System  upon  those  fomialive  pro- 
cesses wliich  constitute  the  function  of  Nutrition,  is  leas  evident  tJian  it  is 
upon  the  Secretory  operations ;  and  the  nature  of  tliis  influence  is  rtther 
to  lie  iufen'od  from  the  resulto  of  its  wifclidniw&l,  than  to  be  demon- 
atrated  in  any  more  direct  numuer.  Thuae  reaulta  are  chiefly  to  l)e  se«i 
in  the  altered  nutrition  of  ports  cxponol  to  external  imjiressions.  as  tW 
integuments  generally,  but  particularly  those  of  the  extremities;  ami 
they  may  be  generally  expressed  by  the  statement,  that  the  witUilmwil 
of  nen'ous  influence  from  a  ])art,  renders  it  less  able  tn  withstand  Um 
destructive  influence  of  physical  agencies.  It  has  been  cleia'ly  shown. 
however,  by  the  careful  experiments  of  M.  Brown-Setjuard  (§  501),  that 
a  great  part  of  the  injurious  efiects  which  maybe  oleerved  to  follow 
injuries  of  the  nerves  of  the  extremities,  experimentally  inllictod,  mt 
traceable  to  want  of  power  on  the  part  of  the  animiJ  (consequent  upon 
the  paralysed  state  of  the  limbs)  to  withilrnw  Uii^m  timm  irritaiing 
impressions;  and  nmst  not  be  attribiitwl  to  any  dctcrioratiou  <rf  tL* 
formative  operations,  directly  resulting  friuii  the  withdrawal  of  nervosi 
agency.     The  following  case,  however,  which  is  given  by  Mr.  I^et* 

*   "  Lednres  an  Snrgitai  Fatliolog;,"  vol.  i,  f.  iS. 
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the  autliority  of  Mr,  Hilton,  rieems  more  unequivocally  to  CBtublish 

I  (louui'Jtion.     "  A  man  wiia  at  Guy's  Qospitftl,  seTeml  years  aj;o,  who, 

I  oi)ti»ei|iietic«of  a  fnictura  at  tlie  lower  cud  of  the  radius,  i-epAiredby  aii 

ive  iiaiuitily  of  new  bone,  suffered  coinpresBion  of  the  niediiui  nerve. 
Ic  liail  iilccmlioii  of  tlie  thuuib,  imd  of  the  fore  and  middle  fingers, 
►hii-li  hiu\  rveisted  vnriouB  troatment,  and  wad  oured  only  by  so  bindiiig 
tb(t  wrint,  that  the  iiaitsouthe  [nilniar  aspect  beiiig  relascfl,  thepremire 
nu  ilic  uyrvi'  was  reiaove*h  So  hingaa  this  wiw  done,  the  ulcere  hvuuine 
nnd  TCiiiiuued  widl ;  but  ae  Boon  as  tlie  man  was  allowed  to  ubb  his  luuid, 
.  '  •-■flsun^  on  the  ni-rres  was  removed,  aud  the  ulceration  in  the  paits 

■  ■•i  by   it  returned."      Mr.  Pa^vt  (Oil,  cit.,  p,  IG)  also  nientiona  tho 
lug  curiiJiJii  case,      "  A   L'tdy  wlio  is  subject  to  attacks  of  wliat  are 

I  qit\-iju»  htaidiielies,  always  finds  next  moming  that  ar>mi'  patches 
M  her  hair  are  white,  as  if  powilered  with  atiLrcb.  The  change  Is  effepteil 
in  D  ui^ht. ;  anil  in  a  few  days  after,  the  hairs  gradually  regftin  their  dork 
hrnwiiiah  colour." — That  auch  effects  are  rather  to  lio  attributed  to  tlie 
k)M>  or  i^rversion  of  the  influenco  of  the  Sympathetic  system,  tliim  to 
thxt  of  the  Cerebrospinal,  would  a[i]iear  frotu  the  faut  noticed  hy 
^1■'  — tidie  imd  Longet,  that  destructive  inflammation  of  the  eye  eDBUCs 

■  inii-kly  alter  division  of  tho  Fifth  paii'  inj^ront  of  the  Oasseriau 
gaiiyimu,  tluin  when  the  diviaion  is  made  through  tlie  roots  of  the  uenre, 
bvtw-eeti  that  j^ingiion  and  tlie  braiu  ;  tlie  Sympathetic  filaments  which 
rxi»l  largely  in  tiiis  nerve,  being  interrupted  in  their  course  to  thetisBuus 
in  the  f<.<i-iner  ea^,  but  not  in  the  latter.  So  Dr.  Axiuanu  found,  that 
••h'  II  (he  Bjiiiinl  nerves  of  Frogs  were  divided  in  front  of  their  Prever- 
i-  liT.d  ganglia,  the  nutrition  of  tho  parts  supplied  by  them  was  much 
more  injuriously  affected,  than  it  was  when  the  section  waa  made  between 
these  ganglia  and  the  Spinal  Cord.  And  this  inference  is  fiirther  sup- 
iwrt*^  by  the  geueml  i-eault  of  observation,  that  atrophy  of  parts  supplied 
by  tlie  Spinal  nenia  is  much  greater  whpii  the  sensory  (gangUated)  as 
wi;ll  OS  the  motor  roots  are  involved,  than  when  the  latter  alone  are 
[lanilysed  (Paget,  Op.  cit.  p.  48). 

83ti.  There  is  abundant  evidence  that  a  sitdden  and  violj^nt  excitement 
of  Home  depressing  Emotion,  especially  Terror,  may  produce  a  severe  and 
even  a  tiitjil  disturbance  of  the  Oi^nic  ftinctions ;  with  general  syinptoma 
(as  Guislftin"  has  remarked)  so  strongly  resembling  those  of  sedative 
Poifiomng,  as  t<i  make  it  liigldy  proliable  that  the  blood  is  direcdi/ 
affected  by  the  Emotional  state,  through  Nervous  agency ;  and,  in  fiwit, 
Uie  finotionul  alteration  of  various  secretions,  just  lUhiclcd-to  (JJ  832- 
83i),  aeems  much  more  probably  attributable  to  sonie  such  aliectiou  of 
Ihr  blood,  than  to  a  primary  distm-bance  of  tho  secreting  jirocess  itself. 
.\  ■.  !i  iiigb  thero  can  he  no  douht  that  the  hnbitmil  stjito  of  the 
hii  iriunal  sensibility  has  an  important  influence  upon  the  general 
»ctii'ily  and  [lerfection  of  the  Nutritive  processes, — as  is  shown  by  the 
w^^U- nourished  ajipenrance  usually  eiliibited  by  tliose  who  aiv  fi-ee  from 
mental  aiiuety  as  well  as  from  bodily  ailment,  contrasted  with  the 
"  lean  anti  hungiy  look"  of  those  who  are  a  prey  to  continual  dis- 
■juiettidi::, — Jet  It  is  not  often  that  we  have  the  opjiortunity  of  observing 
Uif  pro-luetion  of  change  in  the  nutiition  of  any  specific  part,  by  strong 
emotional  eiicitement.  In  the  two  following  cases,  the  con'es|)ondence  of 
•  "  lie(oi«  UnJes  inr  lea  Phreno|)athieii,"  torn.  ai.  pp.  16fi-lfi8. 
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the  effects  to  their  alleged  catineH  100}/  have  l*eeu  only  cnsuol ;  nod  a  mucin 
larger  collection  of  facts  would  be  needed  to  e«lab!isk  tlie  ratiouale  here 
advanced  as   probable.      But  ao  many  analogous  thougb  leas  strously- 
markesl  pheaomeim  are  presented  io  the  recoi'ds  of  uiedl«il  exptrienoe, 
Biid  the  influence  of  the  Emotions  upon  the  products  of  Secretion  ia  so 
confirmatory,  that  there  does  uot  seem  any  reasonable  groun<i  for  heidta- 
tiou,  in  admitting  that  the  same  explanation  uiay  apply  here  also.     The 
firat  of  these  caaea,  cited  by  Guisbiin  (loc,  cit.)  from  Ridard,  is  that  of  a 
woman  wlio,  after  seeing  her  daughter  violently  beaten,  was  seized  with 
grciit  teiTor,  iiud  suddenly  bocanie  iifleck'd  with  gangreuoua  erysijwlaa  of 
the  right  bi'eiiHt.      But  a  atiU  more  remarkable  example  of  local  disorder 
of  nutrition,  oceujiioned  by  powerful  emotion,  and  determiDed  an   to  its 
seat  by  the  intense  dii-cotion  of  the  attention  to  a  [lartienlar  part  of  tlie 
body,  ia  narrated   by   Mr.  Carter."     "A   lady,   who   wrw    watctiing   her 
little  child  at  play,  saw  a  heavy  window-sash   full  u|M)n  its  hand,  ciittiug 
off  three   of  the  fiugei's ;  and  she  was  so  much  overcome  by  I'riglit  and 
distresi,  aa  to  he  uuahlo   to  render  it  any  assiFtance.      A  surgeon  wwi 
Bjwedily  ohtaiiio'l,  who,   having  dressed  tlie   wounds,  turned  himself  to 
the  mother,  whom  he  found  seated,  moaning,  and  coinplaiiiiug  of  pain  in] 
her  hand.      On  examination,  three  fingers,   corresj  ion  ding   to  those  in-J 
jured  in  the  child,  were  discovered  to  Ije  swollen  anil  iullunie<d,  although] 
they  had  ailerl  nothing  prior  to  the  accident.      In  four-and-twenty  hounw] 
inciaion»<  were  uuule  into  them,  and   pus   was   evacuated ;  alougha  wei^l 
afterwards  dischai-ged,  and  the  wounds  ultimately  healed." 

837.   The  influence   of  the  state   of  cxpeetimt  lUtention,  in  niodifyii<| 
the  processes  of  Nutrition  and  Secri'tion,  is  not  less  remiu-kable  than  we ' 
have  already  seen  it  to  be  in  the  production  or  uiodilicution  of  Muscular 
movements  (J^  ti5d,  dSO),      It  seems   certain   that   the  aimjile   •/iVrrtioit^H 
of  Ois  eifuju^iiisness  to  a  part,   indcpenilently   of  emotional    i^ci  11:111  en t,^| 
hut    with    the    i:jr/>ee!iiliuK    that   some    chnitge    will    take-place     iu    it» 
organic   activity,  is  often  sulEcieut  to   induce  suoli   an   alteration;  and 
would  probably  always  do  so,  if  the  concentration  of  the  attention  wore 
sufficient.      The   moat   Hitisfjictoty  exemplili cation   of  this  principle   has 
been  given  by  the  experiuieuts  of  Mr.  Braid,  who  has  succewleii  in  prct- 
ducing  very  decided  cliiingea  iu  the  secretions  of  particuLtr  ontana.  by 
the  fixation  of  the  attention  upon  them  iu  the  '  hypnotic'  state  (5  $91)kfl 
Thus   he  hrought-baek  an    abundant  flow  of  milk  to   the  breast  of  a  ™ 
female  who  was  leaving-off  nursing  from  defect  of  milk,  and  rr].>eat«(l 
the    operation   upon   the   other   hreast   a   tew   days  subsequently,  uAer 
which  the   supply   was    abundant   for   nine   months;    and    lu    another 
instance  he  induced  the  cataraenial  flow  on  several  suocesaive   oooisioa^ 
when  the  usual  time  of  its  ajipearauce  had  poaaeiL     It  is  not  r«<]iiiaii 
however,  to  ]>roducu  the  stati!  of  Somnambulism  for  this  purpoac,  if 
attention  can  he  suflicieutly  drawn  to  the  subject  in  any  other  moda; 
thus  Mr.  Braidt  has  re]>eatedly  produced  the  last-named   r«milt   im  a' 
female  who  ]Missesaed  considerable   power   of  mental  coucentrutiou,  by 
inducmg  her  to  fix  her  thoughts  upon  it  for  ten  or  fifteen  minutea,  so  u 

•   "'00  111(1  PMboUigJ  anil  Trestment  of  Hjntoria,"  p.  21. 

+  See   Ilia   impiPiioiit    Meuiwr    on    '  Hyjiuutiu   Tlii-niixntioi, '   in    "Bdinfi.    HoalUj 
Joumnl,"  Jntj,  IS  AD. — <>f  the  niolit]'  of  tiiiB  la»t  r«iu!t,  the  Author  lus  had  aa  0|ip>--j 
tuuitjr,  through  Mr.  Bnilil's  kindnenii,  of  ptirEonali;  ntisfjiing  buoolf.  I 
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bnng-<iti  n  stoti-    of  Altstraotion. — Now  the  uffwlH  which  are  pro- 
fnoilile  by  this  rotuntary  or  detemiinato  directiou   of  the  consciousuiies 
the  resnlt,    we  doiibUess    no    k'ss    proilnriLli;    by    Itiat    inoolmilary 
Isalioi)  r>f  the  Attention   upou  it,  whicli   is  cunsei.juciit  upon  the  eaj^ei' 
HpuctAtioti   of  iMJietit    from   some  curativi;   method   iii    which   irtiiiliul 
ieuoe  Is  pliLceiL      It  is  to  such  a  state  that  we  muy  fairly  uttnlnite 

if  not   all,  the  cures,  whii;li   have   beeii  worked  tliniiigli  what   la 

pfrpularly  termed  the  '  imuginatiou."  The  cures  are  natl  liicU,  however 
ifcey  may  be  explained;  and  there  is  acarci.'ly  o.  malady  in  wliich  jimcnd- 
neot  ha'i  not  boon  prtiduMd,  not  tnoiuly  in  tLe  estiiiiatiou  of  the  patieTit, 
lit  in  the  more  trustworthy  opinion  of  muilieal  obaeiTers,  hy  practicea 
rhich  can  have  hikd  no  other  elfuut  than  to  direct  the  at/eutiou  of  tlie 
fferifr  to  the  part,  aud  to  keep  alive  his  confiilent  erjiec/alioii.  of  thn 
Lire.  The  ■  ohftnaing-awuy'  of  wjirta  hy  sjiella  of  the  most  vulgar  kiml, 
bp  inipjsition  of  royaJ  lianihi  for  the  cure  of  the  '  evil,'  thu  pawiiiga  and 
i>kings  of  Valt'Dtine  Greatrakes,  the  uiaiiipulations  practisi^  with 
■  iiii>Udltc  tractors,'*  tbi'  invocations  of  Prince  Hohenlohe,  r/  /«JC£/mi"» 
e, — not  omitting  the  globulistie  miniiiiistrations  of  the  Inliniteaimal 
ors,  and  tlie  uiiiuipuiations  of  the  Mesmerists,  of  our  own  times, — 
I  all  worked  to  the  same  end,  and  have  all  been  alike  succeasfid.  It 
rroqueatiooable  that,  in  all  sueh  cases,  the  benefit  derived  is  in  direct 
^portion  to  the/'iUh  of  the  sufferer  Lu  the  means  eniployerl ;  and  thus 
I  moe  that  a  couple  of  bread  pills  will  produce  ciipioiis  purgation,  and  a 
of  r«tt  poppy  symp  will  serve  aa  a  powerful  narcotic,  if  the  patient 
arc  entertained  a  sufficiently-coiifidiTit  expeotation  of  such  results. 
838.  This  state  of  confident  expectation,  however,  may  operate  for 
no  lesa  than  for  gowl.  A  fixed  belief  that  a  mortal  disiease  Iwd 
upon  the  frame,  or  that  a  p(irticula.r  operation  or  system  of  treat- 
ment woidd  prove  unsuccessful,  had  beeu  in  numerous  instances  (there 
is  no  reaaon  to  doubt)  the  direct  cause  of  a  tiktitl  result.  Thas  M.  Eidard 
relates  the  case  of  a  man,  thirty  years  of  age,  who  was  affected  with 
irt«>no  in  the  bladder,  and  who  saw  a  pntieut  die  by  his  aide,  after  being 
op'rnlod-upoa  for  the  same  complaint.  The  man's  imagination  became 
excitei) ;  liis  thoughts  wore  constantly  fixed  upon  the  operation  which 
be  h'mself  exi^ected  to  undergo,  and  mxin  the  pivibable  death  that 
|ranl<[  follow;  and,  in  faet,  without  any  operation  at  all,  he  dieil  at  the 
of  a  month,  affected  with  gangi-ene  both  of  penis  atid  scrotum. 
Iftleo  it  is,  that  the  morbid  feelings  of  the  Hypochondriac,  who  is 

iJy  directing  his  attention  to  his  own   fancied  ailments,  tend  to 

indiiee  reid  (haorder  in  the  action  of  tlie  organs  which  are  supposed  to 
Iw  nllecteiL — In  the  same  category,  too.  may  he  phiced  those  instances 
(to  which  alone  any  value  Ls  to  lie  attached),  wherein  ft  strong  tiiid  per' 
futaU  im/iresaiiin  upou  tbe  mind  of  a  Mother,  has  appeared  to  pro(luce 
a  coiTVsponding  effixit  uytoa  the  devrji>pment  of  the  fitlus  in  iiUro  (§  883). 
In  thifl  caae,  the  efli^t  (if  admitted  to  be  really  exerted)  must  be  produced 
upon  the  maternal  blood,  and  transmitted  through  it  to  the  ftetiia;  sines 

Dr.  Haygurth  of  Bath  (m  ooajUDctii'D  witli  Mr.  Rir;banl  Smitb  o(  RristiiJ)  l^isLi^  llio 

Joe   of   '  PeFkini't  metallic  trscWtH,'  b;  aubstitutiug  two  pienis  ••!  »n<irl  jmiDieil  iu 

fttioD  of  tbem,  or  even  a  pair  of  toDpeniiy  noil^  ^1i«gu^fi«d  witfa  cjeaJing-wjix.  i^r  ac^^uple 

t  ilale-peDdle ;  wUcb  the;  found  to  pmic^  si)  the  lirtuca  that  were  cluimnl  for  thu  reid 
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tlierc  Li  no  nervous  communicatiiiti  between  ihe  parent  and  the  offspring. 
Tlierc  Li  no  difficulty,  bowever,  in  uniKTsttiiKHng  liow  this  may  occur 
after  what  had  been  already  stated  (§  317)  of  the  influence,  of  minute 
alteratiouH  in  the  Blood,  in  determining  local  altenktions  of  nutiitioD. 


CHArTER  XVI. 


OF    GENERATION. 


1. — General  Character  n/llia  FuTielion. 

839.  Haviko  now  passed  in  review  the  various  operatiooB  which  ore 
conccmeil  in  iniuntiiining  the  life  of  the  indh-idiiat,  we  huve  next  to  pro- 
ceed to  thone  which  are  destined  to  the  perpetuation  of  the  race,  by  the 
prodnctiim  of  successive  generations  of  similar  beings.  Ammig  Plants, 
and  the  lower  tribes  of  AidiualB,  a  niulti plication  of  independent  beings 
tiAes-plocc  without  liny  si'xuid  proccsta  whutever,  by  a  proeesH  of  !/f«i- 
mati'iii  or  '  budding '  tWmi  the  parPtit-sloct ;  tliesc '  biicU,'  at  fintt  entirely 
nourished  by  it,  gradually  become  less  and  less  dependent  npon  it,  and  at 
last  detach  tbcmaelves  and  maiutain  s  sepitrat^  existence  Now  this  proces 
may  be  regarded  ns  essentially  tbe  soiue  with  that  of  the  laiiltJplieittiou 
of  cellH  by  mibil.iri»i/>H,  which  is  one  of  tlie  most  ordinary  operaLioiis  of 
growth  and  development;  and  it  is  peculiar  in  uotlunij  else  Lhna  this, — 
tliftt  the  uewly-formed  structure,  instead  of  remaining  as  a  constituent 
and  defwudent  jMirt  of  the  parental  fabric,  is  capable  <-f  living  indepen- 
dently of  it,  and  of  tlius  existing  as  a  distinct  indtvidual  when  spontuifv 
ously  or  artificially  detachetL  Among  the  higher  tribes  of  Animals,  M 
in  Jinn,  tliLi  mode  of  rejiroduction,  which  is  merely  a  multiplicntiou  da 
tbe  individual,  and  not  n  real  Generative  process,  does  not  prescut  itseli! 
at  lenst  in  the  ailult  stale;  for  in  no  iiistniice  do  we  lind  that  a  piirt 
the  btvdy  aefiamtcd  from  the  resit  can  develope  the  organs  which  ar 
necessary  for  the  auatenancc  of  its  existence ;  and  tbe  power  wlJch  iha 
organism  possesses,  of  regenerating  jiarts  which  it  hiis  lost  by  diitcnsr  orj 
accident,  is  restrained  within  very  narrow  limits  (J  3')9).  But  there  ill 
good  ground  to  believe,  that  such  a  midtiplication  by  siibdivi^ou  tnafi 
take  [dace  at  that  eai-liest  period  of  embryonic  life,  at  which  the  germ  ii 
nothing  else  tban  a  mass  of  cells,  wherein  no  distinction  of  parln  ba«  u 
yet  manifested  itself;  and  that  the  proiluction  of  two  complete  individiuli, 
held-together  only  by  a  connecting  band,  may  arise  from  some  aiam 
which  determines  the  subdivision  of  the  germinal  mass,  at  the  pcfiod 
■when  its  grade  of  development  corresponds  with  that  of  tbe  Uydnof 
Plannria  (5  3ii5).  And  tids  view  of  the  case  is  coutiruicd  by  the  fiirts 
already  stated  ($  3^!!)  in  regard  to  the  lugher  degree  of  tbe  regcuontioc 
power  during  embryonic  Ufe,  infancy,  and  childhood,  as  rotnpored  with 
that  which  remains  aftci-  tbe  development  of  tlie  fabi-ic  has  been  coDipletC^ 

840.  The  proper  act  of  Generation  in  Sinn,  aa  in  the  Animal  and  Vt^ 
table  Kingtioma genendly  {see  PtUSC.  OF OoM P.  Pkvs.. Cliap.  XI.). niiiftirmlr 
iiiv.ilves  the  uidon  of  the  contents  of  two  peculiar  cells,  wliich  may  I* 
deetgnated  as  the  ' epenu'cell,'  and  the  'germ-cell/  and,  us  in  all  higlwr 
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Lnimnl^  the  'spenn-cell '  developes  ui  its  iuterinr  a  Bcir-iuuviug  sjieriita- 

whilst  the  'gBnn-cdl'  (geroihial    vesicle)  whoae  coat*>nts  are 

knilizecl  by  the  apeiinatozorin,  is  imW'rIiled  in  a  tniiss  of  yofi  distilled  for 

■lu  ('jtrlj  nutrition  of  the  embryo  thtnce  origiuatiDg ;  so  that  this  embryo, 

sii|ipUe(l  with  the  reqtusite   warmth,  as  well  as  tirawing  into  itaelf  the 

uout  etoreii-iip  fur  it,  gradually  evolves  itself  into  tlie  likfiiewB  of  it-a 

iiL     Tliei-e  is  a  great  iliflaroiice,  however,  among  the  different  tribes 

'  Aiiiiuuln,  atf  Ui  tlie  degree  of  a^istaucc  thus  aHbrdctl  to  the  embryoj 

bf  gi'iieiiJ   nilu  '"eiiig,  that  the  higher  the  form  which  the  embryo  la 

Jtiiiiiitoly  t-t  attnia,  the  longer  is  it  supported  by  its  pai-eiit,      Henoc  we 

ad  the  etnliryoa  of  most  lnvertebratod  aninmls  comiiig-forth   from  the 

•  in   a  condition  vuiy  unlike  theii-  perfect  type,  aiiii   only  acqiiii'iiig 

Fsfter  a.  long  suecession   of  subsequent  altenitioas,  which   froqiimtly 

(voIvo    a   complete   ohaufiie    of   form,   or    jifJa/iiiirplfs-ui.       In    Fishea, 

Bwevcr,  the  euibi-yo,  though  far  fi'om  having  completed  its  enibiyonic 

pvelopmt'Ut  ut  the  time  of  its  emersion  from  the  egg,  dots  not  difl'er  so 

widely  from  the  adiilt  ty\H>.     In   BirdB,  tlicre  m  a  provision  for  a  much 

^ore  aJvunced  development;  the  titore  of  nutritious  matter,  or  'yolk,' 

eing  so  liirge  as  to  allow  the  whole  series  of  changes  requiKite  for  the 

rniatioQ  of  Uie  complete  chick,  to  tnke-place  before  it  leaves  the  egg.    In 

|ie  &Iauuualia,  on  the  contmry,  the  quantity  of  yolk  contained  in  the 

am  ifl  Tctj  small,  but  the  embryo  is  only  dependent  upon  it  for  the 

eriaU  of  its  increase  during  the  earliest  stages  of  its  evolution  ;  for  it 

<lily  forms  a  special  connection  with  the  parent-structure,  by  means 

which  it  is  enablerl  to  receive  a  continital  supply  of  newly-prepared 

limeut,  so  aa  to  1)6  supported  at  the  expense  of  this  until  far  advanced 

its  development.     Some  approaches  to  tlijs  arrangement  are  met-with 

nong  certain  of  the  lower  Animals,  but  it  is  only  lu  the  higher  Mani- 

Jia   that  it  is  completely  can-ied-out ;  and  it  is  only  in  this  class,  too, 

at  we  find  a  supplemental  provision  for  the  nutrition  of  the  offspring 

er  it  has  come  forth  into  the  world.     In  many  of  the  lower  tribes  of 

iIuinLi,  the  fertilization  of  the  ova  is  accomjilished  without  auy  sexual 

i;  the   S}iei-matic  fluid   effused   by  the  mole,  coming  into  direct 

itact  with  the  ova  previously  deposited  by  the  female;  but  in  all  the 

gher  tribes,  as  in  Man,  the  speimatic  fluid  is  conveyed  into  the  oviducts 

'  the  female,  so  as  to  impregnate  the  ovum  shortly  aiter  it  has  quitted 

ovarium,  or  even  before  its  final  escape  firom  it 


2. — Action  of  the  Male. 

841.  The  Spermatic  fluid  of  the  Male  is  secreted  by  glandular  organa, 
nowii  as  Tenlei.     Each  of  these  consists  of  several  lobules,  which  are 
ftt-ed  from  each  other  by  processes  of  the  Tunica  Albugiiiea  that  pass 
own   between  them,  and  also  by  an  extremely  delicate  membrane  (de- 
ribefl  by  Sir  A.  Cooper  imder  the  name  of  Timica  Vnsculosa)  consisting 
"of  minute  ramifications  of  the  spermatic  blood-veasela  united  by  areolar 
tissue.     Eiwh  lobule  (Fig,  112,  «  o)  is  composed  of  a  mass  of  convoluted 
iJxdi  sfiiiiiiij'eri,  throughout  which  blood-vessels  are  minutely  distributed. 
hi-  lobtdes  differ  greatly  in  sine,  some  containing  one,  and  others  many 
'the  tuhub;  the  total  number  of  the  lobuiea  is  estimated  at  nbout  450 
each  testis,  and  that  of  the  lubuli  at  $40,     The  walla  of  the  tuhnli 
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are  firmer  than  tliosi'  of  Bimilar  glutid-auinlii  elscwlia-e;  for  oabrid«  the 

bascmeiiUmeinbnine  on 
Pio-  Iia.  which     the    ejiithehuui 

reata,  thej  hnvc   a  tole^  j 
rably-firiii    Iiut   cxtaisi-  I 
ble  eiiTflojie,  com  jfflsed  of  I 
na      indlatinctlj-fibrouB 
connective    tissue    witl) 
longitudinal  nucleL  ^m 

Their  oonTolntions  an*;H 
80  arranged,  that  each 
lolittle    forniB    a  sort  of 
eoue,  tlie  n]"ex  of  which  H 
.        is  direct«(l  towards  UiA^f 
rete  tmtig  (i) ,-  and  when 
they    hiive    reached    to 
within  n  liue  or  two  i 
this,  they  cesjie  to  he  con 
vnluted,     eeveral     unit 
together   into    tubes 
lai^F     diameter,     iui<i 
these    enter     the 
testiK   iindt-r  the   namtj 
of     tubvli    revlx. 

fi'nnMn7'ri<if,iiijl^rlr<dwi11)miT(<uryaii4vnip1et«]jiupDHribl(r: —    mode       LU       whjch 
O,  o,   LuIiuIm  f.iim.'clfjf  Mmimftromlulwii  (,  ITlstmlW;  c,  »«•     fii>,iii;     Im-minata    n<    tkA 

.AS«,i«i  i(,iip.umiiif  ihpoir,.m.i.«.fijpM«nginioib,.ht,^  wiDuii  icrmmate  at  in* 

*,  a,  at  Ihi*  ^piilidyniii  J  y.  bodj  of  dp  apidfiijinifli  y,  iipprDilbL;    large  end  of  the  h>hu1@, 
j^  BHidii ;  I,  TM  defflrvni- 


Fia.  113. 


in  tht  2h1  A^rt. 


has     not    been    cleftrly 
niadoout,  owin^  partly 
to  the  iiumluT  of  their 
iiniLstomoses;   it  is  pro- 
bably  cither    by  cncal 
eudingB,    or    by    loop*. 
Tlic    diainetor     of    thafl 
tiilinli    is   for   tlio  motd^l 
pai-t   vi'ry    uniform;    in 
tlie    natural     conditioa 
they  seem  to  v&ry  frnm 
about    the    l-ldoth    to^ 
the  1-I70th  of  an  ioch^fl 
but  when  injected  wilh^* 
nieivury,  they   are  dit- 
tended  to  a  nize  Detuly 
double    the    smallpr    of 
these  diiu<'nsion& — The 
rclc  tfetis  (b)  consist*  of 
from  seven   lo  thirtmi 
vessels,  which  run  in  « 
waving   couKc,    anaBto- 
mose  with    each  otiwr, 
aiid  aguin  divide^  being 
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11    connecled  together.     The  viua  eJSrrenlia  (c),    wliicJj    paas  to  the 

of  the  cpididjTuis,  are  at  ftrat  straight,  but  Boon    hocome  con- 

itltitoil  ([/),  each  fonuing  a  sort  of  cone,  of  which  thf  a])ex  ia  directed 

awards  the  ret#  testis,  the  Iwise  to  the  hejid  of  tlie  <?[<i(liilymia  (e).     Tlio 

kutulx-'r  of  tlieae  is  Hhit*d  U>  vary  Irom  iiiue  to  thii-ty ;  and  their  lengtli 

III-  about  eight  inches.     Thi;  ^piduii/inlt  itself  (J")  consists  of  a  very 

BDvultiteil  canal,  the  length  of  which  is  about  twenty-oiio  feet      Into  ita 

Bwer  extremity,  that  is,  the  luiglo  which  it  makes  where  it  terminates 

the  ras  defereus,  is  poured  the  seeivtiou  of  the  ctsriihim  abiirraiLg  or 

riidix  (;/) ;  which  seems  like  a  testis  in  miniature,  closely  reBembling 

Tniigle  lobule  in  ita  stnirturi'.      Its  special  function  is  unknown. 

842.  The  fluid  .secreted  by  the  Testis  is  miogliHl,  dming  or  previously- 

1  its  eiiiiawou,  with  fluid  secreted  by  the  Vesicul^  Seminalett,  the  Prostate, 

uwjier's  glands,  ic. ;  and  it  cannot,  therefore,  he  obtained  pure,  but  by 

nwitig  il  fi-oiu  the  testicle  it«elC     No  accurate  analysis  has  been  made 

'  it  in  the  Human  subject;  but  the  following  ai-e  the  results  of  those 

rhicli  have  been  made  by  Frorichs*  on  the  contents  of  the  testes  of  a 

r«til>it,  a  cock,  and  a  carp.  '  Pure  Semen  is  a  milky  fluid,  of  a  mucoiia 

eossistenu-,  and  nt-utral  or  alight ly-alkaiine  risictiou.     The  imperlectly- 

develojied  Sjierniatozoa   are  composed  of  an   albuminous  substance,  the 

»ntjty  of  which  diminishes  with  their  progress  towards  maturation;  so 

itt  tlie  i>eri'octly-<levelo[ied  semen  contains  no   ulbuminous  compound. 

)n  the  other  hand,  the  princigml  component  substance  of  the  mature 

oatozoa  is  the  same  with  tliat  which   is  the  chief  constituent  of  the 

elia  and  of  the  Homy  tissues  genemlly,  namely,  the  'binoxide  of 

'  of  Mulder.     Besides  this,  the  spermatozoa  contain  about  i  per 

at.  of  a  butter-like  fat,  with  some  phosphorus  in  an  unoxidized  state, 

shably  combined  with  the  fat,  as  in  the  phosjihorized  fats  of  the  blobd- 

orpuGcleji  imd  of  nervous  matter),  and  about  5  per  cent,  of  phosphate  of 

The  fluid  portion   of  the  secretion  is  a  thin   solution  of  mucus, 

^hidi,  in  addition  to  the  animal  matter,  contains  chloride  of  sodium,  and 

II   quantities  of  alkaline  sulphates  and  phosphates.     The  peculiar 

Soar  whjch  the  Semen  posaeases,  does  not  ap])ear  to  belong  to  the  proper 

atic  fluid ;    but   is    probably   derived  from  one  or  other  of  the 

etinns  with   which   it  is  mingled. — The   product  of  the  secretion  of 

ch   Testis   is   convoyod-away  by  a  single   ran  defereiui  (I),  which  is  a 

jrlindricai  canal,  having,  within  its  (ibrous  wall,  a  layer  of  non-striated 

Boscnhu-  fibre,  and  being  lined  by  a  jiroper  mucous  membrane.     The 

i  drftrfus,  ascending  into  the  abdominal  cavity  as  a  part  of  tlio  sper- 

patic  cord,  reaches  the  fundus  of  the  bladder;  and  there  it  cornea  into 

lity  with  the  Vesl'^ila  ■Semiiiaiiii  of  its  own  side,  with  whose  duct  it 

,lo  form  the ';/nc(i/n/or.V(/nc(  which  i«rmiuatea  on  the  Tt7T<ii«f«(a«aiu 

I  urethra.     It  has  beeu  conimonly  supposed  that  the  resici'lir.  «en»(- 

'  stand  to  the  I'oiia  de/erenlia  in  the  mxiac  light  that  the  gaJl-bladdcr 

adfi   to   the  he^iatic  duct ;    namely,   as  a   receptacle   into   which   the 

fluid  may  regurgitate,  and  within  which  it  may  accumulate;  but 

Hunter  was  the  first  to  maintain)  this  is  not  the  case,  since  the  fluid 

at  U  found  in  them  is  not  semen,  and  but  I'arely  contuios  even  a  small 

Imixture  of  seminal   fluid.t     Moi"covcr,  these  orgims  are  not  simple 

*  Art.  '  Sraten^  lu  "  *^jrl*>p,  of  Auutr  auJ  PiiyBuil.,""  Tol.  iv.  ji.  506. 
<  (  8m  Art.  '  Vairuia:  StmineUen,'  in  "CjmIoii.  uf  Anat.  imd  Phjiuol.,"  vol.  iv.  p.  1131. 
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vesicles,  l)ul  have  n  aaconlated  gltmilulnr  character;  aud  their  scicivcioD 
seems  to  Lc  of  a  mucoos  nature.  Into  the  same  part  of  the  urethra  L< 
dwchiirged  the  sea'etion  of  Uie  ProslcU-:  Glanil,  which  is  poupeJ-forth  by  s 
number  (15 — 2tl)  of  sepamte  ilucts  into  u  depressed  fossa  on  either  sidi 
of  the  nature  of  tliis  Becittioii  scarcely  anything  is  known ;  and  it  cau 
only  surmised  that  its  u^,  like  that  of  the  fluid  of  the  vcsicidte  sejuiDole^- 
is  to  dilute  the  seminul  tluid,  and  to  ^ve  it  tfuch  an  increaae  of  bulk  that 
it  may  be  more  efli.'ctually  ctiuveyed  withiu  the  female  paaaagea.  It  seems 
protjable,  indeed,  that  a,  certain  dilution  of  the  fluid  secreted  by  the  tcst«a 
may  be  a  condition  of  its  power  of  fecundation ;  since  it  h.'is  been  aaoer- 
tajned  by  Mr.  NewjKDrt,  thu.t  too  copious  an  application  of  spennatoEoa 
to  an  ovum  is  absolutely  unEavourable  to  their  action. — That  in  some 
way  or  other  both  these  glandular  bodies  serve  as  accessory  or^ns  of 
generation,  may  be  inferred  from  the  fiict,  that  in  animahi  which  have 
only  a  periodical  aptitude  for  proci'caticin,  they  undergo  an  alternate 
increaas  aud  decrease,  coiresponding  with  the  periodical  enlargement  iwd 
diminution  of  the  testes  themselves. 

843.  The  essential  peculiarity  of  the  Spcnoatio  fluid,  however,  consists 
in  the  presence  of  a  largo  number  of  very  minute  bodies,  the  gpermatasoa, 
wbit'h,  from  their  u-iuidly  remaining  in  active  motion  for  some  time 
ni^^r  they  have  quitted  the  living  organism,  have  been  erroneonaly  con- 
sidered as  proper  Animalcules.  The  Unman  Sj)ermatoEoon  (of  which 
representations  are  given  in  Plate  I.,  Fig.  I)  consists  of  a  Uttle  oval 
flattened  'body'  between  the  l-COOthandthe  l-?(>Oth  of  aliuB  in  length, 
fi-om  which  proceeds  a  long  filiform  'tail'  gradually  tajwring  to  the 
fineat  point,  of  l-50th  or  at  most  l-40th  of  a  line  in  length.  The  who 
is  perfectly  trausjiarent ;  and  nothing  that  can  he  termed  '  structure '  e 
be  satisfactorily  distinguislie^l  within  it.  Its  movements  are  priiicipally' 
executed  by  the  tail,  which  has  a  kind  of  vibratile  undulating  mo^a 
they  may  continue  for  inauy  hours  after  the  eraisston  of  the  fluid;  and 
they  are  not  ohocked  by  its  admixture  with  other  seoretious,  such  as  the 
urine  and  the  jiroatatic  fluid-  Thus,  In  cases  of  nocturnal  emisaion.  the 
Sfiermatozoa  may  not  unfretjucntly  be  found  actively  moving  through  the 
urine  in  tlie  momingj  and  those  contained  in  the  seminal  fliud  colloctrf 
fi-om  females  that  have  just  copulated,  are  frequently  found  to  live  maoy 
days.  Their  presence  may  be  readily  detected  by  an  observer  familiar  with 
their  appearance,  and  fiimished  with  a  Microscope  of  sufficient  powo", 
even  when  they  hare  long  ceam^d  to  move,  aud  are  broken  into  fragments  i 
and  the  Physician  and  the  Mclical  Jui'iat  will  frequently  derive  muoli 
assistance  from  an  examination  of  this  kind  Thus,  cases  are  of  tw 
uncommon  occurrence,  especially  among  those  who  have  been  too  mndi 
adilictul  to  sexual  indulgence,  in  winch  seminal  emissiona  talce-plaee 
unconsciously  and  frw|ueutly,  and  produce  great  general  detnngiiment  of 
the  health ;  and  the  true  nature  of  the  complaint  is  obscure,  until  the 
fact  has  been  detected  by  ocular  examination.  Again,  in  charges  of  r^Mi 
in  which  evideiici-  of  actual  emission  is  reqiuretl,  a  microscopic  oxamjna- 
tion  of  the  Htilfened  spots  left  on  the  linen  will  seldom  fail  in  obtAiuing 
proof,  if  the  act  have  been  completed :  in  such  cases,  however,  wo  miu4 
not  expect  to  meet  with  more  than  fragments  of  SpermatoToa ;  but  thes* 
are  so  unlike  auything  else,  that  little  doubt  need  be  enlertMnod 
legardiug  them.      It  has  licen  proposed  to  employ  the  same  test,  in 
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riiliiVkl  !iic[iiiries  respecting  Joubtful    cases  of  dcntli    by   KuspeTwiou, 

minnl  emissiiiiis  beiu^  not  unfreijucut  results  of  tliis  kind  of  violence; 

lUt  tlieri'  luv  miLuy  obvious  objections  which  slioulil  prevent  muoli  oon- 

idrnw  I'Cing  placoil  in  it* 

8*4.  The  mfwie  of  evolution  of  the  S|jennato»ja,  ficat  discovered  by 

agDcr,  and  more  perfectly  elucidated  by  Klilliker,  ia  such  as  to  indicate 

t  iliKX  bodies  tire  true  ]>roducta  of  the  fanu&tivo  action  of  the  orguua 

which  they  ait:  found,  mid  cannot  be  raoked  iii  the  same  category  with 

nimnlculis.      They  are  developed  in  the  interior  of  cells,  or  '  vedoles  of 

oliitiou,'  such  as  tire  visible  in  the  semiuid  Quid   in  vtu'iouH   etag(-j  of 

uction   (Plate  I.,  Fig.  2,  a,  b,  c),  and  have  been  known   under   the 

of  'seminal  grnuulea.'      These  appear  to  have  been  themselvea 

within  pftieut-colls,  which  ai-o  piiiliaMy  to  be  regarded  as   the 

iheliftl  cell.i  of  the  tuhiili  semuiil'eri ;  constituting,  like  the  analogoiia 

L-Us  of  other  glands,  the  essential  elements  of  the  sperniatio  apparatus. 

esc  pareut-cells  ni-c  sometimes  observed  to  contain  but  a  single  '  vesicle 

if  evolution,'    a.-^   showii  at   d  ;    but   more    commouJy    from    three    to 

iven  are  to  be  seen  within  theni  (e).     When  taken  from  a  body  recently 

iind  esamineil  without  being  treated  with  water  or  any  other  agent, 

ny  are  quite  pcllucitl,  and  exhibit  a  delicate  contour  with  jjertectly 

lOuiogeneous  contMitu ;  very  sjiecdjly,  however,  a  sort  of  coagnlatiOD 

.ke^plaoe  within  them,  by  which  their  eonteuta  are  rendered  granular, 

of  these  '  vesicles  of  evolution'  gives  origin  to  a  ppenuatozoon,  and 

one  only ;  the  earliest  atagea  of  its  development  have  not  yet  been 

ly  made^ut,  since  it  dots  not  nt  Jirst  exhibit  those  sharp  distinct 

,toui-s,  dependent  on  its  great  refinotive  power,  which  afterwards  dia- 

ih  it;  bnt  it  is  seen  lying  in  the  intei'ior   of  the  cell   as   a   slight 

shadow,  at  first  partly  hidden  by  the  auiTounding  granules  (Fig.  3, 

B),  but  attsrwards  without  any  such  obscuration.     When  the  vesicle  is 

completely  matured,  it  bursts,  and  gives  exit  to  the  contained  spemiato- 

bul  it  is  common  for  the  parent-cells  to  retain  the  vesicles  of 

rolution,  during  the  development  of  the  spermatozoa  within  the  latter; 

I  that  the  spermatozoa  seUfrue  by  the  rupture  of  these,  are  atill  enveloped 

■.  the  parent-cell.     In  this  ctmdition  they  have  a,  tendency  to  aggregation 

ndles;  and  these  bundles  are  finally  literated  by  the  ruptui'o  of  the 

Qt-cell,  after  which  the  inrlividual  spermatozoa  separate  one  from 

another.     The  spermatozoa  are  nut  normally  found  free  in  the  tubuli 

^^eminiferi ;  although  they  may  be  there  so  far  advanced  in  development. 

^^but  the  addition  of  water  liberates  them  by  occasioning  the  rupture  of 

^^beir  env<dope.t.    In  therele  testis  and  vasa  efiercntla,  the  spermatozoa  are 

^Bfrcry  commonly  found  lying  in  bundles  within  the  jHirent-cells,  the  vesicles 

of  evolution  having  disappeared ;  and  they  are  usually  eet-free  completely 

by  the  time  that  they  rciich  the  epididymis,  though  still  frequently  asso- 

Oftlcd  in  buudles.     The  earlier  phases  arc  occasionally  met-with,  however, 

II      aveii  in  the  vas  deferens.t 

^K    845.  That  the  Spermatozoa  arc  the  essential  elements  of  the  spermatic 
^^Bnid,  may  be  reasonably  inferred  Q-'om  several  considerations.     There  are 

^^B  *  Em  the  Aatiior's  Article  'Aspbyul^*  in  the  "  Librarj  of  Fiacticit  Metliuiae,"  uid 

^^iie  »iit!i(iritiB»  there  referred  to. 

+  Pfir  Uie  laleit  reBeoicheii  un  the  develupment,  to.,  nf  the  SpKrmiitoi.ia,  aee  tha 
dni>"iale  Artiile  '  Seioen,'  in  the  "  Cjrliip.  of  Anat.  siid  Phyaiul.,"  by  Dis.  Wftgnrr  uid 
Leoekudt,  wid  Fraf.  Kolliker'B  " Mikrodtopische  Anntumie,"  buid  U.,  £  22fl, 
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Borae  caaes  in  which  the  '  liquor  scminiB'  in  alt(^eUier  absent,  so  that  they 
coustitute  tlie  sole  elemeot  of  the  semen ;  whilst,  ou  the  other  hacil,  they 
uro  never  wanting  in  the  semen  of  animala  capable  of  procreation;  but 
ure  ahsent,  or  imperfectly  developed,  in  the  aemeo  of  hybrids,  which  ape 
neiirly  or  entirely  sterile.  Moreover,  it  may  be  cousidcretl  as  certain 
thiit  the  aiiAolute  uintairt  of  the  spermatozoa  with  the  UTum  (}  660)  is 
roiiujaito  for  its  fecundation ;  whilst,  on  the  other  hand,  if  the  spermat<MOM 
be  carefully  removeii  from  the  li(]uor  BcniiniB  by  filtration,  the  hitter  b 
entirely  destitute  of  fertilizing  ]>ower."  Heiiee  the  presence  of  tlie 
L)r|uor  Seniinis  must  be  considered  as  merely  iucideutal ;  luid  as  auGwer- 
iug  some  secondary  purjKMe,  either  iu  the  development  or  in  the  convey- 
ance of  the  Spermatozoa. 

84G.  The  jxiwer  of  procreation  does  not  usually  exist  in  the  Homan 
Male,  before  the  age  of  from  14  to  16  years;  and  it  may  be  considered 
proliabk  that  no  Spermatozoa  are  produced  until  that  period,  although  a 
fluid  is  secreted  by  the  testes.  At  this  epoch,  which  is  ordinarily  desi^ 
anted  as  that  of  Puberty,  a  considerable  change  tokcs-jilaoe  in  the  lioJily 
constitution :  the  seximl  organs  undergo  a  much-increased  developmeul ; 
various  jmrts  of  the  surface,  especially  the  chin  and  the  jiubes,  become 
covca^  with  hair;  the  latynx  enlarges,  and  the  voice  becomes  lower  in 
pitch,  as  well  as  rougher  and  more  powerful ;  and  new  feelings  and  dcsim 
are  nwukcQed  in  the  mind.  Instances,  however,  arc  by  no  means  rare,  in 
which  these  changes  occur  at  a  much  earlier  period;  the  fiill  deve- 
lopmeut  of  the  generative  oi^ans,  with  manil'estatiuna  of  the  sexual 
]HLaaii.in,  having  been  obacrred  in  childi-eu  but  a  few  yeara  old.  The  pro- 
ci-eative  power  may  last,  if  not  abuseil,  during  a  veiy  prolonged  period, 
Undoubted  instances  of  virility  at  the  age  of  more  than  100  years  are  (oi 
i-ecord;  but  m  these  cases,  the  general  bodily  vigour  waa  preserved  in  a 
very  remarkable  degree.  The  ordinary  rule  seems  to  be.  that  seiual 
power  ia  not  retained  by  the  male  to  any  considerable  amount,  after  Uie 
age  of  60  or  G5  yeara. 

847.  To  the  use  of  the  sexual  organs  for  the  continuance  of  his  rriec, 
Man  is  prompted  by  a  powerfid  instinctive  desire  (§.^G1).  which  heshara 
with  the  lower  animals.  This  Instinct,  like  the  otlier  propensitiea,  is 
excited  by  sensations;  and  thetie  may  either  originate  in  the  sexual  oi^gUM 
themselves,  or  may  be  excited  through  the  organs  of  spoci&l  aenae. 
Thus  in  Man  it  is  moat  powerfully  aroused  by  impressions  conveyed 
tlirough  the  sight  or  the  touch ;  but  in  many  other  animals,  tie  auditory 
iitid  olfactory  organs  commuuicate  impressions  which  have  an  equal  power ; 
nud  it  ia  not  improbable  that,  in  certain  morbidly-excited  states  of  fill- 
ing, the  same  may  be  the  case  in  ourselves.  Localized  aensatious  have 
also  a  very  powerful  effect  in  exciting  sexual  desire,  as  must  have  been 
within  the  experience  of  almost  every  one ;  the  fact  is  most  remarkable, 
however,  in  cases  of  Satyriasis,  which  disease  i,-4generallyfound  tobeoon* 
netrted  with  some  obvious  cause  of  irritation  of  the  generative  ^yHUgn, 
such  as  pruritus,  active  congestion,  ic.  That  some  part  of  tbe  Enceplialoa 
is  the  wat  of  this  ao  of  other  instinctive  projieuaitieM,  appears  from  the 
cousideratious  formerly  adduced;  but  that  the  Cerebellum  Is  the  part 

*  TbU  pcHQt  hiu  been  u)in|>letel;  cstablisbud  bj  tbe  rcsMnbui  of  Mr.  IVcspstl  ("Rii'- 
Tniiix.,"   ISfil).    wli'i  hnn  rv{>eiiUH  Hjivl   ainlinuijil   the  cip«rimralal  molU  |ii«riDatlf 

obtUDiiil  by  SpAUuuani  ouil  by  Preriul  anil  Uumu, 
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in  which  this  function  is  sjiecially  located,  cjtunot  be  regarded  ns  by  any 
iiieaua  sufficiently  proved  {§§  -^57-501),  The  instinct,  when  once  iiroiiseil 
(even  though  vei-y  obscurely  frit),  acts  upou  the  mental  faculties  and 
moral  feelings ;  and  thus  becomes  the  source,  though  almost  unconsciously 
80  to  the  iudiviiiujil,  of  the  tendency  to  fomi  that  kind  of  attachment 
towards  one  of  the  opfrosito  sex,  which  is  kjiown  aa  love.  This  tendency 
cannot  be  regarded  aa  a  simple  passion  or  emotion,  since  it  is  the  result 
of  the  combined  openttieim  of  the  iimson,  the  imagination,  and  the  moral 
feelings;  and  it  is  in  this  engntftmeut  (so  to  s[)eAk)  of  the  psychical  at- 
tachment, upon  the  mere  coiiioreal  instinct,thiitadi^ereuce  exists  between 
the  scximl  relations  of  Miin  nail  those  of  tlie  lower  aniiuais.  In  propor- 
tion as  the  Humtui  being  makes  the  leuipomiy  gnttitication  of  the  mere 
sexual  ap]«tite  his  chief  object,  and  oveilooks  the  hapjiiness  arising  from 
Hpiritoal  communion,  which  is  not  only  purer  but  more  permanent,  and 
of  which  a  renewal  may  be  anticipated  in  another  world, — does  he 
degrade  himself  to  a  level  with  the  brutes  that  perish.  Yet  how  lamen- 
tably frequent  is  this  ilegi-adation ! 

8-18.  When,  iiu|>e!led  by  sexual  excitement,  the  Mule  seeks  intercourse 
with  the  Female,  the  erectile  tissue  of  the  genital  organs  becomes  turgid 
with  blood  (5  282),  and  tlie  surface  acquires  a  much-increased  sensibility ; 
this  is  especially  acute  in  the  tilans  ]>enis.  By  the  friction  of  the  Olans 
against  the  rugous  walls  of  the  Vagina,  the  excitement  iaincrenflcd;  and 
the  impression  which  is  thus  produced  at  last  becomes  so  strong,  that  it 
calls-forth,  through  the  medium  of  the  Spinal  Cool,  a  reflex  contraction 
of  the  muscular  fibres  of  the  Vnsa  Deferentia,  and  of  the  muscles  which 
sun-oiind  the  Vesicube  Scroinales  and  Prostata  gland.  These  receptacles 
dischai'go  their  conlenl*  into  the  Urethra;  from  which  they  arc  exjwlled 
with  some  degree  of  foree,  and  with  a  kind  of  convulsive  action,  by  its 
own  Compressor  muscles.  Now  although  the  sensations  concerned  in 
this  act  are  ordinarily  moat  acutely  pleasurable,  there  ap|iearH  suflicient 
evidence  tfiat  tlioy  are  by  no  means  essential  to  its  perfonunnco ;  and 
that  the  impression  which  is  conveyed  to  the  Spinal  Cord  juiw/  -nol  give 
rise  tu  a  sensation,  in  order  to  [iroduce  the  reflex  coutroctiou  of  the 
Ejaculator  nniscle-i  (§  511).  The  liigh  degree  of  nervous  excitement 
which  the  act  of  coition  involves,  produces  a  subsequent  deprer«ion  to  a 
corresponding  amount;  and  the  too  frequent  repetition  of  it  is  produc- 
tive of  consequences  very  injurious  to  the  general  health.  This  is  still 
more  the  case  with  the  aolJLiry  indulgence,  which  (it  is  to  be  feared)  is 
practised  by  too  many  youths;  for  tliis,  substituting  an  unnatural  degree 
of  one  kind  of  excitement,  for  that  which  ia  wanting  in  another,  cannot 
but  be  still  more  trying  to  the  bodily  powers.  The  secretion  of  seminal 
Huid  lieing,  like  other  secretions,  very  much  under  tlie  control  of  the 
nervous  system,  will  be  increawd  by  the  continual  direction  of  the 
mind  towai-ds  oVyecta  which  awaken  the  sexual  propensity  (§  832);  and 
thus,  if  a  frei[Uent  (liHchwge  be  occasioned,  whether  by  natural  or  im- 
natural  excitement,  a  much  larger  quantity  will  altogether  l>e  produced, 
although  tlic  amount  emitttMl  at  each  period  will  be  less,  and  ita  due  ]itr- 
fection  will  not  be  attained,  the  Uuid  under  such  circimislances  being 
fi>und  to  Contain  an  unduly-large  proportion  of  immature  seminal  cells. 
The  formation  of  the  secretion  seems  of  itself  to  be  a  much  gi-eator  tax 
upon  the  corporeal  powers,  than  might  have  Itecnsupinsscdiipn'mt'.*  and 
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it  is  a  well-known  fact,  that  the  highest  degree  of  bodily  rigonr  is 
sistent  with  inort'  than  a  very  modeKite  induigi'nce  in  sexunl  interco 
whilst  nothing  is  more  certain  to  (■educe  the  powers,  lioth  of  body  and 
mind,  ihiin  escei«  in  this  rewpect. — Thisie  jirincijiles,  which  are  of  gre*t_ 
importance  in  the  regulation  of  the  huiilth,  lire  but  espi'esaiona  of  th4 
genei'al  law  (which  prevails  equally  in  the  Vegetiible  and  in  the  AiiJnia]" 
kinjrdom),  tbiit  tlie  Development  of  the  Individual,  and  the  ReproduotioD 
of  the  Species,  stand  in  an  inverse  ratio  to  each  other. 


3. — Acitun  of  the  Female. 


1*49,   The  essential  pai-t  of  the  Female  Generative  system,  is  tliat  in^ 
which  the  Ova  are  prepared;  the  other  organs  are  merely  fiocwsory,  and 
are  not  to  be  found  in  a  liirj!;c  proportion  of  the  Animal  kingdom.     In 
many  of  the  lower  aniroala,  the  Ovarium  consistsof  a  loose  tissue  conlajn- 
ing  many  areolre,  in  wliicli  the  Ova  are  formed,  and  from  which  tlieyj 
escape  by  the  rupture  of  the  cell-walls ;  in  the  higher  animals,  as  in  thi 
Human  feniale,  the  tnibstanoe  of  the  Ovarium  is   hmi  and  compact,  mi  J] 
consitits  of  a  nucleated,  tough,  fibrous,  tliougli  not  distinctly  fibrilbir,  con'! 
nective  tissue,  forming  what  is  known  as  tlie «(rojn/t ,*  and  the  Ovii.exccpt| 
when  they  are  upproiiching  maturity,  con  only  bo  dJutiuguished  ui  tb«{ 
intorsticea  of  tliis,  by  the  ivid  of  a  high  niagiiiiying  power.     The  OmiibI 
in  all  Vertebrated  animals  ia  produced  within  a  capsule  or  liag,  the  ex-j 
t«rior  of  which  is  in  contact  with  the  stroma  of  the  ovarium  ;   this  haa 
Ikjcu  termed,  in   MammaliiL,  the  Grnajlan  vesicle,  after  ihe  name  of  lUI 
first  discoverer ;  but  the  more  general  and  appropriate  designation  of  I 
Ovisac  was  given  to  it  by  Dr.  Barry,  who  showed  that  it  exists  ui  otb«T 
classes  of  Vertebrata.*     Between  tlie  Omm  and  the  Ovisac,  in  OripurouB 
animals,  there  Is  scarcely  any  Interval ;  but  in  the  Mammalia,  a  large 
amount  of  granular  matter  (composed  of  nucleated  cells,  loosely-aggre- 
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—MB,  Tik-llMiL^  mcmbnQp  u',  yolk ;  «^,  jjqitiiuulJ  iv^ide^  t  j^,  gtrn^inai  spot, 

gated  together)  is  present;  being  especially  found  adherent  to  the  lining 
of  the  ovisac,  to  which  it  forms  a  sort  of  epithelium,  or  int..Tnal  tunic, 
known  aa  the  ineiiibraiia  grrmulosa :  whilst  it  also  forms  a  disk-Iika  iu-  , 

*  'BsMauntiia  in  Bnibr^Dlugjr,'  Irt  aeriea,  in  *'  Philoi.  TmiMfiL,"  I898L 
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mont  to  the  ovum,  whitli  it;  tcnnctl  the  cllneuii  proligenu.      TLe 
Binlimne  which  incloses  the  yolk  in  MammnliB,  has  received,  on  aeciiiint 
tta  thi<'kness  and  peculiar  transparency,  the  ilistinetive  apjielktiou  of 
nn  i-elhicitl'i  (Fig.  114.  in  v). — -Tbu  yolk  or  viUllnt  (j),  which  is  com- 
.■meA  of  uHtunii-n  und  oil-paniclea,  with  traces  of  cells,  is  voiy  amiJl  in 
,p  Urammalinn  ovum,  its  function  being  Uiaited  to  the  su^teiiaiice  of 
Hcriii  during  its  eai-llost  period  of  development ;  and  it  correapnnda 
her  with  that  part  of  the  yolk  of  the  egg  of  the  higher  Ovipnra  which 
been  ilistingniflhed  at^  tlic  "  germ-yolk.'   ia  consequence  of  its  diri-ct 
i-ticijiation   in   tlm  formation  of  the  gcnniQal  suhstunce  (j  S87),  tfiau 
itli  that  which  has  been  terrnwl  the  '  food-yolk,'  as  not  being  incorpo- 
1*<1  with  the  (jemi,  but  being  destined  for  Jta  subsequent  nutrition  by 
iilurgoiug  conversion  into  blood.*     Occupying  the  centre  of  the  vitetliiio 
in   the  immBture  ovum,  is  a  jieculior  cell,    very  different  in   its 
ipnol  IVtini  the  aiurounding  substance,  which  is  termed  the  germinal 
iofa  (Fig.  114,  V  g);  nnd  this  hna  a  very  distinct  nucleus  ((  g)  known 
the  ijrrminal  tpiit.     This  ccU  must  be  considered  as  the  essentifJ  part 
the  ovum,  and  as  homologous  with  the  '  germ-cell'  or  '  embryonie 
icle'  of  the  Vegetable  ovule. — The  Hmuan  Ovum  is  extremely  minute; 
it   measuring  ulxive  !-12Uth   of  an  inch  in  diameter,  and  being  some- 
ea  no  moi-e  than  half  that  sIei'.     Tlie  diameter  of  the  gcvminii)  vesicle 
tlie  Human  ovum  has  not  yet  been  asccilained,  owing  to  the  difficulty 
isolnting  it  from  the  yolk;   in  the  ovum  of  tbe   Rabbit,  it  is  about 
.-720th  of  aa  inch;  and   that  of  the  germinal  a|K)t,  in  the  Mammalia 
nerally.  is  from  l-ijG'Klth  to  l-24nOt!i  of  an  inch. 
8.50.  It  appeit-iv,  from  the  rescjirches  of  Valentin  and  Biacboff,  that 
le  Gr.iafiau  vesicle,  or  Ovisac,  is  formed  previonsly  to  the  Ovum,  w^hieh 
Bnbsequently  developed  in  its  interior;  and  it  would  seem  that  we 
ij  regard  it  as  a  vesicle  of  evohdiiyn  for  the  ovum,  in  the  same  way 
,t   the  gland-cells  of  the  testis  act  as  vesicles  of  evolution  for  the 
mmtozoa.     The  development  of  ovisacs  commences  at  a  very  early 
ioii  of  life;  in  the  ovaries  of  some  animals,  they  can  be  detected 
most  OS  soon  as  these  organs  are  tliemselvea  evolved;  and  in  all,  they 
show  themselves  soon  after  birth.     In  Plato  I.,  Fig.  4,  is  represented 
the  condition  of  the  Graalian  vesicleB  in  various  stages  of  develojiment, 
as  they  are  seen  imbedded  in   the   fibrous   stroma  of  the  ovarium,  in  a 
thin  slice  from  the  ovary  of  a  bow  three  weeks  old ;  by  which  time  the 
rmlDal   vesicle,   which   is   the   first   part  of  the  ovum  that  makes  its 
ipearauee,  has  been  developed  in  their  interior.     The  germinal  vesicle, 
Iiich  distinctly  shows  the  germinal  sjiot,  is  suironuded   by   an   assem- 
of  granules,  which  gives  the  fii-st  indication  of  a  yolk ;  and  ai-oimd 
ese,    the  zona   pellncida  apjiears  to  be  subsequently  developeil.      Tha 
iTum  at  first  occupies  the  centre  of  the  Graafian  vesicle,  but  it  sub- 
sequently removes  to  its  periphery;  and,  when  the  contents  of  the  ovisac 
axe  undergoing  maturation,  prior  to  their  escape,  the  ovum  is  always 
found  on  the  aide  of  it  nearest  to  tie  surface  of  the  ovary.     The  proper 


*  It  lus  been  recenll;  miiinlsined  by  Rcmhardt.  timt  the  Bird'g  yolk-bag  U  really 
iDUitogoits  with  the  Orosfian  vesiolv  of  the  Mnminnl  am!  iis  antire  wBteiiU ;  tlie  '  fiHjd- 
juVl^  of  Ihe  fnnneT  beijjg  re|treftented  m  the  latter  hy  the  cellular  anbetAQircr  HurrcUTicliDg 
the  ■"Dii  {'eUuf^ila,  which  ta  &ntirwards  i1eTelo|>ed  into  tlie  CorpUH  Xjut^siua,  (^'KuUiker 
U)d  Siebolil'a  Zeitiebrift,"  band  iii.  heft  4.) 
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Ovisac,  whoiM?  wall  is  formed  of  ft  non-vaacular  membnuie,  is  mrroiuided 
by  a  vascular  layer,  wliieli  is  furiutMl  by  a  oondenmvtiou  of  the  ordinaiy 
stroma  of  tLe  ovariuiu  ;  it  is  thin  whlcli  ia  UBuaJly  dtacnbed  as  ihe 
outtr  layer  of  tlic  Graa.liiiii  vesicle. 

851.  A  continual  change  seeiua  to  be  taking-iilace  in  t'te  coutenta  of 
the  Ovarium,  during  the  greater  jiart  of  life;  ccrtoiu  of  the  0%'isacs  or 
Graafiiiii  veaieles,  and  their  contents,  Huccc;^vely 
arriving  at  maturity,  whilst  others  degenerate  and 
die.  According  to  the  valuable  inquiries  of  Dr. 
liitchio,*  it  apiHsirs  that  even  during  the  period 
of  childhood.  thci'Q  is  a  continual  rupture  of  ovisam 
and  diKuharge  of  ova,  at  the  surface  of  tbf  ovarium. 
The  Ovai'ia  are  stiiclded  with  numerous  luiiiute 
cop iter-i!o] cured  miioiilie,  and  their  siarfiioo  presents 
deljcatu  vesicular  elevation*,  which  are  occaaioneJ 
by  the  most  matui'ed  oviaics;  the  dohiacenoe  of 
these  takes-place  by  minute  punctiform  openings 
in  the  peritontal  coat,  and  no  cicatrix  is  left.  At 
the  period  of  puberty,  the  stroma  of  the  ovnriimi 
is  ci-owdod  with  ovisacs;  which  are  atlU  so  iDiDutc, 
that  in  the  Ox  (nccoi-ding  to  Dr.  Barry's  eomputa* 
tion)  a  cubic  inch  would  oontain  2fl()  ritUlkm-a  uf 
them.  The  greatest  advance  is  seen  in  thuxe  which 
ai^e  situated  nearest  the  surface  of  the  Ovarium; 
and  in  such,  the  Gruafiau  vesicle,  with  its  two 
coats,  may  be  distinctly  traced.  In  those  »niiin»1« 
whose  aptitude  for  conception  is  periodical,  tlic 
Orvimm  of  iltr  Saibii,  (t  development  of  the  ova  to  such  a  degree  (hat  they 
thepwiudiJrHMi;  ibowing  l)ect)me  preiiared  for  fecimdation,  is  periodical  alsa 
.ion  of  o™  A  his  devekipmeut  la  made  e^^dcnt,  when  the  part& 

are  examined  in  an  animal  which  is  '  in  heat,*  by 
the  projection  of  the  GivLiilian  vesicles  from  the  surface  (Fig.  115);  and  it 
consists  not  merely  in  an  increase  of  size,  but  in  oertain  internal  chajogo 
presently  to  >'e  descrilwd  (§  S6G). 

853.  In  the  Human  femaJe,  the  period  of  I'uherti/.  or  eouimeDCiug 
Hptitude  for  prooreAtiou,  is  usually  between  the  13th  and  16th  years;  it 
is  generally  thought  to  be  somewhat  earlier  in  wuvm  cliinatisi  than  tn 
cold.f  and  in  <lensely-populate<I  umDufocturing  towns  than  ia  thiuly- 

■  "  LoDdoa  Uediml  Oatette,"  1814. 

t  1l  has  been  etitl^  h;  nlmiist  all  Ptiynola^atl  wiit«rB,  tbnl  irDDien  <1ili?  fmiU^  racb 
luntudty,  nml  that  moiMmntma  cvmmimws,  muoh  t^^lier  iu  Liit  rliioaltrA,  portirulArij 
bvtwecr' thf?  triipicM,  tbj^i  id  t4!uiptfr.ite  luiJ  vvr.v  O'jM  oounlrSefi-  Fitiis  uuuij' cUbotiM 
anil  iiiUittaUiig  i«porii  Bliirh  have  Iwsn  puMishfd  witliio  n  {vw  jaug,  hoTeTor,  eapetall; 
friFin  lUuee  uf  Air,  KnbcrlDu  uf  Ikluiicli ester  (recently  follvrtcd  in  hui  "  Bmy*  un  tlta- 
KtrUMtiuD,  and  on  FrsdioU  .Vtidwifery,"  1S51),  it  wuold  wem  tbU  the  DMunl  periud  uf 
pabertj  in  t«inin;nite  cliiiml««  oooura  ia  n  mupli  mom  oiMnJcil  nngc  «r  agn.  Kad  l> 
mituli  inon  eqiisll;  diHtributed  thmu^li  tlial  nuigp,  Ihnji  olhin  hsic  alleged  •  uhI  tkal, 
in  nthor  ouuutruM,  the  augiposcd  (lorallil  butwiiSD  plkoU  und  rmita  <i<Ma  uiit  hold  good. 
Tbe  (iu:t  teems  to  be,  Ibat  tliifi,  liku  utlier  prrioilir  pbeaumenn  of  vruia-bliioded  «-"iTrtt>v 
it  but  little  influvncfit  by  titcmnt  lumjigiatnre,  siidplr  beuuw  tJie  nto  of  growlli  lad 
devetii|>ment,  nf  wbii'li  lliene  jibuuuiueun  .-iro  tbc  vipouettta,  it  d(4«rmined  bj  the  Ma- 
pumttiiv  uf  tliv  b<«ly  ilMlf,  out  by  tlmt  uf  lbs  fuiruuiiding  mcdiuni.  Still  itiaqoil* 
|>o««ibl<i  Uiul  uilnrnkl  ttivinth  mny  havB  it  tVight  iiiflueuw  in  ddcnnitung  00-17  F"b«4 ; 
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Kijileil  Qgrifiiltiirul  ilistricts.  The  mentiil  and  Iioriilv  lisbitB  of  the 
liTiitaal  liiive  aiao  coiiBidemblp  inlluonoe  upon  tlic  timo  of  its  ocoiir- 
noe ;  girb  broii^ht-up  in  the  midst  of  luxury  or  sensual  mdiilj^enc*, 
BcJcrgoiug  tliis  cliatige  earlier  thftn  ttiose  mired  iu  liardlliuod  and  self- 
■lial.  The  chfinj^s  in  which  puberty  consists,  are  for  the  most  pnrt 
l)cct«?d  with  tlie  Rettrodiictive  system.  The  eitertial  iiud  internal 
of  generntioii  undergo  a.  conaidL-rahle  iiicreiise  of  size;  tlio  iniiiu- 
gland^  enlurije;  and  n  deposition  of  fat  takes-place  iu  the  ninminm 
on  the  pubis,  as  well  ns  over  the  whole  Bur&ee  of  the  body,  gi^"illg 
Uie  person  thtit  roundness  and  fulness,  which  are  so  attractive  to 
oppctjitc  Bex  at  the  period  of  coninieneiiig  womanhood.  The  lirst 
Dce  of  the  OatAmeola  usually  cnrouTS  whilst  these  ohanges  are 
progress,  and  is  a  decided  indieation  of  the  arrival  of  the  period  of 
liberty;  but  it  is  not  unfi-equently  delayed  mueh  longer;  and  its 
eooe  ia  by  nn  njeaus  to  bo  regarded  ns  a  proof  of  tlio  want  of  aptitwlp 
lirooresiiiou,  since  many  women  have  home  lurgc  fumilieB  without 
Kviug  ever  luooBtniated.  The  Catametiial  discharge,  as  it  iBsues  fmni 
uWms,  appwtni  to  Ijc  iipurly  or  <iuite  identical  with  ordiuiuy  blomt ; 
Bt  in  its  pussaf^  through  the  vagina,  it  becomes  mixed  with  the  acid 
■ttCUB  exuded  from  its  walls,  which  usually  deprived  it  of  the  power  r>|' 
alnting.  If  the  discharge  should  be  pi-ofuse,  bowever,  a  [lortion 
its  fibrin  remaine  unaffected,  and  clota  are  formed.  In  cases  in 
rhich,  by  the  death  of  women  at  this  period,  an  ojiportuiiity  has  biwn 
for  the  exftmiiwtion  of  the  lining  raembrano  of  the  utenis 
'during  menstniatioa,  it  is  found  to  be  nausually  turgid  with  bloiwl, 
the  reins  in  ]>ai-ticular  being  much  distended,  and  opening  n]>oi!  the 
internal  surface  by  capillary  oriticee,  to  which  valvules  are  ocaisionally 
found  attached.'  Hence  it  ia  scarcely  correct  to  designate  the  men- 
strua] flui  aa  a  '  secretion ;'  although  thero  is  reason  to  think  that  it 
av  carry-off,  besides  blooil,  ccrtjiin  matters  which  would  be  apprnpriato 
I  the  formation  of  a  Decidual  membrane  (§  8S3),  Imt  which,  if  not  so 
nployed,  become  excrementitious. — The  intei'Vol  which  nauftlly  elapses 
en  the  aucceasive  appearances  of  the  discharge,  is  about  four 
and  the  duration  of  the  flow  is  fi'om  three  to  six  days.  There 
I  gre&t  variety  in  this  respect,  however,  among  the  inhabitjuits  of  dif- 
feivnt  climates,  and  among  individuals ;  in  general,  the  a]j{}earance  is 
more  frequent,  luid  the  duration  of  the  flow  greater,  among  the  residents 
in  warm  countries,  and  among  individuals  of  luxurious  habits  and 
relaxed  fi-nme,  than  among  the  inhabitants  of  colder  climes,  or  among 
individuals  inured  lo  bodily  exertion.  The  first  aj>pianLnce  of  the 
diachai^  is  iLsually  pi'ecedcti  and  accompanied  by  considerable  general 
disturtnncd  of  the  system,  especially  patn  iu  the  loins  and  a  sense  of 
&tigue  in  the  lower  extremities;  and  its  periodical  return  is  usually 
tttende^  with  the  like  symptoms,  which  are  more  or  leas  severe  in 
Bfferent  iudiTiduals. 

Much  discuasion  has  takeu-placc  respecting  the  causes  and  pur- 

,  of  the  Menstrual  flow;  and  recent  inquiries  have  thrown  great 

jht  upon  them.     The  state  of  the  female  generative  ^stem,  during  its 

aa  iJrwJ;  ahawn,  it  tends  to  maintfcin  >  lomewluit  higher  degne  of  bodil;  beat 


SeeWbitebead  "On  Abortion  and  SteriUtj,"  pp.  13-37. 
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oontmiuinoe,  opiwure  to  be  analogous  to  the  kf-(U  or  pei-iodic  eexual  esciti 
meut,  of  the  lower  ftuinials ;   some  of  which  havt'  a  sero-sangiiinolent  di: 
chni'ge  at  that  period;  luid  among  many  of  wliicli,  tlie  ova  are   entirely 
extmded   by  the  female  lifforu  the  sjierniatic  Uuid  of  the  nuile  ruaches 
them,  this  occasionally  taking-place  oveu  in  Birds.    Tliere  is  good  reason 
to  believe  that  in  the  Huuiau  female  tht)  sexun,l  feeling  beoonies  stronger 
at   the   period  of  menstniation )  and   it  >a  cjuite  certain  that  there  is  a 
greater    aptitnde   for    Conception,   immediately   before   uud    afK-r    that 
epoch,  tlian  there  ia  at  any  intermediate  period,     Ohservatdons  to  this 
effect   were  made  by  Hippocrates,  and  were  confinued  by  Boerhaave 
and  Hftlk-r;  indeed  coitus  imnioJiatcly  after  menstniation  appear?  to 
have  been  fremaently  recemmeuded  as  a  cure  fir  sterility,  and  to  have 
proved  succiessful.      This  question  hon  been   uiaite  thu  subject  of  q^ieciol 
inquiry  by  M.  Gaeiboriiki;  who  affirms  that  the  exceptiona  to   the  rule 
— that  conception  occurs  immediately  before  or  after,  or  duriug  men- 
atruation — are  not  more  than  C  or  7  per  cent.     Indeed,  lu  his  latest 
work  on  this  Hubject,*  he  ^von  the  details  of  15  casus,  tu  which  the 
date  of  coaceptiou  cnidd  bo  accurately  Hxed,  luid  the  time  of  the  la«t' 
ftpjieamuoo  of  the  catamenia  was   also  known;  and   in   all   but   one   of 
them,  the  correapou deuce  between  the  two  periods  was  very  close,    t^veuij 
in   the  e.vceptiomt.]   case,  the  catameoia  made  their   appi;arance  shortly 
after  the  coitus;  which  took-place  at  about  the  middle  of  the  iiit^rvai 
Iwtwcen  the  two  ivgular  periods.     When  coucefitiou  ctecui's  immediatclr 
before  the  meustnial  period,  the  catameiiia  sometimes  appear,  and  some- 
times are  absent ;  if  they  appear,  their  duration  is  geacniUy  le^  than 
usual.      The   fact  tliat  conooption   often   takea-place  imiQt>diat«ly  br/irre  \ 
tho   last  apj«!arance   of  the  catamcuia  (and  not   a/ter  it,  as  commonly 
inmgiaed),  is  one  well  known  to  prac-tical  men.^Numerous  cases  hkv« 
been  collected  by  Mr.  l.'rirdwoo<l,  Dr.  Robert  Lee,  MM.  Geutlrin,  Negrier, 
itaoiborski,  and  others,  in  which  the  n'eustrual  period  was  evidently 
connected   with   the   matiiratiuu   and   discharge  of  ova;i   but  the  moet 
complete  observations  yet  made  on  this  Kubject,  are  those  of  Dr.  Ritcliic 
(loc.  cit.).      He  states  that  about  the  period  of  puberty  a  marked  change 
usually  takes-place  in  the  mode  in  which  the  ovisacs  discharge  their  con- 
tents; but  that  tills  change  does  not  necessarily  occur  aiiuultuQeoualy 
with  the  first  appearance  of  the  catumenia;  us  in  s<:>me  cikse^  the  oou- 
ditious  which   obUiin   in   the  period  before   puberty,  are   extended  into 
that   of  nieustruatioD.      The  ovaries  now  receive  a  much   larger  supply 
of  blood;  the   ovisacs  show  a   great   iucifose   in   bulk   and   vascidaritv, 
BO    that,  when   they   appear   at   the   sui'faeu   of  the   ovary,  they   prvacnt 
theitiaolvee  as   pisii'onu   turgid   elevations ;    and   tlie    discharge  of  their 
contents  leaves  a  much  larger  cicatrix,  nud  is  oocompanied  by  au  eHunoD 
of  Lilood   into  theiz'   cavity,  with   other  subseipicnt  changes,  to  be  p«w- 
seutly   described.       It    would    appear,    however,    that   although  euclk  a 
discharge  takes     place    iiwM  /i-erjaenrli/    at  the    mensti-ual     jicriod.    Tel 
the  two  occurrences  are  not  necessarily  co-existeut;  for  menstnuttcm 

•  "  anr  la  Ponto  Jea  MamioirarE*,"  Piiris,  18(4. 

t  Such,  ut  l«Lft,  np|>titr9  to  be  tbe  le^linul«  inference  from  th»  itale  nl  Uie  Orkria; 
bat  thH  caees  ate  verj  fuw  in  whicli  tLe  eitmiled  Or>  have  bucu  fuond  in  the  f«iMl« 
jASbH^va.  l^vu  BUoh  cajsea  (tme  irf  Ibem,  liotfuTcr,  nut  altuHL'ther  utishi.'turj)  vw  TTCnrttd 
bjr  Dr.  Lctliub;,  in  "  Pbllua.  Tmnaact.,"  1852. 
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may  tiiki!-|ilftce  withi>ut  any  audi  rupture;  wliilst,  on  tlio  other  haiid, 
the  mntuTfititm  and  discharge  of  mnture  ovu  may  occur  in  the  inter- 
vals of  laeastmatiou,  and  even  at  ]ierioda  of  life  when  that  function 
is  not  taking-place.  Ft-rhajia  the  moat  correct  general  statement  on  the 
subject  would  be  this ;  that  there  is  a  periodic  return  of  Ovarian  excite- 
ment, which  tends  to  the  matiiratioa  aud  oxtruslou  of  ovules,  though  it 
may  not  always  reach  that  point;  whilst  there  is  also  a  periodic  tur- 
geacence  of  the  vessels  of  the  lining  membrane  of  the  Uterus,  which 
lenda  to  the  production  of  a  decidual  membrane; — but  that  thrae  two 
[Mtrioda,  though  usually  coincident,  are  not  necessarily  bo;  and  that  either 
viiisugc  mill/  occur  witliout  the  concurrence  of  the  other. 

854.  The  duration  of  the  period  of  aptitude  for  procreation,  as 
marked  by  tlio  jieraiatenco  of  the  Catamoiiia,  ia  moi'e  limited  in  Women 
than  ill  Men,  usually  tenntuating  at  about  the  45th  year;  it  i^  some- 
times prolonged,  however,  for  ten  or  even  fifteen  years  further;  but 
cases  are  I'ai-e  in  which  women  aliove  -50  years  of  age  have  borne 
children.  Tliere  ia  uauolly  no  menstrual  flow  during  pregnancy  and 
lactation;  in  fact,  the  cetisation  of  the  cabimenia  is  generally  ono  of  the 
first  signs,  indicating  that  conception  haa  taken  place.  But  it  is  by  no 
means  uncommon  for  them  to  appear  once  or  twice  wubst-quently  to 
conception ;  and  in  some  women  there  is  a  regular  monthly  discliarge, 
though  probably  not  of  the  usual  character,  tirough  the  whole  period. 
Some  very  anomalous  cases  are  on  record,  in  which  the  catauienia 
never  appeared  at  any  other  time  than  during  pregnancy ;  and  were 
then  regular.  The  absence  of  the  catameuia  during  lactation  ia  by 
no  uetina  constant,  especiaJly  if  the  period  be  prolonged ;  when  the 
meriHtrual  di^iiui^e  recurs,  it  may  be  considered  aa  indicating  an 
aptitude  for  conception  ;  and  it  is  well  known  that,  although  pregnancy 
seldom  recurs  during  the  cantiDuauc«  of  lactation,  the  ride  is  by  no 
means  invariable. 

855.  The  function  of  the  Female,  during  the  coitus,  is  essentially 
posnve.  When  the  sexual  feeling  is  strongly  excited,  there  ia  a  con- 
siderable degree  of  turgescence  iu  the  erectile  tissue  surrimnding  the 
vagina,  and  comjwaing  tlie  greater  part  of  the  nympliie  and  the  clitoris; 
and  there  is  an  increased  secretion  from  various  glandular  follicles.*  But 
these  changes  are  by  no  means  nciwssaty  for  effectual  coition;  since  it  is 
a  fact  well  cstablitdicd,  that  truitful  intercourse  may  take-plaoe,  when  the 
female  is  in  a  state  of  narcotism,  of  somnambulism,  or  even  of  profound 
ordinary  sleep.     It  has  been  supjiosed  by  some,  that  the  oa  utei'i  dilates, 

•  The  glikDdE  of  Duvfliuey,  which  havo  hoon  very  nocnrnlely  iJefifrribed  bj  Pryftesor 
Tiedramnn  (l**")!  ^"^  snktwqnently  by  M.  Hugiiiw  in  the  "Archiveg  d'Aoatomie" 
(1847),  teem  to  be  aonJogouii  to  Covpcr's  glutiln,  und  like  them  are  gouietimt's  wanliug, 
and  differ  in  size.  In  rulTatiwJ  age  tbtj  are  said  to  dimioiah  ia  aiii-,  nnd  eren  tn  die- 
a^tpiAT.  Tliaj  are  pn-fteut  in  thi.'  femalea  of  all  animala,  vbcre  Ciivper'a  glands  exiat  in 
tlie  nuJea.  Thej  ne^rcte  a  thick,  lenaciooa,  greyiah.whJlu  flui'l,  which  is  emitted  iu 
large  i|UUilJl5  nt  the  terminatiun  of  the  Beiual  net.  miiHt  likely  trvm  (he  iriuvnnodju  ruti- 
tntrtiuu  of  the  constrictor  ngion  mnicle,  nudar  irlijch  the;  lie.  lla  admixture  vith  the 
male  lemen  haa  been  HUppoiwd  to  have  some  eonaectiuD  with  impregiut^Da ;  bat  qo  jiroof 
whatcverhoa  been  giren  Uiat  auysnch  admiilnre  is  neeeaaary,  Jt  BoeinE  not  im[prubiible, 
buwtTcr,  that  it  may  serve,  tike  the  proaMtie  flaiil  i-l  the  male,  to  give  a  ililuliuii  to  the 
aeminal  Bnid  that  ia  favourable  Iu  ill  lutluD  {i  S42).  Those  glands  were  pr<ihably  kiionn 
to  the  ancienta;  lUid  it  in  duobtleaa  thtir  aecretion,  which  Hi|rpocrflt«anml  othcia  deacKbe 
u  the  female  aemea. 
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by  a  kind  of  reflex  action,  to  reeeivo  the  semen ;  Ijut  of  this  lliere  5 
evidence.     The  introdkiction  of  a  small  quantity  of  the  fiuiil  just  witlii; 
the  Tdgina,  appears  to  be  all  that  ix  absolutely  neceaswy  for  uoneeptiou, 
for  there  are  inany  cases  on  record,  in  whieli  pregnancy  has  occurrwl.  i 
Hpite  of  tiio  cloaure  of  the  entrance  tn  the  vagina  l>y  a  strong  meinbtnD^ 
in  which  but  a  very  Rniall  npertnre  existod.     Tlint  the  spermnti'Zoa  ninke 
their  way  towards  the  ovftrium,  and  feeundate  the  ovutii  either  before  ii 
entirely  quits  the  ovisiic  or  very  shortly  afterwanls,  appears  to  be  tbi 
general  nile  in  regai'd  to  the   Slainuialiii ;  and   the   qtii^itiou  ntittirall^ 
arises,— by  what  means  dotliey  arrive  there.      It  has  been  supposed  th«^, 
the  action  of  the  cilia  wliich  line  tiio  Fallopian  tuViea,  iuip[ht  aocoant  fi 
their  transit ;  but  the  direction  of  this  is  /rom  the  ovaria  towards  tb« 
uterus,  and  would  tiierefore  be  opposed  to  it.      A  periHlaltio  aetion  of  the 
Fallopian  tubes  themselves  may  genemlly  he  noticed  in  animals  killed 
Boon  after  HCKual  intercourse ;  and  in  those  which  have  a  two-liorued 
niembrauouH  uterus,  such  as  is  evidently  but  a  dilatation  of  the  Fallopian 
tiil)e.  this  partakes  of  the  same  luovemunt,  aa  may  be  well  seen   in  ihe 
Ilabl>it;  but  tliis   peristtdtic  action,  like  the  ciliai'y  movement,  is /run* 
instead  of  towards  tlie  ovaries.     Among  the  tribes  whose  nva  arc  fertilized 
out  of  the  body,  the  |iower  of  movement  iohei-ent  in  the  sjiermatozoa  ifl 
obviously  the  means  by  wliich  they  arc  brought  into  contaet  with  th» 
ova;  and  it  does  not  seem  unn^asonable  to  suppose,  that  the  same  is  tlie 
CBBO  in  the  higher  clas-fles,  aud  that  the  tnuisit  of  these  curious  particle^ 
from  the  vagina  towards  the   ovaries,  is  effected   by  the  .'■aine  kind  (if 
action  aa  that  which  causes  them  to  trarei-se  the  lield  of  the  microsoope. 
— We  ahnll  now  consider  the  changes  in  the  Ovum  luid  ite  appendage^ 
by  which  it  is  prepai-eil  for  fecundation. 

856.  Up  to  the  period  when  the  0\iini  is  nearly  brought  to  maturity, 
it  remains  in  the  centre  of  the  ovisac  or  inner  layer  of  the  Graafian 
follicle;  and  it  ia  aupjtorted  in  its  place  by  the  'membmnn  grftnuluea,* 
which  ia  continuous  with  its  proligemna  disk.  The  movenieiit  of  the 
ovum  towards  the  aurtiice,  which  has  been  alivady  rcfcrrtxl-to  asagiart'if 
the  changes  liy  which  it  is  prejiared  for  fecundation,  apjiears  fi-oni  the 
observations  of  Valentin  to  be  due  to  the  following  canae.  In  the  im- 
mature ovisac,  the  space  between  its  inner  layer  and  the  ovum  is  forthr 
moat  part  til!e<l-uii  with  cells;  these,  however,  grailually  diasolve-away, 
espemally  on  the  side  nearest  the  surface  of  the  ovary;  wliilst  an  albn- 
miuous  fluid  is  elfused  from  the  deeper  jiart  of  the  ovisac,  wliich  nusbet 
the  residual  layer  (forming  the  discus  proligcrus)  before  it,  and  thus 
carries  it  against  the  opposite  wall.  At  the  Bimie  time,  there  is  a  gradual 
thinning-away  of  the  varioii.?  envelopes  of  the  tinuilian  follicle,  ad  well  as 
of  its  own  walla,  in  the  situation  of  its  most  projecting  jwrt ;  and  thus  it 
is  preparing  to  givo-way  at  that  point,  for  the  discharge  of  the  contained 
ovum.  Before  rupture  takes  place,  however,  the  ovisac  itself  iinilergiiM 
a  conaidorable  change.  Its  walls  become  more  vascular  ext«ruaUv,  and 
are  tliickened  on  their  interior  by  the  deposit  of  a  fleshy-looking  sob- 
stance,  which,  in  many  of  the  lower  Mammalia,  is  of  a  reddish  colnur, 
whilst  in  the  Human  female  it  is  rather  of  u  yellowish  hue.  Tliia  substaaot, 
known  as  the  Corpus  IttU-uin,  is  at  first  entirely  oompoE<.-d  of  an  aggre^ 
tion  of  cells  (Fig.  116),  and  may,  in  fact,  be  considond  as  an  incremral 
development,  or  hypertrophy,  of  the  'membranous  grsnnloift'  or  cpillielul 
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lining  of  the  oviMw; ;  luiiriy  of  Jta  cuHh,  liowevov,  espocinlly  tlnwi-  iu  iipjx)- 
sitiou  witli  the  enveloping  wall  of  the  tbllicle,  undergo  n  moro  or  less 
complete  tiiLUijfonuation  into 
libi'es;  and  tliiuiii  giikdual  tiirn- 
aition  ia  estaMialietl  between  the 
cellularsubstanoeof  the  intisrior 
of  the  luaHS.  and  the  fibrous 
stroma  of  the  Ovaiiiini  Itaelf.* 
tn  most  domestic  (juadnipeds, 
this  growth,  which  sprouts  like 
a  musH  of  grauulatiou]«  trom  the 
lining  of  the  orisac,  is  often  mo 
abundant,  if  the  o^-iim  he  im- 
jjregnated,  as  not  only  to  fill  the 
cavity  of  the  ruptured  vesicle, 
but  even  to  protmdu  from  the 
orifice  on  the  surface  of  the  ovaiy ;  this  orifice  subsequently  closes,  and 
the  containeil  growth  becomes  gradually  firmer,  its  colour  changing  from 
red  to  yellow.  In  the  Huniiin  female,  however,  as  in  the  Mow,  this  new 
forrantiou  is  iit  first  less  abundant ;  it  does  not  form  uiaminilUry  pro- 
jections from  the  interior  of  the  ovisnc,  but  lies  as  a  uiiifomi  layer  u|(on 
its  lining;  and  this  13  thrown  into  wrinkles  or  folds,  in  couaequence  of 
the  contraction  of  the  ovisac  (Fig.  117,  « — d).     An  irregular  cavity  is 

Pro.  117. 


CeUfl  tOnpinit  the  ori? 


daI  BulMl>a«e  lit  the  Corprnt 
itntm. 


### 


SiHv«ii<p  H1a^r4  of  tht  formal  ion  of  thp  CVvw  Lvtmrn,  ■□  lUr  Onudui  fulHoLr  oftbo  So*, 
u  ■POi  in  TPrtic^oJ  pOt-tinD  ; — M  a  ii  ■bown  ihe  nM*  of  the  foUii^lir  iminMliKtt'iF  Bftfir  thxripol' 

lioiTu-  Euiiniz  vfi  l-iJrf'Ti'pLiK^i* ;  hl  /',  a  IhicLtiDin^-  of  tliis  Unin^'  liit*  l>roiiini.'  ap|>arei>t  -,  Kt  r.  U 
1>rffiD9  l'>  firi'^v'ui  fulfil  vTiirti  Hfv  J^-Ntppn^  «!  il,  uid  the  clnl  of  lj]if>d  m  Hlpqorl'i'd  par*  paittm, 
and  4(  thnMitfl  liint' Ueouloriinl  L  m  Lipntijiuuu^af  iheflunftprDonH.  h  liinwti  mI  f,j,g.kt 
fOrnu  tlic  GorpuK  Lulrum,  with  lU  bIcUaIi?  i^iL'Atni. 

thus  at  tiret  left  iii  the  iiiteri<)r  of  the  ovisac,  after  the  diachargti  of  the 
ovum;  but   this  gradually   diminishes,  partly  in   coriaequence   of  the 

*  By  wnie  obKrvcrv,  U  K5]liker,  ihe  pnQrip&I  put  of  the  new  grovth  ifl  rogonlccl  u 
ttie  result  vf  a  hn^rtnr|4iy  "f  thi-  JQtcm&l  Lnjer  "f  llie  filiman  mmotinuie  of  Ihtf  originiU 
follicfe^  which^  even  bvforu  ihn  i!\|iDLHitiii  uf  the  Oram,  becuiutis  loiwcued  in  luxtEiru  and 
angmQnWd  ia  tlii^^kaeM.  Tht  fat't  iieeuifl  to  be,  tb^Li,  a»  ui  the  oajw  <kf  the  MaLpiKluau 
bodies  of  the  SplerD  (§  143  iiij.  tbtre  lb  im  ititntitLct  llao  of  dciuarcatLuu  bctwv^u  tbu 
tihr^m  v/il  and  tho  ^pfh'iar  iroufcuTi  uf  the  tfW'ie^. 
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inoi'eased  gi^owth  of  the  yellow  subBtance,  (uid  [lartly  owing  to  the  geneml 
contiTictioii  of  the  ovisac,  until  it  is  at  last  nearly  ol)lit«rut<^  or  reduced 
to  a  Kort  of  atuUat«  ciimtrix  {« — li).  An  elTuuon  of  blood  usually  takes 
place  into  this  cavity,  in  the  Utiman  female,  at  the  time  of  the  rupturu 
of  the  ovisac  ;  Imt  the  ooagiilnm  which  is  left,  takes  no  share  in  the 
formation  of  the  yellow  body.  It  generally  lonea  its  colouring  matter, 
and  acfiuirea  thii  characters  of  a  fibrinous  clot ;  and  this  may  either  form, 
a  sort  of  membranous  sue,  lining  the  cavity;  or  it  may  become  a  solid 
nifiM,  occupying  the  centre  of  tlic  Btclliite  cicatrix.' 

S57.  The  later  part  of  the  hiatory  of  the  Corj.iua  Luteiun  is  greatly 
fluenced  by  tlie  imprcgoation  or  non- impregnation  of  the  Ovum  whone 
estruHion  it  has  fojloweil. — If  conception  ilo  not  take-place,  the  corpus 
liitouni  »elduni  attains  a  size  gi'eator  than  that  of  a  small  pea,  and  in  vf  ry 
comuiouly  less  than  this ;  and  it  begins  to  diminiali  about  the  time  of  tho 
next  uioustruation.  iia  shape,  which  waa  at  first  globular,  becoming  som' 
what  collapiscd  and  flattened.  Tliis  diminution  is  due  in  the  first  iiistiui< 
to  the  absorption  of  (lart  of  its  contained  coagulum,  which  usiuvlly  at  t 
same  time  loseti  part  of  its  colouriug-i natter ;  but  coutenijioraueniL'Tly  with 
thin,  there  is  an  increase  in  the  proper  yellow  substance,  which  idso  becomes 
brighter  in  colour  from  the  presence  of  a  large  quantity  of  oleaginous 
matter  in  its  cells.  Soon,  however,  the  yellow  substance  becomes  softer  and 
more  friable,  showing  less  distinctly  tlic  markings  of  its  convolutions^ 
whilst  at  the  name  time  it  becomea  more  intimately  connected  with  thi 
neighbouring  tissues.  The  central  coagulum  becomes  a  faint,  whilishf' 
stellate  cicatrix ;  and  tlie  yellow  substance  afisumes  various  irregtilantt< 
of  form,  and  gnidually  decreases  in  size.  As  a  gi'neral  rule,  the  corpus 
lutcnm  of  the  non-pregnant  female,  is  reduceii  within  six  or  eight  week* 
to  a  very  iiisignificaiit  size ;  but  it  may  then  rcTiiain  almost  unchanged  for 
uiiLuy  mouths ;  so  tfiat,  iu  the  ovaritis  of  females  who  have  menstruated 
regiijaily,  numerous  obsolete  corjfora  Intca  may  be  disl.inguisbed. — But 
if,  on  the  other  hand,  the  ilischarged  ovnm  should  be  ferliUizvd,  and 
pregnancy  shoidd  su[iervene,  the  corpiia  luteuni,  instead  of  reaching  it* 
maximimi  of  development  in  three  or  four  weeks  and  then  undei^ing 
atrfiphy,  continues  to  develojw  it-'ielf  for  a  considerable  ]ieriod,  and  dwM 
not,  in  fact,  become  very  decidedly  retrognwie,  until  after  the  tenninntii 
of  gestation.  This  difference  relates  not  only  to  its  size,  but  also  to 
a.'<pect  and  general  cliaracters.  Its  size  appears  to  be  usually 
between  the  thin!  and  the  sixth  months  of  pregnancy;  it  retsons 
globidar  or  only  slightly -flattened  form ;  and  it  continues  to  give  to 
touch  a  senw  of  considerable  I'eBistoiice  and  solidity.  The  con 
wall  of  yellow  substance  becomes  much  thicker  in  proi-iortion  to  llw 
in  its  interior ;  so  that  whilst  in  the  nou-iinpreguated  female  its  thii 
never  exceeds  one-eighth  of  an  inch,  and  is  Uiitially  much  leas,  that  trf  tt« 
pregnant  female  measures  as  much  as  from  three-sixteenths  to  ono-fburtb 
of  an  inch.  Tliis  substance,  moreover,  acquire^atirmerand  mora  bi^I^ 
organized  stnicTture;  but  instead  of  presenting  an  inci'eased  brigbttiMi 
of  eoluur,  it  fades  to  a  di^sky  and  indefinite  hue.  As.  from  the  time 
that  impregnation  takes  place,  the  periodical  activity  of  the  ovaiy  u 
HUs)>ended,  no  new  vesicles  protrude  themselves  from  its  sur&c«  nntil 

•  Thitpnmiw  wm  first  »ceumliilj  degitribed  !iy  M.  Poutlict.  in  bit  "  Tbfurii  hvlif* 

ie  I'OTuUliim  SpuHlantf, "  1S47. 
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Kfter  the  cotupletioa  uf  gestation ;  aud  wen  tboeo  whiob,  lit  tliu  date  of 

Boi)0(>ptioii.  buppenetl  to  bo  more  or  less  pniininent,  nfifiear  ugaiu  to 

pvOMle.     Henc«,  if  tlic  period  of  pregnancy  bo  at  nil  adviwued,  tlie  cuiinia 

■atutim  h  not  fuiind,  like  tbiit  of  meustruatiou,  in  compiLny  witb  uu|-ii|i- 

hur^^l  vriiiciea  iu  active  process  of  Jcvelopiueut.      After  jiurtufition,  tbo 

Burpua  liit(-tim  nipiillj  diintiiisliUA;  tlRnigb  its  cbaract^riatiu  structure  is 

■till  U>  1"'  Jiatiiij^iusht;<i  fcir  many  mondis,  by  oloae  ina[wction." 

H  858,  This  foreguing  ilLfforenees  (wliose  onlinacy  oxistonee  amy  bo  oon- 

BdiTi'd  ii»  WL-ll -).■£( a bli^hvii.  nltliuugh   it  may  not  be  ufiirine'l   tbat  tliey 

|iriTM<iit  llieinsL'lvea  ciiuracteristiciilly  ia  eiiuh  iniiividiial  db.sl')  aru  proliftbly 

Ui  In-  attributed  to  tho  iaureaaett  detemiiiwlion  of  blood  wbicb  takts 

|>Iarc  to  the  whole  Generative  apparatus,  wlion  it  is  in  a  state  of  exalteil 

functional  activity.     It  ia  a  question,  however,  of  much  scientific  iutareat, 

•Jid  one  that  ocoaaionally  bt-comea  of  importiuice  in  Juridiiml  iuvi^atiga- 

tioiis,  what  df^free  of  resemblancB  may  exist  between  the  corpus  luttium 

which  is  formed  after  the  mere  extmeioD  of  au  ovule,  and  that  which  has 

eii  iii'.>(lifle<i  by  tlie  sujicrvention  ot  pregnancy.     For  it  is  imipiestiou- 

hte  tbat  an  unusual  development  of  th«  fibro-eelluliir  substance  may 

oini'limi's  occur  without  impregnation;  whilst,   on   the  other  hand,  the 

dwng>^s  which  usually  follow  impregnation  may  take-phicc  no  much  less 

iliwncteristiealiy  tlian  usual,  that  the  corpus  luteum,  enin  at  the  middle 

vriuil  of  jiivguancy.  may  bo  no  larger  than  that  which  is  often  found 

rbcrv  ])reguancj  has  not  occurred.      These  variations,  which  seem  maiuJy 

I  depend  upon  dill'erences  in  the  degree  of  vascular  excitement  of  the 

•ivaiits,  aecoiajjanyiay  and  ancoeeding   the  extmsinii  of  ova,  render  it 

iinp'iKsihle  to  diaw  uuy  definite  lino  of  demarcation,   by  which  wo  may 

ut  once  determine  what  are,  and  what  are  nut,  the  results  of  conception  ; 

but  the  following  practical  ndes,  deduced  from  a  consideration  of  all  the 

circnm stances  yet  kno\ni,  may  bo  laid  down  for  tlie  guidance  of  those 

■who  find  it  desirable  to  have  some  atiindard  of  judgment — "  1.  A  Corpus 

L-Mteuni,  in  its  earhuat  stage  (that  is,  a  lai^e  vesicle  filled  witb  coagulated 

blood,  having  a  ruptured  oiilice,  and  a  thin  layer  of  yellow  matter  in  its 

(■alls),  atrords  no  proof  of  impregnation  having  tiken-ploce. — 2.  From 

presence  of  a  Corpus  Lutc«m,  the  opening  of  which  iji  closed,  and 

die  cavity  reduced  or  obliterated,  only  a  stellate  cicatrix  remaining,  also 

conclusion  as  to  pregnancy  having    existed    or  fecundation  having 

icurred   ean  he  drawn,  if   tlie    corpus    luteiim    be   of   small  size,  not 

Sontsining  as  much  yellow  substance  as  would  form  a  mass  tho  size  of  a 

pea 3.  A  similar  Corpus  Luteiiui  of  larger  eize  than  a  common 

would  lie  strong  presumptive  evidence,  not  only  of  impregnation 

having  taken   place,  but   of   pi-egnancy   having  existed  during   several 

Ftickii   at   least;  and  the  evidence  would  approximate  more  and  more 

I  complete  proo^  in  proportion  as  the  size  of  the  corjius  luteum  was 

ater.-'t 

S/iO.  Since  the  discharge  of  matured  Ova  from  the  ovaries  takea-jilace 
I  Independently  of  sexual  intercourse  in  the  lltiman  female  (and  in  the 
ffTnmnlln  genei'ally),  us  it  does  in  those  animals  whose  ova  are  fertilized 

•  See  eapedklly  the  Priie  EnJuy  of  Dr.  J.  C.  Dntlou,  "  On  the  Corpna  Lateum  of  Men' 
FiUuitiiiii  and  Pr^fniuiF;,"  in  iho  "  TniiiBiut.  of  the  Americui  Medina]  AaBuciatiun"  for 
|_I)I£1.  utiil  lepanitely  lepriiilfd,  Fhiladclphioi,  1S51. 

t  (>«!  Dr.  ^tlfa  "  Supplement  to  HuUer'a  Fhjiiiolog;,"  p.  ST. 
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out  of  the  body,  it  seems  utinecesaary  that  the  seminal  fliiiil  ahoulil 
reach  the  ovarium  in  order  to  effect  the  fei-tilimtion  of  the  ovu,  since 
this  euJ  muy  be  answered  by  the  contact  of  tho  two  in  the  Fallopiun 
tubes,  or  t'Veii  in  tlie  Uttrus  itdolf.  From  the  experimeiita  of  Biai-hotf. 
however,  it  aj'pears  tbiit  iu  rabbits,  bit«lii_'S,  «.nA  pi'ol>»biy  in  most  olher 
Maniniftlia,  sexual  union  usually  tnkes-pliiw;  previously  to  the  wcaiBi  of 
tlie  ova  from  the  ovary,  iiTid  that  Hufficient  tilut'  often  elapses  for  the 
fioiiiiiiiil  fluid  to  roach  the  ovury  btforcj  their  exti-iision  otvui-s:  in  snch 
cases,  therefoi^',  it  would  seem  probable  that  tVeunJation  ia  efft'cteil  at 
the  ovary  itself.  That  such  occasion  ally  hiippena  in  the  Human  tuiiiiJc, 
aeeina  to  l>c  uncipiivi>cally  jiroved  by  the  occiiiTenoe  of  tulral  or  even  of 
ovarian  fcetatiou;  the  ovum  having  received  the  fertilizing  iiiHuence 
irtimcdi'itely  tipon  (juittlng  the  ovisac,  or  even  before  it  has  entirely 
extricated  itself  from  the  ovary,  and  having  been  in  some  way  ohect^d 
iu  its  transit  towards  the  uterus,  so  that  its  development  has  taken-place 
in  the  spot  at  which  it  has  bpcu  fttrested.  It  is  affirmed  by  BisehofT  ^_ 
that  by  the  time  the  ovum  readies  the  uterus,  or  even  the  lower  end  of  ^M 
the  Fallopian  tube,  its  cajiacity  for  inipregnaKion  is  lost;  but  this  aaser-  ^* 
tion  chiefly  rests  on  the  oeSBiition  of  aexual  desii-e,  observed  in  thnsu 
animals  in  which,  after  death,  the  ova  were  found  in  these  situationa. 
Tliere  is  every  reason  to  believe  that  this  is  uot  the  ease  in  the  Human 
female;  for  although  the  sexual  dceiro  maybe  the  strongest  alwiit  the 
(leriod  of  the  maturation  and  escape  of  the  ova,  yet  it  is  by  no  uiMiiia 
wanting  at  other  times;  and  the  occasional  occurronee  of  cases  in  which 
iuipregnatinn  has  taken-placc  from  a  single  coitus  in  the  middle  of  rho 
interval  between  the  uicnatriiol  jtcriods,  sliowa  cither  that  the  ovum  uiuy 
retain  its  caimcity  for  impr^nation  for  some  time  after  its  eecwpe  from  the 
I'vary,  or  that  it.s  mutumtion  and  extrusion  are  not  by  any  means  in^nri- 
ably  coincident  with  the  meimtmal  j)eriod.* — Tiie  ova,  when  set-lrt*  from 
the  ovaries  by  the  rupture  of  the  ovisacs  and  the  giving-way  of  their  sevtral 
envelopes,  are  received  by  the  fimbriated  extremities  of  the  FallopiftU 
tubes,  which,  during  the  j>eriod  of  sexual  excitement,  appear  to  be  dosely 
applied  to  the  surface  of  the  ovaries.  Their  conveyance  aJoiig  the  Fallopiau 
tubes  is  proliably  due  in  jiart  to  the  peristaltic  movement  of  their  walls. 
and  in  part  to  tlie  iictlon  of  tlio  cilia  which  clothe  their  iutemal  surfiiop. 
fiCiU,  The  object  of  the  changoB  which  have  been  already  described,  is 
to  bring  the  Ovum  within  the  rejich  of  the  fecundating  influence,  and  to 
convey  it  into  the  uterus  after  it  has  been  fertilieed  :  we  hiave  now  Ui 
conaidei'  the  chaugos  of  the  Ovimi  itself,  which  tafcc-pjftce  during  iim 
same  epocli, — At  abi:iHt  the  same  period  that  the  ovum  moves  towuib 
the  periphery  of  the  Oruafian  follicle,  the  genniiial  vesicle  moves  towaniir' 
the  |)eripheiy  of  the  yolk ;  and  it  always  takes-up  its  position   at  the 

*  See  a  cuo  of  this  kind  records!  by  Dr.  Oldbtm  in  tfae  "  Mrilioil  OuetUv"  Jolj  Il> 
18-19. — InntoiiKM  htk  ccrtainlj  nnt  anrrequeot,  in  vb'icb  cunpopliun  han  t&ken-pUre  lltvor 
Mix  dbjanfttir  thv  cnncliiFiuin  uflhu  mt^LKlrujLl  iKriixl;  Lbe  Author  hat  himi^lf  kntivB  «tte 
iu  which  Ihin  Mtiirrdl,  uttvr  the  menstnml  B-m  ilnelf  liml  pcniiiiled  for  a  B«k.  Il  bw 
been  uri^il  thnt  i.ho  known  fi^rtitit]'  '>f  tlie  Jewish  fcnmlis,  whu  nlirlaiii  rioiii  wiiiU  isMr 
rnurst'  lor  eight  li.iya.  iir  iivoii  tliirlwn  Jnjc,  (ifler  Ihe  lermiiintii-u  i.f  tlit  <AtuDflu^  i« 
o|ipanecl  to  tiie  idea  chnt  tha  meniitrniil  iwrioil  in  Uuit  of  '  heat ;'  liut  iLrre  >i  mua«  Id 
believe  iLnt  thin  in  bi  Us  luvoitntvil-ror  in  nuotlivr  wkj,— luuuelj,  hj  lllp  onul  iwn.MIMM 
if  eonceiition  fri'ln  inhrriinne  iintnertiiilely  fi^art  Ihr  news  nf  (iiv  miImuiuL  (SM  Mi- 
fiirdwonil.  in  the  ■'  Uncet,"  Dec  14,  1B44.) 
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_  _  _wnl  oriUu  fttnii  [ii'ltuciila  wiiiclt  is  u«tti-i«t  iIih  oviau.',  iiiid  wliioli 

1  dawet.  tlierefortj,  to  tliu  aurfiio*-  of  the  ovmy.      Muivuver.  tliu  ycniiiiml 

ol  is  Alwtiys  oil  tliut  |)art  of  tlir  ^(LTmiual  veaide,  wliicli  is  in   elixH'Bl, 

ct  will]  tlio  xona  jidliioidjL     Tims,  tlio  gi-rrniiiAl  spi>t  is  very  iicjir 

Kteriiir  of  Llie  ovary ;  but  it  is  se]ianit«il  fi*(.ni  tlie  i>ei'itniieBl  coiit  of 

r,  by  a  lliiii  lnyer  of  its  strnma  forniin^,'  ttit  eitenuil  wjjl  of  tiic 

^       I  follicle,  liv  the  ovisac  forming  its  iuterrial  iiienihi'iiho,  anil  liy  tlit' 

iA  pelliH'iila.     As  sooQ  as  tLcNi-  givt'  way,  tiioro  is  uotliiay  to  prevent 

bf  s|K'niiJiti-Eoft  ftiJTu  toming  into  direct  coutuct  with  tlie  o\nim,  evtli 

iforr  it  ipiitn  tliQ  ofiiuu;.      Tliivt  such  coiituct  is  lui  csseatial  rondition  of 

OiiU'ljitioii,  there  ia  L-very  reowm  to  hdiuve;  altliongh.  as  to  thepix>ciwj 

BiitiiiL-r  in  whifli  it  opei'otps,  we  are  at  present  in  the  dwfc.     There  can 

HO  doubt  thut  it  is  iu  tht  contact  of  tbe  is[)ei-in]itozua  with  tlie  oviini 

tt4o).  aud  in  the  changes  wliich  occur  as  the  irame<liatL'  cotiiier|Ueuc<!  of 

\t  cmutact,  thnt  tlio  act  of  Feeuii diction  eBsentinlly  conaista.      The  ini«l. 

ent  observations  of  the  late  Mr.  Newport  upon  the  process  of  impreg 

tioM  of  the  Frog  (some  of  which  the  Author,  through  the  kindni.«s  of 

Ir.  N.,  had  the  opportunity  of  verifying),  sLow  that  the  Bpei-mulozcm 

ne  imbedded  lu  tbe  gelatinous  eiivelo])e  of  tiie  ovum,  within  ii  few 

after  they  come  into  contact  with  it;  and  th«t  they  then  iihso- 

]y  pass  tb rough  the  vitelline  membrane,  into  tbe  interior  of  theOvum," 

irltcrc  tliey  probably  undergo  a  gradufJ  dittiuejice;  and  tliUH  the  pi-odiiet 

'Bpenu-ceir  may  be  absorheil  into  the  '  germ-cell,'  and  may  iiiler- 

^e  with  its  euntentH,  the  Kpermutozoou  being  nothing  else  thiui  an 

ibodiment  of  tbe  fertilizing  material  developed  within  the  aperm-coU, 

jritiuh  is  endowed  with  a  tem[>orary  power  of  movement  in  order  thiit  it 

ay  find  its  way  to  the  Oviirn.      It  has  been  niniarked  by  Mr.  Newpttl, 

at  S[>urmatozoa  whose  spontaiiooit.s  motility  has  ceased,  no   longer  pos- 

the    fecundating  power ;  and  tliis  tact   concurs  with  other  i)heno- 

Ftna  to  indicate,  that  it  is  not  only  a  eei-tain  jnaltrial,  liut  a  I'ital  Jiirn<- 

rhich  that  material  is  (so  tu  apeak)  the  vehicle,  which  is  required  t« 

Efpct  this  most  important  operatioiL 

801,  The  precise  share  which  the  Germinal  Vesicle  performs,  in  the 

.  wliicb  take-place  in  the  ovum  about  the  period  of  fecundation, 

not  yet  been  satisfuctorily  determined.      According  to  Dr.  Bany  (loi'. 

it.),  the  germinal  vesicle  becomes  filled  with  a  new  development  of  cells, 

rhich  sprout,  us  it  were,  from  its  nucleus  (the  germinal  spot);  and  after 

cuDdjktion,   a  piiir  of   cells   is   seen    iu    the   sjiace   previously   occupied 

the  ix'llucid  centre  of  the  nucleus,  which  h  developed  at  the  expense 

'the  rest,  and  is  the  tnie  foundation  of  the  embryonic  Mtructure.      This 

ew  ia   to  a  certain  extent  confirmed  by  the  observations  of  Wagner 

.  iliB  ova  both  of  Frogs  and  Mammalia,  and  by  those  of  Vogt  on  those 

the   Ilanii  obglctrij^im  ;  l)oth  of  wbich   lead  to  the  belief  that  such  a 

i  of  cell-formation  does  take-place  within  the  germinal  vesicle,  but 

instead  of  the  further  development  being  carried-on   within    the 

'?hiW   TmiiKuH,,"  ia5:<.  pp.  3flfl-2Hl.— Priif.   fiischoff,  the  highwt  aDlhnrit;  on 

hi«  siil>j«:I,  wlw  hiui  ilispnlcl  Ibe  validity  iif  all  previous  obgurysticmB  un  thu  jmuetrstion 

f  the  SiMn'mttioiiMi  inti)  the  inltrior  nf  the  Ovum,  luK  fnlly  I'oiifinueil  tbiiw  nf  Mr.  Ktw- 

■  lio««f  lameDtiyl   ileikth   preront^sl  Lim  fmni  eojoyiiig  tJic  natififa^tion  wliihb   thin 

tiniouy  lo  liis  (nwumcy  woiiM  have  afforded  him. — See  also  Dr.  Bony  io    "  Philoh, 

"  ia*U,  p.  fi33 ;  aii.l  Dr.  lUnfiomtf,  in  "  Prufced.  of  Biiy.  Sw.,"  Nov.  23, 1S51. 
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germinal  veaiftL-,  as  muintinnetl  by  Dr.  Barry,  this  mptiirea  antl  sote-freoj 
tlie  cells  tlint  bad  been  Jeveloped  in  its  interior,  which  we  now  iltsperst-d  j 
thi-oiigh  the  yolk,  whose  ultetior  changes  taki^place  iindor  their  influtnt'e. 
Mr.  New{K)rt's  view  ia  iieai'ly  the  sumc  an  lliis ;  and  he  states  that,  in  < 
the   Frog,  this  di-taolution   of  the  germinal   vesicle  iind  (lifluHion  of  its  ' 
contents  tn.ke-jihice  aa  a  prejiaratiou  for  fecundation,  and  not  in  conse- 
quence if  it.*     That  the  Kerrniiial  vefliclc  is  no  longer  to  V-  seen  ■when  I 
the  metiunorphoses  of  the  yolk  have  commenced,  w  now  universjilly  «il-' 
mitted;  hut  with  regard  tii  the  antecedent  [irocess  just  dest-ribeil.  there 
ia  atill  a  want  of  accordauee  amongst  Enibiyologiats,  its  existence  heing 
altogether  clenied  by  BiHchoff,  who  iiiaiotainB  tliiit  the  germiuul  veaiela 
simply  diaaojvea-away  shoitly  after  coition.     Tlie   Aiitlior  is  strongly 
inclined  to  believe,  however,  from  lii.s  own  obseirutiona,  ns  well  as  from 
A  priori  conaiderationa  based  on  the  hiatory.of  Vegetjible  fertilimtion, 
that  there  is  a  development  of  cells  within  tbe  germinal  vehicle,  nt  the 
time  of  ita  maturation ;  and  that  it  is  by  the  influence  of  the  aperiuntia 
fluid  upon  one  of  these  cella,  after  it  has  been  set-free  in  the  midst  of  tb«  ] 
yolk  by  the  rupture  or  diHluenee  of  the  germinal  vesicle,  Lfaa,l  the  firati 
cell  of  the  embryonic  fiibric  is  genemtcd. 

8G3.  Having  thus  noticed  tlie  prineijial  points  of  the  hUtory  of  thcl 
development  and  inipregiiatiou  of  the  Ovum,  we  shall  proceed  to  consider  j 
the  provisions  made  for  the  I^ntritiou  of  the  Embryo,  through  the  Oener»-  J 
tive  apjMinituH  of  its  female  Parent,  up  to  the  time  of  parturition  ;  defer-^ 
ring  tlie  history  of  ita  own  Development  for  that  ae|>aratc  consideration 
which  the  imjiortaiicu  of   thia  subject  demands  (Sect.   4). — About  tliw 
time  tliat  the  ovum  ia  leaving  the  ovary,  the  cells  of  the  proligerous  di*k 
which  immediately  auiTounds  the  zona  [)etlueiihi  become  club-shaped; 
their  small  ends  being  applied  to  the  Burface  of  the  ovum,  bo  as  to  pro 
it  Bomewfaat  of  a  stellate  ajipearanee.     Aoc<irding  to  Uisubofi)  these  oeUn 
entirely  disa]>|war  from  the  ovum  of  the  Rabbit,  as  soon  as  it  has  enteral 
the  FiUlopiiin  tube :   whilat  in  the  Uitoh  they  become  round,  and  oouti&iw 
to  invest  the  ovum  in  this  form  tlu-oughout  its  whole  transit  to  the  vitcrUK 
During  ita  passage,  the  ovum  acquires  a  sort  of  gelatinous    envelope,, 
which  is  enclosed  in  a  membrane  of  librous  texture,  termed  tbe  fAonwtl 
This  envelope  is  probably  of  an  alliiiiiuiwiis  nature  in  really,  con-eejioud- 1 
ing  with  the  'white'  of  the  Bird'.-*  egg;  wliilst  the  fibrous  teirturc  of  lh«| 
clioriou  seems  to  be  ])roduced,  like  the  meiubranoua  basis  of  the  egg-ahell] 
of  the  bird  (Pkisc.  OF  Gek.  Puys.),  by  the  eicudution  of  Bbriu  from  the 
lining  memhrane  of  the  Fallopian  tube  or  oviduct.     The  outer  laver  ■ 
this  euv«lo[)e,  in  the  egg  of  the  Bird,  is  conaoliilated  by  the  depo^tioo  i 
particles  of  carbonate  of  It  me  in  its  arcolie;  and  none  of  it  undergoes  anj 
further  organization.     The  Chorion  of  the  Mammid,  on  the  other  hitaA,  i 
iBdestineil  to  undergo  changes  of  a  much  higher  order;  which  aihipt  it  CtJ 
participating,  to  a  moat  inijiortant  degree,  in  the  nutrition  of  the  ineludiJ  ' 
embryo.     The  first  of  these  changes  conaistfl  in  tlio  exlentuou  of  tlj* 
ct.'llular  surface  of  the  membrane  into  a  number  of  villous  prulon^tian\ 
which  give  it  a  spongy  or  shaggy  appearance  {Fig.  122);  theoe  sem  a* 
absorbing  radiclea.  and  form  the  channel  through  which  the  emhtyn  b 
nourished  by  the  fluids  of  the  parent,  until  a  more  perfect  communic»tian 
ia  formed  by  the  aubaequcnt  extenaion  of  vessels  into  Ihcm  {§  865). 

•   "Pl.ilus.  Trsuaiiot.,"   1851,  p,  ITS. 
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Sfi3.  We  hftve  now  to  a[ienk  of  thf  clinngcB  in  tlie  TTtenm,  whicli  lake- 

iti  conBoquence  of  Concoption.  antl  wliicli  pm|iare  it  to  receive  tlie 

Of  tliew!  the  most  iniiwrtftnt  ia  tlie  forniutiou  of  tbe.  Membnina 

,80  called  fram  its  I'l-ing  i-n»t-oiral  e.ieli  1 11111  uritioii.     'rhismeni- 

DO  has  been  osually  sup[Kiaetl  to  be  a  nev  fornwtion;  aud  tiou  buea 

rib«d  as  originating  in   eoagiiable  lyiujih  tlirowii-oiit  oa  tlie  inner 

'  of  the  uterus,  into  wUich  vessels  are  pivilonj^ed  from  the  aubjaoent 

iil>9t»DCe.     It  o[i|war9,  liowover,  fiHun  the  reseai-ehea  of  Profra.  Bhnrpoy 

111  Weber,*   timt   this  is   not   tlie    ti'uo  liocount   of  it;    and   that  the 

ridua  vera  is  really  com  jioaeil  iif  the  inner  portion  of  tho  Mnoous  nieiii- 

ae  iUflf,  which  iimiergiiean  eMiaiilernljleolmngoin  ilflclinnlcter.      Tlie 

Mucins  niemliTOiie  of  the  utenis  (Kissesaea  on  its  five  suHacu,  a  tubiiliir 

nature  (Fi^  118,  Hi)),  not  very  unliliotbat  which  hiu)  been  deaoribed 


Pio.  lit). 


Pin.  119. 


Fie-  US.  Switim  ot  the  Lai'itg  ttrmlffapr  'if 'I  Unrtfin  VtemtaX  tho  pJ^r.-Hl  of  erimmpncinp 
piT^nn^'J,  twicfl  Iho  iialurikJ  BiM-i  nhuwiii^  Tb**  WTfcTU'enieTil  ind  nTVier  pa^'ulJHntiAl  olxiin 
clutdi  J,  J,  d,  W11J1  ctwir  orillcpA,  ■>,  fi,  u,  4tn  tbc  iulprnml  Burfecc  of  ttif?4jri(i»D. 

Fie,  nu.  AnirtkpQoF  Fig-  lid  imno  enUrged,  iihi>irmg  tlio  oonTDlul«d  fljLtn-mitin  uf  Ihd 
IBbiQar  KludiilK- 

SB  existing  in  the  lining  nienibitmo  of  the  stomach  {§  04).  This  tubular 
portioD  becomes  thickened  and  inci'eased  in  vascularity,  witliin  a  short 
time  after  conception;  and  when  the  inner  sarfnce  of  a  newly-impreg- 
nated Utrnia  is  examined  with  a  low  mftffniiying  power,  the  orifices  of 
Cery  distinctly  seen,  being  lined  with  a  white  epithelium, 
lela  form  a  very  minute  network,  which  extends  in  loops 
llQllor's  "  ElemeDtfi  of  Plifsiolngj,"  pp.  1ST4-1SS0. 
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from  the  aubjaceut  portion  of  the  niembi'ane.      According  ffl  tlie  obser 
Vtttions  of  Prof.  (Joodair,*  tlie  interfoUicuIar  spaces  also  are  crowdixi  with 
mcleatnl  particles;  and  it  b  to  the  dovolopment  of  this  interfollicular 
substance,  as  well  aa  to  tht;  eulai^ement  of  the  follickv  themselves,  osil 
the  copious  development  of  epithelial  cells  in  their  interior,  thai  tin' 
luucoiis  niembrMue  in  tliis  condition  owes  its  increased  thicknoss.     Thi& 
increased  development  appears  to  have  reference  in  jiart  to  the  temjHSrary 
nutrition  of  the  Ovum,  and  in  piu-t  to  the  further  evolution  of  the  d&-l 
cidutti  substance  itself  in  the  formation  of  the  Placenta.      Tlie  cavity  of 
the  Uterus  shortly  becomes  tilled  with  a  fluid,  evidently  poured-ont  from 
the  follicles  tn  its  wallts,  and  containingalarge  number  of  nucleated  cells, 
and  in  this  the  villi  of  the  chorion   imbed  themselves,  obviously  for  the 
pui'pOfie  of  deriving  from  it  the  materials  required  for  the  development  of  I 
the  embryonic  structui'^si.     These  villi  aiv  easily  tnkce<l  in  the  Bitch  (an 
Dr.  Sliarjipy  first  pointed-out)  into  the  mouths  of  the  uterine  glnndul«;,  , 
Home  of  which  iit<:  composite  iu  their  structure,  a  single  outlet  being 
common  to  a  number  of  follicles;  but  they  have  not  yet  been  so  traced 
in  the  Human  subject.  ^J 

664.  The  Deciduous  membrane  is  fouud  at  a  later  period  to  oonmst^H 
of  two  layers;  the  Decidita  vera  lining  the  uterus,  and  tlie  ftciViui  ^i 
rejtexa  covering  the  exterior  of  the  ovum.  Regarding  the  origin  of  this 
second  layer,  there  has  been  a  good  deal  of  difference  of  opinion.  The 
doctrine  first  propounded  by  Dr.  W.  Hunter,  which  is  indicat«d  by 
the  name  be  bestowed  upon  tlie  membrane,  was  that  the  "  deciJoa 
reflexn'  is  a  portion  of  the  true  decidua,  which  has  been  pushed  before 
the  ovum  at  its  entrance  into  the  utenis;  it  being  supjxwcd  that  the 
true  decidua  forma  a  completely  closed  sac  (like  that  of  a  serous  mem- 
brane), against  the  outiiulo  of  which  the  o^Tim  is  applied,  so  tliat  it 
comes  to  bo  invested  by  a  double  Liyer  of  it,  as  tlie  heart  is  by  llie 
pericardium,  or  the  lungs  by  the  pleura.  But  this  view  is  negfttive<l  by 
ft  number  of  eonsiderations.     For,  in  the  first  place,  the  original  di'cidua 

does  not  form    the  clo3c<d   sac 
Fni.  120.  which  this  Rupposition  involves^^ 

but  exteuds  {like  the  iuu(.-uu>^| 
membrane  of  which  it  is  a  met*-  ^^ 
moiphosed  form)  into  the  Fal- 
lopian tubes;  and  the  ovum,  tn 
its  entrance  into  the  utem^l 
i-eally  Les  upon  its  int«nud  but-  ' 
face.  But  again,  the  textui*  of  j 
the  two  layers  is  very  different ;  j 
for,  as  was  firat  poiut<!al-(iut  by  I 
Prof.  Gooilsir  (loc.  cit.),  tho<l»-| 
cidua  retlexa  i-i  almost  cntirdT 
composed  of  celln,  exhibiting  few  or  none  of  the  orifices  of  the  glandular 
follicles  wliich  itre  cliai-iict#ristic  of  the  decidua  vera,  except  near  the  pirt  ^^ 
where  the  two  layers  are  continuous.  According  fo  the  observatinns  oE^H 
M.  Coate,  however,  there  is  a  considerable  resemblance  between  the  twi>^^ 
layers  at  an  early  period;  and  he  considers  the  following  to  be  the 
mode   in  which    the  second    investment  is  formed.      \Vhen   the  umm  ■ 

*  "  AaatDDiical  and  I'hyuolngiml  ObaenUiouH,"  clu4>.  ix. 
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iUts  tlir  iiteniB,  it  liiHMnm-s  fMii-tiiilly  imlii'ildeil  iii  the  suhstiiiicf  of  l.hi* 
cidiio.  wliii'h  is  as  yd  iiiiitu  soft  (Fi^.  121.1);  lUid  lliis,  I'weiviEii;  mi 
BQixiisi'd  tiiitritiou  at  tlie  part 

rith    whiuli    iJie   ovum    comes  I'l"-  I*'' 

DlU(M>nlaiTt,grnwa-u[>iU'ullll(lit, 

dry  niucL  afU'T  tlio  jumiiier  in 

tliU^t    the  fleshy  gmniilutiuim 

aw-UJi   urouiiil    tUo    [leii    iio- 

ided  in  ii  (nustic  isHiie.    Thia 

KtriisiaD  of  tlie  d(?ciiiiial   Hub- 

\cv    continues     (I'^iy.    131), 

itil    it   has  completely  eave- 

ths  oium ;  tiiid  it  ia  tlius, 

ing  to  him,  tlmt  tlie  deni- 

'  ppflesa  is  foiTued,  iii  con- 

tinoity  with  the  decidiin  vera." 

.  the  o^Tjm  iuci-easoj  in  sizo,  the  cavity  between  the  deciduu  vera  and 
be  iliwidua  refloxrt  gi-jdually  diminiabesi;  and  hy  the  end  of  the  3pd 
Dtintli  the  two  layers  oomo  into  contact,  anil  are  heiicofoith  scuroely  of 
Dt  at  ull  (tistin^uishable. 

8iJS.  The  surface  of  the  Ovum,  thus  surroumied  >)y  the  dtinhlii  Inyor 

the  deciduous  memhi'a.ae,  in  ren- 

nivd  sLuggy  by  the  growtli  of  villous 

Rifbi  from  th'T  snrtijce  of  its  invest- 

;  Choritm  (Fife'.  122).   Each  of  these 

afta,  as    was    fij*st    ]iointecl-ont    by 

?rof.  Coodsir  (ioe.  cit.),  is  composed 

'  on  awumbla^e  of  nucleated  cells, 

vhich  are  found  in  v.irioiifl  stages  of 

Evelopineut ;  and  these  are  always 

ttdosed  within  a  layer  of  hasiiment- 

D<.'int>ntue,  which  seems  to  be  itself 

ouiiKiBe<I  of  flattened  cells  iinitt'd  by 

heir  edges.      At  the  free  extremity 

eacli  villus   in  u  bulbous   expan- 

Bitm,  the  cells  composing  which  are 

■  arrtinged  round  a  centi-al  spot ;  and  it 

^■ie  at  this  point  lliat  the  most  autivi: 

^IproceiBes  of  growth   t»ke-phice,  the 

'       vill  118  elongatiiig  by  the  development 

of  new  cells  from  its  germinal  spot.      BnH»ir.-<„,OBi-rfW,-«l,...t,^enli,,« 
d  (like  the  pnongiole  of  the  iilaut)   >b  ifnuUi  I""'  iiK>koninB  ihoiufti.);  ihr  miriM'i. 

^.  -  '  .    r  *!.  -I     iJftlitfCnotiun  iiarllvfltuDorti,  Bed  partlv  n^nirrr-l 

rawing-in  nutriment  rrom  the  sou   ih«^i!r  bj  iLe  gnnoh  uf ijn«. 
in    which    it   is    inibeilded, — In    its 

Uest    gnule   of   development,   the   chorion    ajid   ita   villi   contain   UO 


Fill.  12S. 
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Tliix  doctriQe  wu  Rn't  nnnounroil  by  M.  Caste,  iu  a  ecmmuDieation  ti>  the  Pnriniun 

Aoulnoy  'f(  Si:i«ucu3,  OD  thti  i'iUils  uf  uh^rvations  od  tnn  ETtcrL  At  the  '2Uth  uiil  2.^th 

ftal  gcBtatiuii.     (See  ''  Cumptcs  Keiidut."  Mni  31.  ibJT.)     It  eceiii:<  to  be  tliut  »liii;h 

■Itogetlier  tuuBt  in  liBnnon;  with  observcc]   Cb^Ih;   mid  e!i|Wially  with   tliOHe  nijtiiTfd 

_    frofcMD^  Rhurpej  &ud  Weli^, — See,  also,  the  Mei^ioir  oS  M,  Kirhio,  on  the  Mucous 

Mrmlnnne  rf  the  Ulerus.  in  the  '"  Arehiv.  Gen.  de  Mfd.)"  4e  8er.,  turn.  ivii.  iviii. 


8in 


OF  OEmtl&TION: AC 


Pm.  123. 


vnasGls;  anil   tlio   fluid  <Irawii-in   by   tlie  tufte  b  <raiiiinuiiicat«d  Ui  tlie 

embryo,  by  (Jio  absorbing  powers  of  tlie  gcrniinB.1  membrane  of  tliB 
latter.  But  when  the  tufts  are  peiietrated  by  b I ocmI -vessels,  and  tlieir 
comrauuication  with  the  embiyo  becomes  more  direct,  the  moans  by  which 
they  CO m.muni Gate  with  the  jiareiitore  found  to  beatili  e^entially  thesanic; 
namely,  a  double  layor  of  nucleated  cells,  one  layer  belonging  to  the  foilal 
tuft,  and  the  other  to  the  vascular  matemcil  surface.  It  is  from  these 
elements  that  the  PbieeiUa  is  formed. 

866.  The  first  stu^  in  this  process  consists  in  the  est«naioD  of  the 

Fintol  vessels  into  the  villi  of 
the  Chorion  over  its  entire  sur- 
face, in  the  manner  hereafter  to 
be  detailed  (§^!I3);  ao  that  the 
nutriment  which  these  villi  im- 
bibe, instead  of  being  merely 
added  to  the  albuminous  fluid 
aurrouudiug  the  yolk-bag,  ia 
uow  conveyed  directly  to  the 
embryo.  This — the  earliest  and 
simjjlest  mode  by  wliicli  tha 
Porti.10  nf  iheuiiiinwp  ™niiiio»iioai  of  thr  PaiiiiiipniirFfEtus  cft'ects'a  new  Connection 
™-*,n>r»i.gLh.«.<a<r^.^<*,Ha,„,..  ^^,^   ^^^    j,a^ut-is   the   ouly 

one'in  whicli  it  ever  tikkes-place 
in  the  lower  Mainmatio,  which 
are  hence  properly  designated 
as  '  nou-placentnl.'  rather  tluui 
aa  ovo-viviparous.  In  the  higher 
Mammalia,  however,  there  soon 
occurs  a  great  extension  of  the 
vnHcular  tuft*  of  the  ftetal  cho- 
rion, at  certain  points ;  aud  a 
correal wnding  adaptation,  ou 
the  part  of  the  uterine  strao- 
ture,  to  afford  theui  an  inoreaBBd 
supply  of  nutritious  lluid.  Theae 
specially-prolcmgcd  portjonawre 
scattered,  in  the  RuminttOtit 
and  some  other  Mammalia,  ant 
the  whole  surface  of  the  chorion. 
forming  what  are  t«rmH  th* 
'cotyledons;'  but  in  the  higher 
orders,  and  in  Man,  thoy  an 
coocentnkt«d  in  one  spot,  fom* 
ing  the  Placenta.  In  some  of 
the  lower  tribes,  the  maternal 
and  the  ftetal  portions  of  tha 
plftcenta    may   be    very    eaulf 

Pnriinnof  i.n»orih(iHflai  PiZU.  ■boat  to  rorm  iMft  separated;  the  former  CUo^iadnff 
mconni-t  e,'',^  ii>  i>M>iw>i  intelii  r,'.  iubHu  urdD-  01  the  thickened  Uecidiia ;  Uta 
°-^''"  "■"•■  the  latter  being  composed  of  tha 

prolonged  and  ramifying  muscular  tufta  of  the  Chorion,  dipping-down 


i 
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hto  it.  But  in  llie  Hnman  pliiceiita,  the  two  elements  )Ln>  mingled 
tlier  tlir«ugh  ita  whole  substance. — Ou  luoking  nt  tLo  ftetal  mr&ce 
tile  Human  pliwvnta,  we  [lerceive  that  the  unihilical  vessels  divtrjfe 
pvejy  dirfCtion  from  the  [loint  at  wliich  they  unter  it;  and  their 
nbiUvi^ions  form  a  large  mas^  of  cap  il  If  tries,  armnged  in  a  peciilinr 
anrr  fFi^-s,  123.  124),  and  coustitutiiig  what  nre  kuowu  as  the  /utnl 
tUU.  El^ah  villus  cont4iiri3  one  or  more  capillary  hxijta,  commuiiicatitig 
rith  an  artery  ou  one  side,  and  with  a  veiu  on  the  <rtlier;  but  tjie  aiuuo 
ipillnry  may  pass  into  several  villi,  liefore  re-entering  a  larger  vessel. 
In;  eapillnries  nf  the  villi  lUru  covered,  as  in  the  choi-ioij,  bv  a  liiver 
fcflU{Fig.  124.  a,a.  Fig.  I25,_/'),  iut-losed  in  baaemeut-menibnvne  (i'); 
it  the  fiEtttl  tuft  thus  formed  is  inclosed  iu  a  second  series  of  enveloiies 
Pig.  ISJ,  II,  6,  r),  derived  trom  the  maternal  portion  of  tlie  placenta,^ 
I  Slum;  (i/)  being  lel^,  however,  botweeu  the  two,  at  the  extremity  of 
tuft. 
R(i7.  Wliilst  the/(P/((/  portion  of  the  PiaoL-ntn  is  thus  being  goueratod 
kr  t1i#  «)tteDsioD  uf  the  vascular  tufts  of  the  Chorion,  the  loaterual 
tioo  is  formed  by  the  eniargeraent  of  the  vessels  of  the  Decidua, 
DtweeD  whicli  tlicy  diiwlowu.  "  These  vessels  aasiime  the  ohariieter 
ainuses;  and  at  Iniit  awcll-out  {»o  to  speak)  ariiiund  and  between  the 
plli ;  so  that  finally  the  ^*illi  are  completely  tiouud-up  or  covered  by  the 
embrane  wliich  constitutes  the  walls  of  the  vessels,  this  raembmnR 
Allowing  the  contour  of  &U  the  villi,  and  even  passing  to  a  oertain 
U«iit  over  the  branches  and  stems  of 
^tufts.  Between  this  membrane,  or 
1  of  the  enlarged  decidual  vessels,  and 
the  iutemal  menibnine  of  the  villi,  there 
^^til)  remains  a  ktycr  of  the  cells  of  the 
^Hbcidua."  *  In  this  manner  is  formed 
^Bhe  malfmal  portion  of  the  placenta, 
^Brhich  may  be  regarded  in  its  adult  state 
^^^3  was  well  poiiited-out  by  Dr,  J.  Reidt) 
iu  the  light  of  a  largo  sac  fonned  by  a 
proliiugatioD    of  the   inner  coat   of  the 

uterine  vessels;  ag-ainst  the  f«ta]  surface   ^^-^'rlnl^'/o'^fwili^^'I'^^u, 

^■pf  which  aao,  the  tufts  juat  descnued  may  ^ifh  ti>e  UniTHf  tiic»rohriw  of  ihr  ympuUt 
^Ibfl  said  to  puali  themselves,  so  as  to  <lip-  ,i,.  ,m^,_  i,p|„„,,™,  ,„  ,1,^  pia„i,u]  d». 
I"      down  into  it,  caiTyinE  before  them  a  por-  »"'ti«;  c.r  E''n»i"Si:;-iiir«<,fib-ni.,r. 

tKjQ  of  its  thin  wall,  winch  constitutes  a  Diimiiifoisiporiinniiorihcvuiiiii  r,  ihe 

Biieain  to  eaen  tuit.   now  as  every  cxien-  „„,  ^^^,  ,up  „|pn,nl  nLtn.i.nii."  nf  ihn 

aion    of  the   uterine   vessels   carries    the  I'hi.rioni./;  thpiiiictmi  crlis.if  ibc liUu*, 

1      '1        1     ■«        -.  /> .  I  I  hploDifinE  lo  Lhe  oliorioD:  n.  (ha  loop  of 

decidua  before  it,  every  one  of  the  vascular  umiiiiicar»«>rii. 
tufts  that  dips-down  into  it,  will  be  covered 

with  a  layer  of  the  cellular  structure  of  the  latter;  and  the  fcetal  portion 

-of  each  tuft  will  thus  be  inclosed  in  a  layer  of  nwteriM*^  cells  and  bflaement- 

aembrane  (Fig-  125.  n,  h,  c).     In  tins  manner,  the  whole  interior  of 

lie  Placental  cai-ity  (Fig.  12G)  is  intersected  by  numerous  tufts  of  futal 

I  disposed  in  fringes,  and  bound-do*n  by  reflesions  of  the  delicate 

VfJ.  GiXMlur't  "  Anuh>mim]  and  Puthulugfcol  ObBorvnlious, "  p.  60. 
'  Eiliiib.  Med.  and  Surg.  Joum.,"  Jnn.  18il;  and  "Aunt,,  Phjs,,  lud  Pslhol. 
Tlii!*i,~  <%af.  Tin. 


: — n.pi. 
conlinu<iii« 


Sfctim  of  ■  pi*rlion<if  *  fullj-rornied  Pl^ienlH.  with  fhe  part  of  Lbc  Ulcru*  tai  i 

yiow  waa  soggeeted  to  Dr.  Reid  by  the  very  intereatiuje  fact,  that 
tufts  of  ftetal  ve^tselB  not  unfrequently  extend  beyniKl  the  uterine  sur 
of  the  plac<jiitUr  and  dip-<lowu  into  the  uteriue  sluuseA  (Fig.  127):  wj 
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•elveii;  untiti'ly,  a  t'M  ot'  the  lining  membraue  uf  the  UecJduul  sinuses, 

hd  It  kyer  "f  llie  («lliilur  ilecidua. 

^BliS.  Tlie  Mritrriiiil  bloml  is  coniejed  into  the  Placental  cavity  hy 

Be  •  curling  ivrteriea'  of  the  uterus  (Fig.  [26,  d.  Fig.  127,  c);  and  is 
wweiveiMiwk  fnmi  it  into  the  large  veins  that  nn?  commonly  deaiguatc!d 
Bsaitiuses(Figs.li!G,  127.ft/j).  Tliefretal  ve»sels(Fi^'.  120,  o,*;.  Fig.  127,  *.f) 
beiu^  liiitbeil  iu  thi?  bluui.1,  as  the  limnchiie  of  iu|uatic  ouiiunla  are  iu 
tbt-  <vHt«r  tlint  surrounds  theni,  not  only  enablu  the  fffitol  lilooil  to 
eTCehiiti;;!'  ita  venous  ohiimctev  for  Ibe  ni'teiial,  by  parting  with  its  car- 
■  ii  to  the  maternal  blood,  and  receiving  oxyg«n  from  it;  but 
-1  --p'rve  us  rootlets,  by  which  certain  uutritioua  elemonts  of  tlie 
iiml^niiii  bh-od  (probiibly  those  composing  the  liquor  sanguinis)  nru 
takiNi  into  the  system  of  the  fiEtnu.  In  this,  they  closely  coi-respond 
with  the  villi  uf  the  iutestiniU  e:uiiil;  iinil  thei'e  ia  this  further  vi<it 
striking  Riuvlogy, — that  the  nutrient  mntcrial  ia  selected  and  prejiared 
by  two  »et8  of  cells,  one  of  which  (the  maternal)  tnuismila  it  to  the 
other  (the  f(elal),  in  the  same  inauni^r  as  tho  epithelial  cells  of  the 
iiit4'9tiiial  villi  seem  to  tiOiL'-up  and  preptire  the  uutrient  luntter,  which 
IN  <li'!^1ined  to  be  atill  furlher  UKPiimilated  by  the  cells  that  ilout  in  the 
circulating  current  (§  131).  It  ia  pi-obable,  too,  thiit  the  Placenta 
ia  to  !«  regarded  as  an  oxeretiug  organ :  serving  for  the  removaJ, 
throitgli  tlui  matemiil  lilnod,  of  excrementition.-t  matter  whose  continued 
circiilwtiou  through  tho  Mood  of  the  foitua  would  he  prejudicijil  to  tlie 
Inttiir.  And  it  wili  lie  In  tliis  mode,  that  the  blood  of  the  mother  may 
bco»nie  impregnated  ii  ith  aubataneus,  or  imiiressed  with  attributes, 
originally  belougijig  t<i  the  male  parent;  so  as  to  impart  these  to  the 
products  of  subsequent  conceptions  by  a  ditFei-ciit  father  (§  881),  There 
!•  no  more  direct  communication  between  the  mother  and  ftetus.  than 
llitit   which    is  liftiirdeil    by   this   immersion   of  the   fietnl    tufts   iu  the 

Ktomal  blood;  oil  the  observations  which  have  been  au[i]josed  to  prove 
existence  of  i-eal  vascular  continuity,  having  been  falsified  by  tho 
ravnflation  of  fluid,  probably  eonBei[uent  upon  the  force  usetl  in 
injecting  the  vessels.  Moreover,  the  different  size  of  the  blootl-cor- 
pofvles  in  the  ftetus  and  in  the  parent  {§  167)  shows  the  non-existence 
of  any  such  commitnication. 

869.  The  formation  of  the  Placenta,  iu  the  manner  just  described, 
oommencea  in  tjic  hitter  part  of  the  second  mouth;  during  the  third, 
the  organ  ucipures  its  proper  character;  and  it  subsequently  gocs-on 
inereosing,  in  accordance  with  the  growth  of  the  Ovum.  Towards  the 
end  of  the  terra  of  gestation,  however,  it  becomes  more  dense  and  leas 
vascalur;  owing,  it  would  seem,  to  the  obliteration  of  several  of  the 
minuter  vessels,  which  are  converted  into  han.1  fibrous  filaments.  The 
els  of  the  Uterus  undergo  gi-eat  enlargement  throughout,  but  esjio- 
ily  at  the  part  to  wliich  the  jilacenta  is  attached ;  and  tlie  blood  in 
[iving  through  them  produces  a,  peculiar  munimr,  which  is  usually 
tinetly  audible  at  an  early  period  of  pregnancy,  and  may  be  regarded 
rhen  due  care  m  taken  to  avoid  sourcwf  of  fallacy),  as  one  of  its  most 
bei)uivocal  positive  signs.  The  '  placenta!  bruit'  is  thus  described  by 
Montgomery.*  "  The  characters  of  this  phenomenon  are,  a  low 
murmuring  or  somewhat  cooing  souuil,  resembling  that  made  by  blowing 

•  "Sipuof  PregiiMipy/'p.  lai. 
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gently  over  tlie  lip  of  a.  wiJf-moutlieii  phini,  and  accomjiauled  by  n 
Biiglit  ruabing  noise,  Imt  without  any  seosatiou  of  impulse.  Thu  sonuJ 
is,  in  its  return,  exactly  synchronous  witli  the  jmlsH;  of  the  inotlier  Bt  tlii? 
time  of  examination ;  and  viiries  in  the  frequeney  of  its  repetitious, 
with  any  iicoideiital  viiriatiou  vrhich  may  opt-uv  in  the  miiterutd  cir- 
Guktiou.  ItB  situation  does  not  vary  during  the  cimrse  of  the  snnii.'' 
pregnancy;  but  in  whatever  region  of  the  iiteriw  it  ia  tirat  heard,  it  will 
in  future  be  foiuid,  if  recognized  lit  all, — for  it  is  liable  to  interuils- 
sious, — at  least,  we  ehull  oucaaioiially  be  unable  to  hear  it  where  wo 
have  already  heiird  it  a  short  time  liefore,  and  where  we  siiall  shortly 
again  recognize  it  According  to  my  experience,  it  will  lie  most  tn>- 
tjuently  heard  about  the  situation  of  the  Falloiiian  tiilje  of  the  riglit 
side;  but  it  may  be  detected  in  any  of  the  lateral  or  anterior  [JurM  of 
the  iitiiniB."  That  the  cause  of  thin  Hoimd  exists  in  tin-  Utenia  it*elU 
is  distinctly  pi-oved  by  the  tuci,  that  it  has  been  heard  when  thai  orgaa 
was  HO  completely  milei'erted,  that  the  fundus  hung-dowo  between  tlie 
patient's  thi^^hs.  A  sound  so  much  resembling  this  us  to  be  scarcely 
ilistingiiishablo  from  it,  may  be  occaaioued,  however,  by  a  cause  of  h 
veiy  different  nature, — namely,  an  abdominal  tumour,  pressing  upon 
the  aorta,  iliac  arteries,  or  enlai^id  vessels  of  its  own  ;  and,  in  doubtliil 
cases,  it  is  necessaiy  to  give  full  weight  to  the  possilillity  of  such  an 
explanation.  The  sound  may  be  imitated  at  auy  lime,  Ity  pressing  the 
stethoscope  on  the  iliac  arteries.  The  placental  bruit  has  lieen  not 
luifrcipiently  heard  iu  thu  11th  week;  but  it  cannot  fj-eufrully  be 
ileteeted  before  the  fourth  month,  when  the  fundus  uteri  rises  above  thu 
ant-i'rior  wall  of  the  ijelvis. 

g70.  The  incrense  in  the  size  of  the  Uterus,  which  takes-plitce  joori 
jHmgu  with  the  enlargement  of  the  ovum,  is  accomjiaiiied  with  a  remark- 
able augmentation  in  the  amount  of  it't  suhHtjince,  Up  to  about  the  fifUi 
or  sixth  month,  not  only  its  cavity,  but  the  tidekness  of  its  wallx  is  pfrj- 
gressively  added-to;  from  that  time  to  the  end  of  gestation,  the  thickacn 
of  the  walls  diminishes  whilst  the  cavity  incrcosta.  but  not  in  an  fvjiiid 
proportion;  and  at  the  conclusion  of  parturition,  its  solid  bulk  is  cstinuiMd 
at  about  twenty-four  times  that  of  the  unimpivgnat^d  Uterus.  Tb« 
augmentt'd  voliune  of  the  organ  is  chiefly  due  to  the  increased  ilerolop- 
mcnt  of  its  Muscular  coat,  which  in  eoUJi>osed  of  the  fusifbrui  cells  with 
atalf-shaped  nuclei,  that  make-up  the  'nou-striated'  mu%^ular  6hre  el»- 
where.  Aeconling  to  ProC  Kiilliker,  n  vast  amount  of  new  libtws  an 
generated  during  the  early  months  of  [•regnaney;  but  there  is  n.t  the 
same  time  an  extraordinary  inci-eiine  in  the  size  of  those  previously  formed, 
their  length  being  multiplied  from  seven  t»>  eleven  times,  and  their  width 
(roai  twice  to  five  times.  After  the  sixth  month,  the  origimitiou  of  new 
uiuBcidar  fibres  seisms  to  cease,  but  tlie  augmentation  in  the  ai*e  of  tlii:*c 
already  genentted  seems  to  contiuua  The  connective  tissue  which  ututM 
the  muscular  lihi*es,  also  incnia:)us  during  pregnancy,  and  become*  uioK 
distinctly  fibrous. *  It  has  l>een  aflirmed  that  the  Nervous  subst&uc«  of 
the  Uterus  also  undei^oes  a  great  augmentation  during  ]iregnAncy ;  bnt 
of  this  no  sufficient  evidence  has  yet  been  aiiduoed. — SimullAnoously 
with  the  enlargement  of  the  uterus,  the  Mamniary  tilond  and  il«  nmim- 

*8esKollikBr'»"Miiiiualuf  Humiui  Hutulogjr"  (Syd.  Sue. '■&■.),  ml.  iL,  p.  ZG8,  ISt. 
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yn  undergo  a.  filler  ileveloj.iiioiit;  aod  from  this  n  valuable,  liut  not 
ac^luivoL-al.  indication  of  prcgoancy  may  be  drawn.  Oocasioniil  sliooting 
in  the  MtuumiB  are  not  uufrcquently  experionccd  AvitHn  a  »kort 
iod  lifter  couceptioa;  aud  marc  continued  tenderness  is  also  not  un- 
SUnl.  A  seuso  of  distension  is  varj-  conimonly  experienced  at  about  the 
lid  i)f  tho  second  month;  and  ft^m  that  time  a  distinct  'kuottiucss' 
MwUy  iiegina  to  present  itself,  incriawlag  with  the  advance  of  pi-egnaacy. 
jl  many  instances,  however,  these  iiiiiinmary  sympithies  are  entirely 
i-nt;  and  tliey  maybe  fiimiilstod  by  ebimgea  tbat  take  place  in  couso- 
inenne  of  vwious  atfectioiis  of  tbe  uterua.  A  change  of  colour  in  the 
ola  13  3  very  couimon,  but  not  an  invariable,  occuirence  in  the  early 
Duntlis  of  [iregnuccy;  but  aaotlier  sign  is  afforded  l>y  the  areola  and 
^pple,  which  ia  of  mora  value  bet-aiiBe  more  constant, — uamely,  a  puffy 
gt*L-enoe,  and  an  increased  dei'clojonent  of  the  little  glandular  follicles, 
tubercles,  which  comoionly  secreto  a.  dewy  moiature,  —  Many  other 
nges  Id  the  constitution  occur  during  pregnancy;  indicated  by  the 
ifBnesa  of  the  blood,  the  irritability  of  the  stomacli,  and  tlio  increased 
citability  of  the  miud.  All  tbese,  however,  are  discussed  with  sufficient 
aplitication.  in  works  on  Obstetric  Medicine. 

871.  The  act  of  Conception,  l^ing  one  of  a  purely  oi^nio  nature,  ia 

Dt  itself  productive  of  any  sensation  on  the  part  of  the  mother;  but 

ieiv  are  some  women  in  whom  it  is  attended  with  certain  sympathetic 

Ifijclioiii,  BUch  as  faiiituess,  vertigo,  itc,  tbat  enable  them  to  lix  upon  the 

rl.icul.ir  tinie  at  whioli  it  has  taken  place.      Trom  that  period,  liuwever, 

be  mother  has  no  dii-cct  cnuaci'iuaneas  of  the  change  going-oii  In  the 

Bt«rus  (save  by  tlio  elft-cta  of  it«  inei-easlug  pi'essnre  on  other  parts),  until 

Bie  occurrence  of  what  ia  termed  '  quickening.'     This  is  generally  de- 

cribed  as  a  kind  of  tltittenng  movement,  attended  with  sonic  degree  of 

ncope  or  vertigo.     After  it  has  once  occiirrtil, and  hasstrongly  excited 

rittention,  it  is  occasionally  reueweil  tiuce  or  twice,  aud  then  givea-placo 

to  the  ordinary  movements  of  the  fLetua.      Not  uufrei[Uently,  however, 

•  movement  whatever  is  felt,  until  near  the  end  of  the  term  of  gestation, 

'  evun  through  tbe  whole  of  it.     As  to  the  cause  of  the  sensation,  Ob- 

triciaus  are  much  divided ;  and  no  satisfactory  account  has  been  giveu 

'  it     Jt  has  been  vulgiirly  supposed  to  be  due  to  the  lii^t  movement  of 

be  f<»tUH,  which  was  imagined  then  to  become  possessed  of  an  indepen- 

pul  life;  and  t^e  English  law  recognizes  the  truth  of  this  doctrine,  iu 

ying  the  puni.ihmcut  of  an  altempt  to  pi-ocure  Abortion,  accord mg  to 

iibether  the  woman  bo  '  quiok  with  child'  or  not;  and  in  delaying  ex  ecu- 

'lion  when  a  woman  can  be  pi-oved  to  lie  so,  though  it  is  made  to  proceed 

if  she  is  not,  even  if  she  be  unquestionably  pregnant.     Whether  or  not 

ii«  first  H'^iiw'We  notions  of  the  fcetus  are  the  cause  of  the  [)eculiar  feebng 

question,  thece  can  be  no  doubt  tbat  the  embryo  has  as  much  indc- 

Biideiit  vitality  before,  as  after,  the  ijuickening.      From  the  time  that 

im  ovum  quits  the  ovary,  it  ceases  to  be  a  part  of  the  parent,  and  is  de- 

at  oit  it  only  for  a  due  sujiply  of  nourisliment,  which  it  converts, 

I  own  inhei-ent  jjowers,  into  its  projier  fabric.      But  this  dependence 

be  said  to  cease  at  the  moment  of  quickening;   for  the  connection 

be   prolonged   during   several    weeks,    before    the    ftetus   becomes 

bic  of  suataiuiug  life  without  such  assistance.      The  earliest  period  at 

Sell  thin  may  ui-cur,  will  be  preseutly  considered  (§  ti70). 
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872.  At  the  coucluHion  of  abuiit  fovtj  weeka,  or  (lias  cNjrreotly)  nine 
aolur  moiiths,*  fi-oiti  tlie  period  of  conception,  the  time  of  Parturition 
avritGs.  In  tliia  act,  the  muscular  walls  of  thu  Utenis  are  jiriiuiirily  oon- 
cemed;  for  a  kind  of  peristaltic  coiitniction  tokcs-place  in  tlieui,  the 
tendency  of  which  is  to  presa  the  cont(?ntB  of  the  cavity  froni  the  fimJua 
towtird)<  thi'  OS  uteri,  and  finally  to  ex|>Ql  theui;  and  this  conti^ction  ia 
alone  sufficient  to  empty  the  uterus,  when  no  impedimeut  is  pi-eacnuxl  tii 
the  exit  of  the  fcetus,  aa  we  s«e  in  the  occasional  occurrence  of  po»t' 
iiu/rfifiii  |iarturition.  It  is,  in  fact,  in  the  contraction  of  the  fibres  of  the 
fundua  and  body  of  the  utenis,  and  in  a  relasatiou  of  those  about  the 
tervix  {which  relaxation  is  aomething  quite  different  from  a  mere  yield- 
iug  to  pressure,  and  is  obviously  a  vital  phenomenon  that  marks  a  pecu- 
liarity in  the  actions  of  this  part),  that  the  firat  stage  of  an  oi-dinary 
labour  essentially  consiata.  There  is  no  proof  whatever,  that  these 
changes  are  dejicndent  upon  nervous  influence;  in  fact,  there  is  much 
evidence  that  the  partUJ'ient  action  of  the  uterus  is  »«>(  the  residt  {ns 
some  have  maintained  it  to  be)  of  a  '  reflex'  action  of  the  Spinal  Cord, 
but  is  due  to  its  inherent  contractiiity ;  fov  numerous  instances  have 
occurred,  in  which  normal  ]iiirturition  has  taken-place,  iiotwithstiitnliiig 
the  destruction  of  the  lower  part  of  the  Cord,  or  the  existence  of  a  stnle 
of  complete  paraplegia  which  marked  its  functional  inactivity;  and  the 
continunnoe  of  the  peristaltic  action  for  some  time  after  somatic 
death,  when  neither  the  Cerebro-spinal  nor  the  Sympathetic  system  can 
affbiil  any  supply  of  nervous  ]M>wer,  is  a  yet  more  satifrfactory  proof  of 
the  same  position. — Nevertheless,  it  seems  ijuite  certain  that  muscular 
contractions  of  the  Uterus  mai/  fie  induced  by  reflex  action;  for  in  no 
other  way  can  we  account  for  numerous  phenomena,  which  distinctly 
murk  the  operation  of  remote  causes  axiting  tlirough  the  nervous  system; 
such  as  the  induction  of  uterine  contractions  by  the  dash  of  cold  water 
on  the  alidoniinal  surface,  by  the  injection  of  cold  water  into  the  va^ua. 
by  the  ingestion  of  cold  water  into  the  stomach,  or  even  by  liipjiing  the 
hands  into  cold  water,  or  again  by  Uie  suctorial  application  of  the  infant's 
lips  t"  the  nipple,  by  the  intr(nl«ction  of  tlie  hand  into  the  vagina,  hv 
violent  movements  of  other  piirtit  of  tlie  body,  and  by  various  other 
moans.  This  general  fact  baa  an  important  pnictic-al  bearing ;  sin  A!  there 
are  various  occasions  on  which  it  is  moat  important  to  life,  that  the  pre- 
vioualy-flaceid  nt«ms  should  be  excited  tti  ligorous  oontrnctiou,  for  the 
sake  of  accelerating  parturition  or  of  suppressing  hn^morrhuge ;  whilst, 
on  the  other  hand,  it  is  often  no  loss  important  to  be  able  to  prevent  or 
to  antagonize  the  operation  of  chukcb  which  would  jirematurely  indacir 
uterine  contractions,  to  the  desti'uction  of  the  oSspring  and  thetlangurof 
the  mother. 

*  A[lhongh  '  nine  montba'  in  MannWy  ipnkeii-of  ah  the  term  of  GeaUtCiuii,  yet  Ui*  ml 
term  "f  (iirty  weeks  ejicoedq  this  1);  from  tiv»  to  iwveo  dAjH,  SLCnordlug  tu  ttiv  muRl^ 
indudod.  The  mode  of  reckiiuliiK  cDxtuioary  uuudk  womeu,  la  hi  ilMo  Eron  Uic  BiHkV*  «t 
the  moDtli  after  ttio  lost  ii]ii>eamnce  uf  the  Cntoniiiuia ;  but  It  i»  attain  tbM  Canrc|itiaa  ii 
much  mure  likely  tu  take  plucu  si/ov  aitcT  they  hnvu  otaeed  to  flow,  or  even  jiua  lurfiw 
their  uccntt,  limn  io  the  intorvening  ]icriod  (S  8S3) :  nu  that,  iu  loaet  iaatum^  i|  voold 
be  muBt  cormt  t-i  ei;>(vt  Inbuur  at  furty  weekt  nnd  a  few  dnyi  nfler  tint  lut  rccnitHKB  uf 
tho  McDUB- — Tlie  jH-riul  (iC  (Jniukeiitng  may  b«  n-Iini-on  ia  Homv  wotaen.  in  wboB  il 
<itH-nn  Willi  great  n.-gn]urity  iu  a.  (wrtiiin  week  of  [nvgnuiiTj  ;  bal  in  gsncm]  ilusn  it  grakl 
liktilnile  IU  l<i  the  time  <>r  ila  oncuiTenue.  Tlie  Dgnnl  or  aierage  time  icciu  Iu  b*  UiMt 
l.liG  IStb  week  <^  givUitiiin. 
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^H  873.  Wben,  in  the  nornutl  act  of  PaHiiriUoo,  the  bead  has  so  far  made 
^Htagn^tfiroagli  Ibe  os  itteri  as  to  biggin  to  diatpod  the  lower  poi-t  of  the 
^^^HplAual,  s  new  kiiid  of  expuliiive  clfoi-t  in  siiperaddeit  to  that  of  tlic 
^^Bt«rii9  it'tetf :  the  a^lstance  of  the  Expiratory  nuisi^lcs  being  thou  called 
^Bb  ($  -^ll),  thi-ough  tlie  iutermeiliittioQ  of  the  Spinal  Cord,  which  is  pro- 
^B^kly  exciteil  to  this  action  by  the  stiiualus  thus  np])lied  to  the  aifereat 
^^Mrycs  of  the  compressed  partit ;  and  it  is  chiefly  by  the  instrumentality 
^^Hjbao  muscle^  that  the  uormal  act  of  parturition  m  usually  completeil. 
^^^H  Bune  action  which  exp<ebi  the  fceUu),  geuerully  also  detaches  the 
^^Bloeenta;  and  if  the  uterus  ooutract  with  sufficient  force  after  this  has 
^Haett  throvrn-off,  the  orifieea  of  the  vessels  which  communicate  with  it 
^Hl«  BO  effectually  closed,  that  little  or  no  luemorrhage  takes  place.  If, 
^However,  the  uterus  does  uot  contract,  or  relaxes  alter  having  coutractcd, 
^B^huye  amount  of  blood  may  be  lost  in  a  short  time  from  the  open  oriGces. 
^^VoT  some  little  time  alter  parturition^  a  sero-sanguineous  discharge, 
^^hrmed  the  lorJiia,  b  pourcd-oiit  from  the  uterus-  and  this  commonly 
^BontAins  ^hreib  of  the  deciduous  raembranc,  which  had  not  been  pre- 
^fciouely  detached,  together  with  a  quantity  of  fat-globiUes,  and  other  pro- 
^Htic4«  of  disintegration  of  the  uterine  tissue  (§  349).*'  Within  a  few 
^^pvu'lcfl  afUir  delivery,  the  utenis  regains  (iit  least  in  u  healthy  subject)  its 
^^■rerions  condition;  part  of  its  newly- gen  crated  miiaoidar  fibres  seem  to 
^^psappeiir  altiiy.vtlier,  whilst  the  others  shrink  to  their  oi-dinary  dimen- 
^^Boiis;  ami  the  portiou  of  its  mucous  membrane  which  hod  been  ihrowu 
^HCTas  Decidua,  seema  to  be  reproduced  in  the  courae  of  the  second  or 
^^Bhd  month. 

^^^Hn.  Aa  to  the  reajtun  why  the  pcnod  of  Parturition  should  1>e  just 
^^HHUfieks  after  the  occurreneu  of  Conception,  we  know  nothing  more 
^^^PB^tn  do  of  that  of  similar  periodifivil  phenomena  in  the  histoiy  of  the 
^^Bftf  of  Man  aiid  of  other  living  beings;  all  of  which  must  be  cmisidered 
^^■MMMima/  manifestations  of  changes  that  are  cmiglant!;/  in  progress, 
^^^PlHWe,  being  dependent  upon  the  degree  of  Heat  supplied,  is  so  uni- 
^Hmam  warm-blooded  animals,  aa  to  secure  a.  very  close  conformity  to  a 
^^Bommon  standard.f  There  is  evidence  that  the  occiirrenco  of  the  uterine 
^^Binu  may  be  induced  by  a  variety  of  causes,  several  of  which  probably 
^Bonciir  in  the  normal  act  of  Parturition.  For,  in  the  first  phice,  the  state 
^^■f  development  of  the  muscular  auhstinec  of  the  Uterus  can  Bcarcely  he 
^^bithout  a  considerable  influence  on  tliis  operation.  We  see  it  undergoing 
^|a  gradual  augmentation  diu-ing  the  period  of  pregnancy,  without  any 
^■demand  being  made  upon  its  functional  activity ;  it  gradually  becomes 

^H[  *  bi  RdiUtion  to  the   evidence  *lwve  raferTed-to,   of  the  rapid  Doeairence  of  f&ttj 

^HHgnsntion  of  the  uterine  ntnictnre  sFlvr  pfkTtarltii>D,  tbe  Anthor  maj  ranition  that  he 

^H&^  bwn  iafonaed  bj  Dr.  Ret/iQi^  (Profcfisor  flf  Midvifeiy  at  Stivlcholm)  tbj^t  he  bu 

^^Hm«iAa1   k  large  number  4>r  fnt-Blobotea  in  tbe  urine  of  pnoqwral  women,      la  it  not 

^^■jMlUe — it  ma;  be  further  ruk^i)    -thit  tome  of  the  olcA^noua    mntler    so    copioaelj 

H^Hred-fortb  by  the  Miunniiir;  ghiniln,  maylie  ilerived  froDi  this  luurcel    Sacli  an  eronomy 

of  DQtrieot  Dinterin]  would  l>e  eoDHiift^iit  with  what  we  elsewhere  iceet-with ;  and  the  id«« 

tfl  ronformable  to  the  fact,  tlmt  tbe  projtortion  of  batyriQe  in  the  milk  U  mut:h  greater  id 

the  earlier,  tban  iu  tlit  tatur  inontbEi  of  louutiou  IS  92-3). 

t  Thk  may  lie  l>c»t  illmrtrat^  l^ythc  analog;  of  a  Leydm  jur  wbicL  ia  being  rhu^efl  by 

IfOBfinaoiu  action  of  an  El-^ctri^nl  Mat^hine,  nnd  Thir^b  15  ao  arning;ed  as  to  ^/''jcb&rge 
If  vpomtaoeoiulf  whenever  iho  distTirbaiice  in  iLi  equllihrium  attains  afertaib  intensity. 
the  movemeDt  of  the  iniwhine  be  nnifonn,  and  other  ennditionB  renuiin  the  same,  the 
jiarge  will  take  pbuv  nt  mgnlar  iatemlH. 
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more  imd  more  irritable,  contractions  being  fox  moi'e  readily  i-xuited  in  it 
by  electrical  or  other  stimuJation,  in  the  later  than  in  the  earlii-r  monllia 
of  pregnancy;  and  at  last  this  irriUiViility  seems  to  reacli  its  aemt,  in 
virtue  of  the  nutritive  changes  which  have  l>oen  progressively  taking 
place  in  it.  and  to  diBchargo  itself  in  one  powerfiil  effort  (See  §  242), 
Certain  jireparatory  changes  are  known  to  be  taking-place  in  the  Uterus 
itself,  during  the  Inst  two  or  three  weeks  of  gestation;  for  its  upper  part 
contracts  more  closely  around  its  contents,  as  if  it  wen?  btucing  itself 
up  for  the  coining  encounter;  whilst  there  is  a.  greater  disposition  to 
relaxation  of  ita  lower  part,  as  alao  in  the  soft  parts  suiTounding  the  orilioe 
of  the  pelvis,  so  that  the  whole  uiaaii  descends.  It  is  well  known  tliai 
there  is  fax  less  aptitude  for  dilittatiou  in  the  os  uteri,  before  thw  ehange 
has  taken  place;  so  that  premature  laboui'a  are  frequently  rendered  very 
difficult  and  tedious  by  the  re-sistauce  which  the  fcetua  encounterft  from 
the  soft  parts,  notwithstanding  that  its  smaller  size  enables  it  to  paa  more 
readily  through  the  pelvic  canaL — That  the  parturient  effort,  however, 
is  not  solely  dependent  upon  the  state  of  development  of  the  uterus, 
appears  from  several  considerations :  and,  in  the  first  place,  froia  lie  very 
cnrinuH  fiict  that,in  oases  of  extra-uteriiie  fostntiou,  con  tractions  resembling 
those  of  labour  take  place  in  its  walla.  In  ftict,  what  in.iy  be  termed  the 
vwtiuTiUloH  not  merely  of  the  Uterus,  but  also  of  its  Eiuliryonic  contents, 
— IL  contlition  analogous  to  that  which  precedes  the  clroppiiig  of  ri]*  fruit, 
and  which  is  acquii'cd  by  the  completion  of  the  develop  men  t»d  process, — 
apjjcare  to  have  more  influence  in  determining  the  normal  parturient 
effort,  than  any  other  cause  which  can  be  assigmnl.  The  riaceutA  of 
the  fullyH;leve!o[ied  foitus,  indeed,  is  somewhat  in  the  condition  of  the 
footstalk  of  a  rigieuing  fruit ;  that  is,  having  attained  its  full  evolutiou  as 
an  organ  of  temporary  function,  ita  connection  b.'nds  to  become  diii8uva«d 
in  virtue  of  the  fiulher  changes  which  take  place  in  itself,  quite  irwepec- 
tively  of  any  extenuU  agency.*  Tliis  is  very  strikingly  evinced  by  the 
fact,  tliat  when  the  utt'rus  contains  two  ftetuses,  and  one  of  them  is  eji- 
peljeil,— either  in  consequence  of  impeded  development  or  of  disouw  in 
itsi^lf.  or  bccauHo  it  hna  attained  its  own  fiiU  term  of  development  {u 
cn.ica  of  auj>erffctation,  j  S78), — theother,  if  its  development  at  this  peril 
is  far  from  complete,  is  often  retaiueil,  and  goe«-on  to  its  full  term, 
placenta  not  being  iletached  in  the  first  jiartnrient  effort,  beeausi-  it  m> 
not  then  prepared  for  the  se{)aration.  It  is  obvious  that  this  view  oSbdb 
a  rational  explanation  of  the  occurrence  of  uterine  aetion  in  mtrti  vt 
extra-uterine  ffctation ;  for,  if  the  condition  of  the  ]dacentnl  attachinent 
funiiah  its  exciting  cause,  it  will  do  so  equally,  wliether  the  plaoeDt»  W 
attached  to  tlie  lining  of  the  utenia,  or  to  that  of  the  Paltoptaa  tnlwr,  or 
to  any  other  organ.  It  is  an  additional  indication  that  the  tmiaediafat 
stimulus  to  the  parturient  effort  of  the  uterus,  is  given  by  some  chup 
in  the  condition  of  its  fa>tal  connections,  that  the  terra  of  gestation  aMiM 
f  capable  of  being  prolonged  by  peculiarities  in  the  oonatitutiou  or  rate  of 
development  of  the  ftotus,  which  ari-  derivotl  from  the  mala  parent;  fat 
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•  Such  «  nbsogo  msy  be  easily  Terified  in  the  plonent*  of  vanj  of  the  Inirar 

BDcb  u  the  Cti,  in  wbii^li  ihc  fiplal  ajiil  m»l«rtinl  [Birtiom  rpmiiin  mora  diitiuet  titim  — 
other,  thui  they  do  in  tli«  Quiuim  fouialt! ;  for  tlicae  h«wme  fsr  man  euUj  MfuyHt 
the  period  of  parturition  drawa  Hoar,  thu  they  «re  at  any  ptsvioiu  tuna. 
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wu  aaoert^ncd  by  the  liktc  Earl  Speiicor,*  that  of  75  cnw»  in  coll' by  a 
icolar  bnll,  the  uremge  period  waa  388^  diiya,  inat«id  of  280 ;   noDC 
theee  having  gone  Jeaa  thau  23 1  days,  and  two-fifths  of  tliem  having 
^ed  289  ilaya-t 

).  Varioiis  states  of  the  coostitution,  especially  that  which  is  deaig- 
naM  as  '  iiritabiiity,"  may  induce  the  ocourrencB  of  tho  parturient  effort 
At  an  earlier  period ;  and  this  constitutes  Premature  Delivery,  or  Abortion, 
rUing  iLs  the  child  is,  or  ia  not,  wtufiie  (§  876).  There  are  some  women 
bom  this  regularly  happeoB  at  a  certain  month,  so  that  it  fleems  to  be 
action  imtunil  to  them ;  but  it  is  always  to  bo  preventeJ,  if  poasiblc, 
ing  iujuriouM  alike  to  the  mother  and  to  the  cliild ;  and  this  prevention 
to  be  attempted  by  rest  and  traiii|nillity  of  mind  and  body,  and  by  a 
avoidance  of  all  the  exciting  causes  which  may  produce  uterine 
itniictious  by  their  operation  on  the  Nurvous  system  (5  872).  Among 
muses  of  Abortion,  however,  the  death  of  tho  foatus,  or  an  abnormal 
,U>  of  tlie  placental  structure,  is  one  of  the  most  c-onunou ;  and  thus 
have  another  very  distinct  proof  of  the  influence  which  the  state  of 
the  mni'-iUa  of  the  uterus  has  on  the  induction  of  the  parturient  effort. 

876.  Tlic  question  of  the  extrtTne  limits  of  the  period  of  Gestation,  ia 
one  of  great  importance  both  to  the  Practitionerand  to  the  Medical  Jurist. 
— In  regard  t-o  the  shorteat  period  at  which  Gestation  may  tenninato, 
oonsifiieDtly  with  the  viabllitt/  of  the  Child,  there  is  still  a  great  degree 
of  uneiertointy.  Most  practitioners  arc  of  opinion,  that  it  is  next  to 
im]x>ssih!e  for  a  ftetus  to  live  and  grow  to  maturity,  whicli  hs;*  not 
nearly  completed  its  seventh  month ;  hut  it  ia  unijueatiouable  tliat 
inikntfi  bom  at  a  much  earlier  period,  have  lived  for  some  months,  or 
even  to  adult  age.  It  is  rare  in  such  cases,  however,  that  the  date  of  con- 
option  can  bo  lised  with  aufiicient  precision  to  enable  a  definite  state- 
t  to  be  given.  Of  the  importance  of  the  question,  a  case  which  some 
since  occurred  in  Scotland  affords  sufficient  proof.  A  vast  amount 
contradictory  evidence  waa  adduced  od  this  trial ;  but,  on  the  general 
le  of  accepting  positive  in  pi'efcrence  to  negative  testimony,  it  seema 

S«  Dr.  J.  C.  Hall  in  "  Medical  Gazette,"  May  6,  1842. 

Tlie  TBry  ingfTUOiiB  dnctrine  h««  bten  proponnded  hj  Dr.  Tjlar  Smitli  ("PartnritioD, 
the  FriuciiiluB  uid  Practice  of  Ohtit«tTicB,"  Lmntun,  184D),  that  the  (ncilmg  cnuBt  nl 
Ltjoti  ia  to  be  fcinnd  in  the  rec urrenco  of  thu  periodical  exdtemeBt  of  the  ovnry, 
bjr  rofloxiou  in  the  uterus  throuBh  the  Bpinal  ayaltm  of  nerrei,  the  ovarian  iiervts 
the  eieil'm,  and  the  uttir'me  the  molim;  this  eicitement  oantinolng  during  tlie 
period  of  geatatioii,  and  giving  a  special  tendency  t«  abortion  at  each  return ;  and 
_  with  mch  potency  at  the  eleventh  recimence,  an  then  to  induce  the  parlnrieat 
tSocX.  He  asBigiiB  no  other  cnuise,  howeyer,  why  this  eleventh  recurrence  should  he  no 
nnch  more  effectual  than  tlie  rest,  than  that  by  this  time  there  is  a  mnch  greater 
qitinde  to  cantrsctioa  in  the  uteru»  itAcIF,  and  an  increaaed  readine.'<!<  tij  be  thrown-oiT 
on  the  part  of  the  placenta, — oonditicme  which  eeem  to  the  Author  to  b«  in  themselvea 
ftdfiqaate  U*  aovunt  ft^r  the  reHult.  Dr.  Tyler  Smith's  hjpothCHia  ie  diHtiuctly  negatived 
ty  »he  followtn?  facts: — 1.  The  period  Dt  geetatioii,  although  commoii/y  a  multiple  of 
the  uenitnial  iDtcrval,  ia  by  no  uxenta  nnu'a«t/i/  so  ;  the  former  often  remaining  normal, 
vhen  the  latter  ia  ahortcr  or  longer  than  uaual,  2.  Parturient  efforta  tulce-place  in 
the  Dterun,  notwitbatAnding  the  previoUB  removal  of  the  lover  part  of  the  epinal  conL 
3.  The  remoi'al  of  the  ovaries  in  the  later  part  of  f-estation  does  not  interpose  the  leoat 
dunk  to  the  parturient  action,  a.<i  Prof.  Simi^son  of  K<liii),iirgh  hm  eijwri  men  tally  aicer- 
~  — The  Anlhor  conaiiicni  himself  fully  juatilied,  tlmrcfure,  in  aaacrting  that  this 
does  not  poaaesa  the  alighteat  claim  to  be  entertained  aa  even  a  powible  one ; 
refer,  for  a  more  detailed  examination  of  it,  to  the  "  Brik  and  For.  Med.-Chir. 
i*w,"  Tol.  iv.  p.  1. 
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that  we  ought  to  consider  it  possible  that  a  child  may  live  for  fame 
mouths,  which  hiia  beeu  honi  at  the  ntncluaiuu  of  24  wecka  of  gestation. 
In  the  case  in  queation,  the  Presbytery  decided  in  tiivour  of  the 
legitimacy  of  on  infant  born  alive  within  25  weeks  after  tnarriagc;* 
A  very  interesting  case  is  on  record.t  in  which  the  mother  (who  had 
borue  five  children)  was  confident  that  her  period  of  gestation  was  less 
than  19  weeks-  the  facta  stated  i-espocting  the  development  of  the  child 
are  necessarily  very  imperfect,  as  it  was  im|>ortunt  to  avoid  exposing  liia 
body,  in  order  that  his  temperature  might  be  kepl^up;  hut  three  weeks 
after  his  birth,  he  was  only  13  inches  in  lengtli,  and  his  weight  was  no 
more  than  Hi)  oz.  At  tliat  time,  according  to  the  calculation  of  the 
mother,  lie  uii^ht  he  regarded  ascorresjiondiugwitliau  infant  of  22  weclcs 
or  5  months^  but  the  length  and  weight  were  greater  than  is  usual  ab 
that  period,  and  he  must  probably  have  been  boru  at  about  the  2i>th 
week.  It  is  aji  interesting  feature  in  this  cose,  that  the  calorific  poweI^' 
of  the  infant  was  so  low,  that  artificial  heat  was  constantly  needed  to 
sustain  it;  but  that  under  the  influence  of  heat  of  the  fire  he  evidently 
became  weaker,  whilst  the  warmth  of  a  person  in  bed  rendered  him  lively 
and  comparatively  strong.  During  the  first  week,  it  wasextremely  diffi- 
cult to  get  him  to  swallow  ;  and  it  was  nearly  a  month  before  he  could' 
suck.  At  the  time  of  the  report,  he  wan  four  months  old,  and  bis  health 
appeared  very  good. — Another  case  of  very  early  viability  has  lieen  more 
recently  put  on  record  by  Mr.  Dodd;t  in  this,  as  in  the  former  instanoe, 
the  determination  of  the  cliild's  age  rests  chiefly  on  tlie  opinion  of  the 
mother;  but  there  ajiiicars  no  reason  for  suspcciiug  any  fallacy.  The 
child  seems  to  have  been  bom  at  the  26th  or  37th  week  of  gestation ; 
and  having  been  placed  under  judicious  management,  it  has  thrirea 
■well. — One  of  the  moat  satisfactory  cases  on  record,  is  that  detailed  by 
Dr.  Outrepontj  (Professor  of  Obstetrics  at  Wurtzburgh),  ajid  stated  by 
Dr.  Chris^on  in  Lis  evidence  on  the  case  first  alluded-to.  The  evidenoe 
is  as  complete  as  it  is  possible  to  be  in  any  case  of  the  kind ;  being  derircd 
not  only  from  the  date  assigned  by  the  mother  to  Iier  conception,  bu' 
also  fi-om  the  stmcture  and  history  of  the  child.  The  gestation  could 
have  only  lasted  37  weeks,  and  was  very  probably  lesa.  The  length  at 
the  child  was  13^  inches,  and  its  weight  was  24  oz.  Its  development 
was  altogetlier  slow;  and  at  the  age  of  eleven  years,  the  child  seemed  n« 
more  advanced  in  liody  or  mind,  than  most  other  lads  of  seven  yeait 
old.  In  thia  last  point,  there  is  a  very  striking  correspondeuee  with  tha 
results  of  other  observations  upon  premature  children,  made  at  an 
earlier  age. — A  veiy  remarkable  case  has  been  siuee  put  ou  re«ord  by 
Dr.  Barker  of  Diinifrioa,||  in  which  the  child  is  aifii-med  to  have  been  bdm 
on  the  1,58th  day  of  geatjition,  or  in  the  middle  of  the  l-wenty-thirJ  woA 
after  intercourse.  lu  size,  weight,  and  grade  of  development  were  con- 
formable to  Ulc  asserted  period :  for  it  weighed  only  1 6  ui.,  and  measnrad 
1 1  inches ;  it  had  only  ruilimentary  nailn,  and  scarcelv  any  hair  «XMfk 
a  little  of  reddish  colour  on  the  bock  of  the  head ;  the  eyelids  wera  tiaaeS^ 

'  "  Eeport  of  P^«^ralingB  against  tbe  Her.  Pereaa  JaiUne,"  BJinbui^,  1639. 

+  "Blinl..  Med.  nnJ  i^tirg.  Joanial,"  Tgl.  li, 

i  "  ProTinciHl  Medjc&l  and  Surgical  JoutoaI,''  vol,  ii.  p.  474. 

S   ^'  HeDku^H  Zcitschrift,^'  ^lond  vi. 

II  "Medical  Tiioes,"  Kept.  7,  find  Oct.  12,  1860. 
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Jtud  did  iiiil  open  until  tLe  second  day ;  tlie  akin  was  Bhrivielled.  Whou 
~  rn  it  was  wmpped-up  in  a  box  Hnd  [ilaceil  before  the  firo.  Tlie  eliild 
'did  not  suck  properly  until  after  tlie  lapse  of  a  inontli.  nud  did  not  walk 
intil  slie  waa  mnrt<«n  months  old.  Tliree  years  and  a  half  afliTwarda, 
is  ehild  W8S  in  a  thriving  stale,  and  very  healthy,  but  of  suall  make; 

tlieri  weighi'd  29J  lbs, 
877.  A  like  uncertainty  exists  with  regard  to  the  degree  of  prof  ratlitHi 
■of  wliich  the  ordinary  duration  of  Ueabttion  ia  oaiiohle. — Many  ohsi«triij 
imctitioners,  whose  experience  should  give  much  weight  to  their  opinion, 
.HJutnin  that  the  rt^ular  period  of  40  weeks  ia  never  estended  by  moro 
two  or  three  daysj  whilst,  on  the  other  hand,  there  arc  nuiueruus 
Oil  record,  which,  if  testimony  is  to  bo  believed  at  aU  (and  in  many 
the  character  and  circti instances  ('f  the  parties  place  them  above 
Minpieion),  furnish  ample  evidence,  that  Gestation  may  be  prolonged  for 
t  lesist  three  weeks  beyond  the  regular  t«rni,*  The  Eagliah  law  fixes 
lO  precise  limit;  and  the  decisions  which  have  lieeu  given  in  our  courta, 
hen  qneations  of  this  kind  have  been  i-aised,  have  been  mostly  formed 
ibe  ooUatertd  oii'cumBtanoes.  The  law  of  Franco  provides  that  the 
timacy  of  a  child  boru  within  300  days  alter  the  death  or  dejiarturtf 
'  1^  hueband  sball  not  be  questioned ;  imd  a  child  boni  oAer  more  than 
'0  days  ia  not  declare<t  a  bastard,  but  its  legitimacy  may  be  coatcjfted. 
the  ScolcU  law,  a  child  ia  not  declared  a  bastard,  unlvss  bom  after  the 
nth  month  from  the  divatli  or  departure  of  the  husband. — Very  im- 
nt  evidence  on  tliii!  subject  Is  afforded  by  investigations  on  the  lower 
.Is,  which  are  free  fi-oni  many  sources  of  fallacy  tliat  attend  human 
itimony.  The  observations  of  Tessior,  which  were  continued  during 
a  prrit-d  of  forty  years,  with  every  precaution  against  inaccuracy,  have 
fumixhed  a  body  of  results  which  seems  quite  decisive.  In  the  Cow, 
the  ordinary  period  of  gestation  is  about  the  same  as  in  the  Hiimou 
female;  but  out  of  577  individuals,  no  less  than  20  calved  beyond  the 
398th  day,  and  of  these,  some  wont-«n  to  the  321st,  making  an  excess  of 
rly  six  weeks,  or  about  onc-teoenth  of  the  entire  period.  Of  417 
whose  natural  period  of  gestation  is  about  335  days,  42  foaled 
Iween  the  35Dth  and  the  419th  days,  the  greatest  protraction  bciug 
us  84  days,  or  just  one-fourth  of  the  usual  t«rm.  Of  912  Sheep, 
hose  natural  period  is  about  151  days,  D6  yeaned  beyond  the  153rd  day ; 
d  of  those.  7  went-on  until  the  157th  day,  making  an  excess  of  6  days, 
f  I'JI  Rabbits,  whose  natural  period  is  about  30  day^  no  fewer  than 
25  littered  between  the  32nd  and  the  35th;  the  greatest  protraction  was 
here  ime-aij:th  of  the  whole  period,  and  the  jiroportion  in  which  there  wna 
ft  manifest  prolongation  was  also  nearly  one-aixth  of  the  total  number  of 
individuals.  In  the  incubation  of  the  common  Hen,  the  duration  of  wldch 
mnst  be  entirely  iletermincd  by  the  rateof  embryonic  development,  Tejaier 
that  there  was  not  un&e<juently  a  prolongation  to  the  amount  of 
days,  or  mi«-»ev6nth  of  the  whole  period, — In  regard  to  Cows,  the 
ations  of  Tessier  have  been  confirmed  by  those  of  Earl  Spencer, 
has  pablisfaed't'  a  table  of  the  period  of  gestation  as  observed  in  704 
dividualit;  he  considers  the  average  period  to  be  2S4  or  385  days;  but 

A  fptA  coUectioD  of  £3cli  aim  will  be  Cound  ia  Dr.  Mon^nraerf's  eirtllent  Hork  oa 
the  "Signs  of  Pr^nnncj,"  and  in  Dr.  A.  TkjIoi's  "Medical  Joriapnideiicc." 
t  "  Jonmai  of  the  Bnglish  Agricoltnral  Sooietj,"  1BS9. 
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no  fuwur  thoai  310  calved  after  the  285th  day;  and  of  these,  3  wont-on 
to  the  306th  day.  and  1  to  the  313th.  It  is  curious  that  among  the 
calves  born  between  the  2!IOth  and  300th  days,  there  waa  a  decided  pre- 
pondorance  of  nialea,— these  being  74,  to  32  females;  whilst  aU  of  those 
bom  after  the  30ftth  day  were  females.  The  ailditioual  series  of  oliaerva- 
tions  subsequently  made  by  Earl  Spencer,  in  regard  to  the  constant  pro- 
traction of  the  periml  in  75  cows  in  calf  by  a  particular  bull,  has  been 
already  noticed  (§  8T4). — Another  series  of  observations  haa  been  pub- 
lished by  Mr.  C.  N.  Boment  of  Albany,  U.S.,"  who  haa  recoi-ded  the 
period  of  gestation  of  62  Cowb.  The  longest  period  was  33f!  day?;  the 
shortest,  213  days.  The  average  period  for  male  calves  wna  28&  days; 
and  for  females  282  days. — On  the  whole  it  may  be  considered,  that  in 
regard  to  the  Human  female,  the  French  law  ia  a  vety  reasonable  one; 
there  being  quite  sufficient  aoalc^ical  evidence  to  sapjiort  the  aasertions 
of  females  of  good  character,  having  no  motive  to  deceive,  which  lead 
to  the  concluaiou  tliat  a  protraction  of  at  least  four  weeks  la  qoit^ 
possible,  and  that  a  protraotion  of  six  weeks  is  scarcely  to  be  denied-f 

878.  There  is  another  question  regarding  the  function  of  the  Fejoale 
in  the  Reproductive  act,  which  is  of  great  interest  in  a  scientific  [>oint  of 
view,  and  which  may  become  of  importance  in  Juridical  inquiries ; 
namely,  the  possibility  of  Superfatatuyn,  that  ia,  of  two  dbtinct  eoneeji- 
tiona  at  an  interval  of  greater  or  less  duration;  so  that  two  fiftuscs  of 
different  ages,  the  oflspriug  perhaps  of  difl'erent  parents,  may  exist  in  tbf 
uterus  at  the  same  time.— The  simplest  case  of  Sujierfistation.  the  ft*- 
quunt  oouurrence  of  which  places  it  beyond  reasonable  doubt,  ia  that  in 
which  a  female  has  intercourae  on  the  same  day  with  two  males  of  diffe- 
rent complexions,  and  beara  twins  at  tlie  full  time;  the  two  infiuitii 
resembling  the  two  parents  respeotivoly.  Thus,  in  the  Glavc'-stat«s  of 
America,  it  is  not  uncommon  fora  black  woman  to  bear  at  the  same  tima 
a  black  and  a  mulatto  child ;  the  former  being  the  offspring  of  hi^r  blark< 
husltand,  and  the  latter  of  her  white  paramour.  The  converse  has  ixmk- 
aionally,  though  less  &-eiiuently,  occurred :  a  white  woman  l)eaiiiig  at  Cli« 
same  time  a  white  and  ft  mulatto  child.  There  ia  no  dilhculty  in  ac<Nnuit- 
ing  for  such  facts,  when  it  ia  remembered  that  nothing  haa  occurred  to 
prevent  the  uterus  and  ovaria  from  being  aa  reaily  fur  the  second  eon- 
oeplion  as  for  the  first ;  since  the  orifice  of  the  former  is  not  yet  eloa^ 
up;  and,  at  the  time  when  one  ovum  \a  matured  for  feenndation,  them 
are  usually  more  in  nearly  the  same  condition. — But  it  is  not  easy  tbn* 
to  account  for  the  birth  of  two  children,  each  ajiparently  mature,  at  Ml 
iutervol  of  five  op  six  months;  aince  it  might  Imve  been  supposed  that 
the  uterus  waa  so  completely  occupied  with  the  first  ovum,  aa  not  W 
allow  of  the  transmission  of  the  somiiud  fluid  neceanry  for  ih*  feouuda- 
tiou  of  the  second.  In  cases  where  two  children  have  been  prxx/tuvt/at 
the  some  time,  one  of  which  was  fully-formed,  whihn  the  other  was  oiuUl 
and  seemingly  premature,  there  is  no  occasion  wliatever  to  imagine  thftt 
two  were  amceived  at  different  [>eriods ;  since  the  smaller  fmtue  nuiy  h*' 
been  '  blighted,' and  its  development  retarded,  aa  not  unfrequentlyha[^«iM| 


I 


■  ■ '  Amerii'iin  Juumal  of  tbe  Ueilical  Si:i«a(Hg,"  October,  1S4G. 

t  S«e  expwially  two  ama,  133  hdiI  181,  iluUuIed  liyDr.  Hnrphjin  hi*  ' 
ObBldtrio  Fmnlice  of  L'liiivnit;  CuUege  Huiipittil"  for  1844  ;  and  angUiar 
ILshud  bji  him  in  Ihe  "  MedioJ  UiLieLbs"  fui  IH9,  toI.  xlviu.  p.  CS3. 
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'  ill  uiher  caaea.     Nor  is  it  necessary  to  infer  tlie  occurretioa  of  suficifietii- 

titiu  in  erery  oase,  in  which  a  tiTing  child  ha«   bueii   produced  a  moDth 

I  or  tw"  nfiior  the  birth  of  another;  aince  the  latter  may  have  been  somc- 

'  vhnt   jiretmiture,  whilst  the  former  boa  been  carried  to  thi!  ftill  term. 

But  Biifh  a  differeuco  can  scarcely  be,  at   the  most,  more  than  2^  or 

I  3  inootbs;  and  there  »ro  several  cases  now  on  record,  in  which  tho 
^^intf-rvul  was  from  1 10  to  170  djiys,  whilst  neither  of  the  chililren  [ire- 
^Bsented  any  tn<iication  of  being  otLerwiae  than  mature.* 

^B      879.  Whatever  be  the  [ireeiao  nature  and  history  of  the  Fecundating 

^r  proeesH,  there  can  be  no  doubt  that  the  properties  of  the  Germ  depend 

ujMin  conditions,  both  materia!  and  dynamical,  supplied  by  buth  Parents. 

IThia  LB  most  obviously  shown  by  the  j'lision  of  the  characters  of  the 
]wreut8,  nhich  is  exhibited  by  hyhriih  between  distinct  species  or 
Strongly- marked  varieties  among  the  lower  animals,  auch  as  the  Horse 
Hud  Ass,  the  Lion  and  Tiger,  or  the  various  breeds  of  Doga ;  or  in  the  uff- 
Hpring  of  parents  l«longing  to  two  strongly-contiitstod  Races  of  Men, 
Buch  na  the  European  on  the  one  hand,  and  the  Negro  or  American 
Indian  on  the  other. — It  has  long  been  a  prevalent  idea,  that  certain 
|MU'U  of  the  organism  of  the  offspring  are  derived  from  the  male, 
(md  ivrtftin  other  [mrts  from  the  female  parent;  and  although  no  universal 
rule  can  be  laid-dowu  u|K)n  this  point,  yet  the  independent  observotion-s 
which  have  been  made  by  numerous  practical  'bi-eeders'  of  domestic 

II  animals  (both  mammals  and  birds),  eeem  to  establish  that  such  a. 
^^Icndency  has  a  real  existence;  the  charactera  of  the  Animal  portion  of 
^Bthe  fabric  hcicg  especially  (but  not  exclusively)  derived  from  the  nude 
Vpanut,  and  ih<x«  of  the  Orf/anic  appiuatua  being  in  like  niaoiier  derivt^d 
m  from  the  female  parent.     Tho  former  will  bo  chiefly  manifested  in  the 

external  appearance,  in  tlie  general  configuration  of  the  head  and  limbs, 
in  the  organs  of  the  senses  (including  the  skin),  and  in  the  locomotive 
apparatus;  whilst  the  latter  show  themselves  in  the  size  of  the  body 
(which  is  primarily  determined  by  the  development  of  the  viscera  con- 
tained in  the  trank),  and  in  the  mode  in  which  the  vital  functions  are 
performed.  Thus  the  miiie,  which  is  tho  produce  of  tho  male  aas  and  the 
mare,  is  essentially  a  vwdi/ied  aas,  having  the  general  con  figuration  of 
its  Mre  (slightly  varied  by  equine  peculiarities),  but  having  the  i-ounder 
trunk  and  larger  size  of  its  dam ;  on  tho  other  hand,  the  hinny,  which  is 
the  oflapring  of  the  ."itallion  and  the  she-osa,  is  essentially  a  Ttuidified  horse, 
baring  the  general  configuration  of  the  horse  (though  with  a  slight 
admixture  of  asinine  featitres),  but  being  a  much  smaller  animal  than  ita 
ure,  and  thus  apjiroacliing  its  dam  in  size,  as  well  as  in  the  comparative 
narrowness  of  its  trunk.  The  influence  of  the  female  on  the  general 
'  constitution,"  and  eHpeciaJly  on  the  fiittening,  milking,  and  bi-eeding 
qualities  of  the  offspring,  is  asseiled  to  be  proved  by  the  history  of  severiU 
noes  of  sheep  and  cattle,  which  have  been  most  distinguished  in  these 
respects. t — But  however  general  this  rule  may  prove  to  be  oa  regards  the 

KDwer  animals,  it  is  by  no  means  universal;    for  instances  are  by  no 
•  See  Ihe  Arliele  '  auj^rfcclaUon,'  in  Dr.  Beck'd  "  Elemsnts  of  Malicnl  JoriBprndeiico." 
+  8eo  Wslker  "  Ou  IntiitiuiuTiiigB ;"  Orton  on  'The  Phjsiologj  of  lireeiling,' in  Wie 
'NwcmUp  Cbroiiiole."   March   10,   18M;    and   Dr.   Alei.    Harvey   'Ua  tlie   lUUti.o 
laflneim  uf  the  Mile  mid  Foinule  TikreiitB  in  the  RepToJuctioD  of  the  Aniinnl  Spenies,'  in 
1      "Bdiob.  Uonlhl}  Jouro.,"  Img.  18M. 
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means  unfrequeat,  in  wliicli  the  multiple  progeuy  of  one  ooDccption  divide 
between  them  tbe  clmracters  of  the  piu-enta  in  very  diH'erent  modes. 
Thus,  in  a  ease  in  which  a  Setter  bitch,  liaving  Itcen  '  lined'  by  ft  Pointer, 
bore  three  pups,  two  of  these  pU]>H  seemed  cjtcluaively  to  resemble  the 
father,  appearing  to  be  perfect  Pointei-s  in  configuration,  and  growiug-up 
with  the  habits  of  that  race;  whilst  the  third  seanied  equally  to  resemble 
its  mother,  being  appai-ently  a  true  Setter  both  in  structure  and  instinct. 
Tet  not  withstanding  tliis  apparent  restriction,  it  subsequently  appeared 
that  the  pointer-pupa  inuat  have  had  sonietliing  of  tlie  setter  in  their 
constitution,  and  the  setter-pup  something  of  the  jwinter  For  one  of 
the  Pointer-pups  (a  male)  having  been  matched  at  the  proiier  age  with  a 
Pointer-bitch  of  pure  breed,  one  of  the  pnpa  borne  by  the  latter  waa  a 
tnit  getter,  exactly  resemliling  its  patcnjal  gmjidmother,  and  another  waa 
setter-ntaTked ;  and  the  Hetter-pup  (a  female)  having  been  lined  by* 
Settev-dog  of  piire  breed,  theiy;  were  among  its  litter  of  pupa  two 
poi'iCer»  resembling  their  maternal  grandfather. — The  same  variety  pre- 
sents itself  to  even  a  greater  degree  in  the  Human  specie*.  Fur  in 
almost  every  large  family  (and  sometimes  even  where  there  are  no  mora 
than  two  ohildien*),  it  will  be  observed  that  the  likeness  to  the  father 
predominates  in  aome  of  the  children,  and  tlie  resemblance  to  the  mother 
in  otliers.  Still  it  is  rare  to  meet  with  inBtnnces  in  which  ttuiiie  distinctire 
traits  of  boC/i  ;>arents  may  not  be  traced  in  the  otTspring;  these  truta 
often  showing  themselves  in  peculiarities  of  manner  and  gesture,  in  ten- 
dencies of  thought  or  feeling,  in  pruneneas  to  particular  constituUonal 
disorders,  ic,,  oven  where  there  is  no  personal  resemblance,  ami  where 
there  has  been  no  possibility  that  these  peculiaritieti  should  havi;  be«n 
gained  by  imitation.  And  even  when  they  are  overborne,  as  it  were>  in 
the  immediate  progeny,  by  the  stronger  influence  derived  from  the  other 
side,  they  will  often  i-eapjioar  in  a  subsequent  genenitiim  (as  in  the  caae 
just  cited),  constituting  the  pheuomenon  known  iw  Atavuini. 

880.  The  influence  of  both  Parents  on  the  constitution  of  the  Offspring, 
is  strikingly  iruuiifested,  not  merely  in  the  luluiinture  of  their  characters 
normally  displayed  by  the  latter,  but  id.40  in  the  tendency  to  the  kerfdi- 
tai'i/  traiuniiiiBion  of  ])erverted  modes  of  functional  activity  which  may 
have  been  habitual  to  either.  The  diseases  which  are  usually  considered 
to  be  most  |irone  thus  to  reappear  in  successive  generations,  are  Scrofula, 
Gout.  Syphilis,  and  Insanity ;  but  it  can  scarcely  be  doubted  that  many 
others  might  be  added  to  this  lisLt  The  predisposition  may  liave  beat 
eo7tgeniliii  on  the  part  of  the  parents,  or  it  may  have  been  aequir^  by 
themselves;  and  in  no  case  is  this  more  obvious,  than  in  the  iofluenc*  of 
Alcoholic  excesses  on  the  part  of  one  or  both  paruntn,  in  ]>roducing  Idiocy, 
a  predisposition  to  Insanity,  or  weakness  and  instability  of  Mind,  in  tie 
children,  this  being  especially  the  case  where  both  pai'entB  have  thus 

*  One  of  the  most  nmiu-knble  cases  of  tbiB  kind  known  to  tli«  Author,  U  tlutt  at  Im 
SiBtcra,  who  iie«ia  Vi  resemble  i^ni:h  other  in  do  Qi;e  [uiitt  of  conGffumtiuii  or  acM^ 
rhanu^ter ;  bat  of  whE>ui  u^o  ticoj^  a  moat  atnkiug  rrHtimbljuioe,  \»i\it  in  pt^raon  ud  ia 
mind,  to  her  Falhur ;  wliiLit  tlie  other  iw  leas  Btrikingly  reBemblBs  hur  Mother.  Tbe  oalf 
pciziiliaritioti  nhii'h  ut  all  iadicnl^  their  rflMionship,  hth  a  gUDt;  diatheBu  which  the;  batt 
ialtarit  fj'om  thoir  fitthpr,  nad  an  idiatijnurafij  in  r^ardto  opiutu,  uf  whic^h  aeiUier  b  tiAM 
lo  taku  even  a  aniall  doec  |in  any  form  irhnt«iier)  witlioot  Tioloiit  vomiting. 

+  See  the  very  iuI«T«:itiag  and  ao^eatiii)  Cliapter  '  Ou  Buivditarf  Dixouc,'  in  Sir  H, 
UoUand'H  "iUedical  Notes  soil  Beflwtions." 
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ti'ansgresaed.  Thus  out  of  3S9  Idiots,  the  conditiou  of  trhose  progenitors 
coiilil  be  aayfi-taiued,  it  was  found  that  no  fewer  than  99  were  the 
children  of  absolute  druuksirds;  and  thyn?  was  reason  to  believe  that  a 
large  pro|)Ortion  of  the  jjaninte  of  the  remainder  were  more  or  leaa 
intemperate,  only  about  a  quarter  of  the  whola  number  of  idiots  having 
been  found  to  be  the  children  of  parents  who  were  known  to  be  tem- 
perate.* And  it  is  perfectly  well  known  to  those  who  are  conversant 
with  Insanity,  that  of  all  the  '  prtdisposhig  cansea'  of  that  disorder, 
habits  of  intemperauce  on  the  part  of  cither  or  both  parenta  are 
among  the  most  frequent. — The  intenaiticatiou  which  abnout  any  kind 
of  pervention  of  Nutrition  derives  from  being  common  to  both  parents,  ia 
most  remarkably  evinced  by  the  lamentable  results  which  too  frequently 
uocrue  from  the  marriage  of  iudividuala  nearly  related  to  each  other, 
and  partaking  of  the  Game  '  taint'  Such  rcaultti  must  have  fallen 
within  the  knowledge  of  almost  every  one  possessing  an  esleudeti  field 
of  observation  ;  but  they  are  brought-out  with  fearfnl  vividness  by  tho 
unerring  test  of  projierly-coUccted  Statistics.  Tor  out  of  the  339  idiots 
juat  referred-to,  17  vera  hioimi  to  have  been  the  children  of  pareuta 
neiwly  related  by  blood;   and  this  relationship  waa  misiiccted  to  have 

*  existed  in  several  other  cases,  in  which  positive  iufonim.tion  could  not  lie 
obtained.  On  examining  into  the  history  of  the  17  families  to  wliieh 
these  individuals  belonged,  it  was  found  that  they  liad  consisteil,  in  all, 
of  95  ehildreii;  that  of  these,  no  fewer  than  li  were  idiotic,  12  others 
wore  scrofulous  and  puny,  1  was  dca£  and  1  was  a  dwarf.  In  some  of 
these  families,  all  the  children  were  either  idiotic,  or  very  scrofulous  and 
puny;  in  one  family  of  8  children,  5  were  idiotic. t — But  it  does  not  seem 
requisite  for  the  production  of  very  imperfect  ofispring  fi'om  tho  inter- 
luarri^t!  of  near  i^'latious,  that  any  decided  '  taint'  should  exist  in  the 
parentu;  for  the  Author's  own  observations  and  enquiries  load  him  U> 
conclude  that  the  same  danger  results,  when  there  is  any  strong  pei-aoual 
or  mental  '  idioayncrnsy,'  such  as  ia  often  seen  to  run  through  the  mem- 
bers (both  male  and  female)  of  a  particular  family,  causing  them  to  he 
at  ouce  recognized  as  belonging  to  it,  by  those  who  have  been  familiar 
with  other  members.^  This  liability  pi-obtibly  does  not  exist  to  nearly 
the  HHme  degree,  where  the  parents,  although  nearly  related,  differ  widely 
in  physical  and  in  psychical  characters,  through  the  pnwioini nance  of  ele- 
ments which  have  been  introduced  by  (AeiV  non-rehited  [larentti ;  as,  for 
I  example,  when  a  man  who  strongly  resembles  his  /allter  rather  than  his 
mother,  man-ies  the  daughter  of  his  vtotltm-'i  brother,  who,  on  her  pai-t, 
resemblea  her  own  itujflieT  rather  than  her  father.  But  the  case  previonsly 
nited  (5  879}  gives  warning  that  even  here  the  'family  idiosynci-asy  '  may 
exist  in  a  jKiwerfid  degree,  though  in  a  latent  form,  and  may  seriously 
fttfect  the  constitution  of  the  offspring.  It  is  quite  as  common  to  meet 
*  See  Dr.  Hove'a  "  Bcport  dd  Idiiwy  to  the  Lvgliiliiturc  of  Klassucbufvtln,"  ISIS, 
t  8*e  Dr.  Hone's  Rejiort,  p.  BO.  An  BlistrnM.  of  thin  Ecpurt  i»  given  in  the  "  Amer. 
Jonm.  uf  .«cd.  8cL,"  A[>ri!,  ISIB. 

;  A  ninEt  lunentahle  instuice  of  this  kind,  vb\cb  happened  aami!  jeus  ago.  Id  ■  Ikinily 
vtll  known  U>  the  Autbor,  wui  Ihe  c^Knaioa  of  hii4  first  directing  Mh  Rtt«utJon  ep^ia-Uj 
to  this  point.  Two  finst-cuuBiun,  jjoBaBsaing  a  Btronjt  ■  family  idio»rnijr»ay,'  bnt  no  dsliuiM 
'uint,'  tiving  mnrriod,  fuur  chiliirpn  were  Uiru,  ewi  uf  which  nsK  clininguiahed  by 
wmo  DMrkcd  defei^t  of  orguDiiHtiuu  or  prrreniian  of  fuDFtiou ;  ono  Iwiug  denf  luirj  dunil^ 
^^  wutbaTKrofalonfl,  a  third  idiotic,  uid  the  foorth  opiloptic. 
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with  Atavism  in  the  tranBrnisaon  of  horeditaij  disease^  as  in  the  rep 

duction  of '  fmiiily  likcuess.' 

881.  Attentiou  hna  recently  been,  dirpctod  to  a  very  curious  class  i 
phenomena,  which  show  that  where  the  mother  has  previoualy  lior 
offspring,  theinflueBce  of  i(s  fiither  may  be  impressed  on  her  progeny  after-* 
wanis  liegotten  by  a  ilifforent  parent:  as  in  the  wcli-known  case  of  the 
tranamitision  of  Quagga- marks  to  a.  succession  of  colte,  both  whose  parents 
were  of  the  species  Horse,  the  mare  having  been  once  impregnated  by 
a  QunggH.  maiej*  and  in  the  not  unfrequent  oecurrence  of  a  gjinilar 
phenomenon  in  the  Human  species,  us  when  a  widow  who  marries  a 
second  tiiuo,  bears  children  strongly  rpseiribling  her  lirtit  husband.  Some 
of  these  cttses  appear  referable  to  the  strong  mentAl  impression  leA  by 
the  first  male  jiaront  upon  the  female ;  but  there  are  others  which  seem  to 
render  it  more  likely,  that  the  blood  of  the  female  hn"  imbi1>e<l  from  that 
of  the  fiBtus,  through  the  placental  cironhition,  some  of  the  attribuus 
which  the  latter  has  derived  from  its  male  parent;  and  that  the  female 
may  communicate  these,  with  those  proper  to  henielf,  to  the  subsequent 
offspring  of  a  different  male  parentage. t — This  idea  is  bome-out  by  ^k 
great  number  of  imi>ortant  facts;  and  it  serves  to  explain  the  circtua^l 
stance  well  known  to  pi-actitioners,  that  secoiiilary  syphilis  will  oftcn^^ 
appear  in  a  female  during  gestation  or  alter  parturition,  who  has  never 
had  primary  symptoms,  whilst  the  father  of  the  child  shows  do  recent 
syphihtic  disorder.  For  if  Ac  have  communicated  a  syphilitic  taint  to  the 
fcetus,  the  mother  may  become  inoculated  with  it  through  her  offiiprio^ 
in  the  manner  juat  described,  Aa  this  is  a  point  of  great  practicai 
importance,  it  may  be  hoped  that  those  who  have  the  opportu&i^ 
bringing  observation  to  bear  upon  it,  will  not  omit  to  do  so. 

883.  There  seems  good  reason  to  believe,  moreover,  that  the  attribute' 
of  tlie  Germ  are  in  great  degree  dejiendent,  not  merely  upon  the  Ao&ifiud 
conditions  of  the  Parents  which  have  ftiniished  its  original  ctimpnnenb^ 
but  even  upon  the  condition  in  which  those  parents  may  be  at  tJie  time 
of  senna]  congress.  Of  this  we  have  a  reuiarkable  proof  in  the  phe- 
nomenon well  known  to  breeders  of  auiftials,  that  a  strong  mental  impre*- 
aion  made  upon  the  female  by  a  particular  male,  will  give  the  of&pring  ■ 
resemblance  to  him,  even  though  she  has  had  no  sexnal  intercouree  with 
him;J  a  circuniHtance  for  which  there  is  no  difficulty  in  accounting,  on 
the  hyiKitbeaia  already  put-forth  regarding  the  dynamical  relaDou  of 
Mental  states  to  the  Organic  processes  (Chap.xv.).  And  there  is  noinv- 
probability,  therefore,  in  the  idea  that  the  offspring  of  jiarents  ordinarily 
healthy  and  temperate,  but  begotten  in  a  tit  of  intoxtcatiou  on  both 
sides,  would  be  liicly  to  suffer  jwrnianently  from  tiie  abrogation  of  \h» 
reason,  which  they  have  temporarily  brought  upon  themselTes,| — On  the 
whole,  then,  we  seem  entitled  to  conclude,  that  the  attributes  of  the 
embryo  will  be  influenced  in  n  most  im[>ortajit  degree  by  the  entire  con- 
dition [as  relates  both  to  the  organic  and  the  psychical  life)  of  both  paronU 

*   "PliiloeophicfllTrinBaclioiut,"  1821. 

t  See  HD  iuIvrcstiDg  diseiUBioD  of  this  qaettJon,  lij  Dr.  Alex.  Utrrrj,  in  tka  "  VMA 
HonthI;  Joura.,"  Oct.,  1S49,  und  Oct.  and  Nut.,  1350;   uul  in  bin  puniihtct  "0«  a, 
Renmrbiblo  Effwt  of  CroM-breeiiiEe,"  Kdiab.,  18fil, 

I  See  Hsrrej,  lot  oit. 

S  Sec  a  cue  of  thii  kind  related  b;  Mr.  H.  Combe  in  the  "  Pbrenulegical  Jooi^' 
Tul.  viii.  p.  171. 
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the  time  of  the  seiual  congresa ;  and  it  is  jtrolniltly  on  account  of  thn 

er|>etuH]  changes  tokiKg-plaec  in  the  bodily  aiid  nienfaJ  state  of  carh 

ulii'iiliiat  (his  cuaditioQ  ut  any  one  Lime  being  the  gcimnil  rt^KultAut  nl' 

those  clinnges),  that  we  almost  coiiatiintly  witness  marked  differeiioea 

tweeii  chiJdren  lioru  at  successive  iuterviils,  however  strong  may  be  the 

lily  likeness'  uniong  them;  whilHt  the  leserahlance  between  twiua  ia 

at  invaiiubly  much  cloaur." 

When  it  is  bomu  in  mind,  that  during  the  eutire  period  of 
tion,  the  Embryo  is  deriving  its  nutrimcut  exclusively  from  the 
Jood  of  the  Mother,  and  that  the  condition  of  this  Huiil  in  relation  to 
er  fjwn  processes  of  Nutrition  Bod  Secretion,  ia  subject  to  a  very  marked 
ifliieoce  from  her  own  mental  states  (CJiap.  xt.),  it  cannot  fiiirly  be 
ught  improbable,  that  the  developmental  processes  of  the  Embryo 
buuld  be  powerfully  affected  by  strong  Emotional  excitement  on  her 
Among  the  tacts  of  this  clo^,  there  is,  perhnps,  none  more  striking 
that  quoted  by  Dr.  A.  Combef  from  Baron  Percy,  as  having 
ed  aft«r  the  siege  of  Lnndau  in  1793.  In  addition  to  a  violent 
eanuon&ding,  which  kept  the  women  for  some  time  in  a  constant  state  of 
alarm,  the  araenal  blew-up  with  a  terrific  explosion,  which  few  could 
hear  with  unshaken  nerves.  Out  of  92  children  horn  in  that  district 
hthiii  u  few  months  afterwards.  Baron  I'ercy  .states  that  IG  died  at  the 
stout  of  birth ;  33  lungiiishcd  for  from  8  to  1 0  montlia,  and  then  died ;  8 
ae  idiotic,  and  died  bet'orc  the  age  of  3  years;  and  2  c-ame  into  the 
I  with  numerous  fructiu-es  of  the  bones  of  the  limbs,  probably  caused 
lar  uterine  contractions.  Here,  then,  is  a  total  of  59  children 
It  of  'J2.  or  witliin  a  trifle  of  '2  out  of  every  3,  actually  killed  through 
Be  medium  of  the  Mother's  alarm  and  the  natural  consequences  upon 
■  own  organization;  an  experiment  (for  such  it  is  to  the  Physiologist) 
on  too  large  a  scale  for  its  i-esulta  to  be  set  down  as  mere  '  coincidenceH.' 
-No  soundly-Judging  Physiologist  of  the  present  day  is  likely  to  fall 
ito  the  popular  error,  of  supposing  that '  marks'  upon  the  Inihnt  are  to 
referred  to  some  trwnaient  though  strong  imjiression  upon  the  imagi- 
ntioD  of  the  Mother;  but  there  appear  to  be  a  sufficient  number  of  facts 
record,  to  prove  that  habitual  mental  conihtions  on  the  part  of  the 
fother  iitap  have  influence  enough,  at  an  early  period  of  gestation,  to 
luoe  evident  bodily  deformity,  or  peculiar  tendencies  of  the  mind 
838).  Tlie  error  of  the  vulgar  notion  on  this  subject,  lies  in  sup- 
that  (t  sudden  /rigid,  speedili/  /wgolien,  can  exert  such  a  con- 
niinal  iuducnce  on  the  nutrition  of  the  Embryo,  as  to  occasion  any 
personal  pecidiority.i     The  view  here  stated,  ia  one  which  ought  to 


ViTiere  iHlnB  aro  tay  unlike  oue  anotlier,  it  will  uauollj  be  ruunJ  tlmt  llie  diKaimi- 
ity  ia  due  to  tha  precioiiiinnnci;  nf  the  i^hamclera  of  tile  fatLur  id  une,  nnd  uf  tlwae  of  tLu 
,othcr  iu  tlie  other  ;  as  in  the  cokb  tif  tbe  Pointer  uid  Setter  pretiuualy  cited  (g  fi'O). 
t  "On  l}ie  Management  of  Infancy,"  p.  78. 

X  Wnt  tanie  valnable  utiserTCLtiouB  uu  tliJa  gnbject.  Bee  MoDtgomecy  "  On  the  Signs  of 
Prapuuiry." — Numerous  cases  were  recorded  a  few  yean  since  (enpecially  ia  the 
"lancet"  &ad  "  Frovinrial  Meiliciil  Journal"),  in  vhldi  malfonualiumi  iu  tJie  InfMit 
■ppfloitO  dii4liT]<:tly  traceable  1o  strong  iiapreaaiona  mad?  on  tJiQ  mind  of  tbe  Jilother  somo 
dwqUib  prtviouBly  tu  jiartantioD ;  IJkeae  impre^ihiona  Laving  been  pcruateut  during  tbo 
nmaintug  peiiiid  ut'  pregnancv.  And  giving-riee  to  a  full  exjieclciljou  on  tbi!  port  of  tbe 
Mother,  that  tLe  child  wunld  be  nffected  iu  Ibe  ['tuticniar  manner  «hlcb  netnnllj  oecnrreiL 
M  Of  one  tetj  Httiking  case  of  tbis  kind,  tbe  Autbor  is  peiHjnally  cagmzant,  it  liBvinf 
^HtHmrre*!  in  tW  family  of  a  near  ouuneuban  of  hie  owd. 
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have  great  weight,  in  miikiug  iiiauifeat  the  im[)oi-taiice  of  au'efiil  ma 
iiient   of  the   health   of  the   Mother,  both  cov]»orea,l  and  meiitAl,  At       _ 
the  period  of  pregiiaucy ;  aince  the  ultimate  constitution  of  the  iiffspring 
80  much  dependa  npou  the  iniluencea  tlieu  operating  upon   its  mgsb 
impressible  structure. 

i. — Development  of  the  Enihryo. 

884.  The  history  of  the  evolution  of  the  Germ,  from  its  first  Etppear- 
ftuce  as  a  miujle  edl  lying  in  the  midst  of  the  yolk,  lo  the  time  vhuu 
it  preacuta  the  form  iiud  structure  characteristic  of  its  parent-sp«ciei^ 
and  is  ciipable  of  luaiutainiag  nn  independent  existence, — including  Om 
dut&ila  of  the  progrcHsive  development  of  ea«h  Bepnmte  organ,  from 
iU  iirst  upjieai-ance  an  itn  aggregntion  of  simple  cells  formed  by  tli* 
duplicative  BubdiviMion  of  the  priniordifll  vesicle,  to  that  stage  of  com- 
pleteness in  wliich  it  ia  aljle  to  bear  a  pai-t  in  the  vital  economy  of  the 
new  being, — and  embracing,  alao,  the  succession  of  changes  in  the  pm- 
visions  for  the  nutrition  of  the  eujbryo  in  the  successive  ]>hf(ses  of 
its  eslstcnce,  and  the  adaptations  of  its  general  organizati(>n  to  each 
respectively, — constitutes  one  of  the  most  interesting  depailmeiilA  of 
Physiological  Science,  and  one  which  has  of  late  year*  received  a 
peculiar  degree  of  attention.  It  ia  a  branch  of  the  inquiry,  however. 
which  has,  and  seems  likely  to  have,  less  practwU  bearing  than  any 
other;  for  neither  as  regards  the  })rest!i'vation  of  the  body  in  health, 
uor  its  restontiou  from  disease,  is  it  easy  to  see  what  direct  benelit 
the  most  exact  knowledge  of  Embryonic  Development  is  likely  to  afford. 
The  chief  subject  on  wliich  it  throws  light,  is  that  of  Congenital  Mal- 
formations and  Ceficiencies;  many  of  which  are  now  distinctly  trncekble 
to  arrent  or  irregularitj/  of  the  developmental  processes;  some  of  them, 
indeed,  to  f^cesn  (§  355).  For  these  reasons,  the  topic  before  us  will  be 
paased-ovor  much  more  lightly  in  the  present  Treatise,  than  its  scientifio 
impoitiance  might  seem  to  demand;  and  all  tliat  will  be  here  attempted, 
will  be  a  mere  sketch  of  the  mode  in  which  the  evolution  of  the  germ 
takes-jdacG,  this  being  followed  in  the  fi.i'st  instancu  as  a  whole,  whilst 
its  princi[»l  organs  will  be  afterwards  Ec]>arately  considered  as  iboy 
successively  present  themselves.— This  sketch,  however,  will  serve  t* 
convey  an  idea  of  the  nature  of  the  process,  tuid  to  illustrate  ita  cca- 
fbrmity  in  Man  to  that  great  law  of  progress  /roiit  the  general  lo  tin 
apedal,  which  is  equally  manii'este<l  in  the  development  of  every  otber 
organised  being.     (See  Phinc.  of  Cohp.  Phys.,  Chap,  i.) 

885.  When  we  first  discern  the  primordial  cell  wliich  is  to  erolv*' 
ibtelf  into  the  Human  organism,  we  can  truce  nothing  that  esseiktiallr 
distinguishes  it  from  that  which  might  give  origin  to  ant/  other  fan* 
of  orgmnia  structure,  either  Vegetable  or  Animal;  its  condition,  in  &ct, 
being  permanently  represented  by  the  humblest  single-celled  Plants  and 
Animals.  The  earliii'st  stage  of  its  development  coaaists  in  simpl« 
multiphcation  by'  duplicative  Bubdivision'  (PiuNC.  OF'GEX.PuT&),so^>t 
a  mass  of  cells  comes  to  be  produced,  amidst  the  several  ooinponiaite  sf 
which  DO  did'crence  can  be  traced;  and  this  also  finds  ita  parallel  uno^ 
the  simpler  organisms  of  both  kingdoms.  Soon,  however,  this  tiawm 
ffeiieoug  condition  gives  rise  to  a  heteniriciicmu  one ;  the  fitfther  chsngS 
which  difierent  parts  of  this  nuus  undergo,  not  being   of  tJie 
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iform  character,  bo  ihnt  a  marking-out  of  orgatu,  or  uuttiimentAl 

rti  adapted  for  (lifferent  piirposes  in  the  economy,  cornea  to  bo  Uis- 

mible.     The  organs,  however,  whose  distinotuesa  first  liecomea  appa- 

nt,  are  not  (for  tbe  moat  part)  tliose  wliioli  we  trace  in  the  oompletetl 

■ucture,  but  have  a.  meitiy  temjMjrary  character;  being  evolved  eitlier 

a  sort  of  scaffi>lding  or  t'nime-work  for  the  building-up  of  the  moi-e 

rmaneot  parts,  or  wiih  a  view  to  the  nutritioa  of  the  embryo  during 

e  evolution  of  these.      Although  the  first    indicaticins  of  hcteroge- 

oasii<«a  in  the  germiunJ   mass  are  of   nearly  the   ^uie    kind    in    all 

a,- — consisting  in  the  formation  of  a  b/a^totleriiiii'   nieiiihriiiie  (conn- 

IXMed,  however,  of  nothing  else  thaji  laycre  of  cells)  upon  its  exterior, 

whicJi  serves  as  o.  iort  of  temporary  stomach,  whilst  a  large  part  of 

included  mass  undergoes  liqiie&ction,  and  serves  as  the  nutrient 

.terial   lor  the  tisaoes  wiiich  are   to   be   evolved   from  it, — yet    indi- 

ion-t   are   vei-y   speedily   nmnifested,   of  the  primary  division  of  the 

uiuiid   KJDgdoni  of  whicli  tbe  now  being  ia  a  member  ;  thus,  lu  the 

of  the  Human  eniliryo,  as  of  that  of  all  Vertebinted  aiiimala,  the 

outlijie  of  the  permanent  organization  is  shown  in  the  'pi-imitive 

which  mnrks-out  the  line  of  the  vertebral  column  (Plate  II., 

11);  and    in   this   we   very   soon    discern   tlie   foundations   of  the 

,te  vertebra  (Fig.  13.  c).      But  thei-e  is  nothing  at  this  period  to 

ignish  the  germ  of  Man  from  that  of  any  of}i,er  Vertcbrated  animal, 

early  port  of  the  developmeutal  firocess  being  carried-on  upon  tbe 

lie  plan  in  every  member  of  that  sub-kingdom ;  and  it  k  not  until 

meet  with  indications  of  one  of  the  plans  which  arc  peculiar  to  the 

ijiecttve  clftssce  of  that  sub-kingdom,  that  we  can  discover  whether 

genu  in  course  of  evolution  is  to  become  a  Mammal,  Bird,  Reptile, 

Fiah.      So,  even  when  it  has  been   recogniaed   as  belonging  to  the 

amnialian  claas,  there  is  at  first  nothing  to  distinguish  it  from  that 

auv  other  Mammal ;  and  it   ia  only   with  the  advance  of  the  deve- 

ipmentai    process,    that    indications    successively   pi-esent    themselves, 

Ich  enable  us  to  distinguish,  one  after  another,  tjie  characters  of  the 

order,   the    family,   the    genus,  the    species,  the    variety,  the    sex,   and 

individual, — t/ie   mare  xp^-dal  fmlnrfs  jirogregsirel;/    frvolmnr/  t/tan- 

1  out   of  iht   more  yeiteral,  which  is   the  expression   of  the  law  of 

elopmont  common  to  all  Organized  beings.     (See  pRisa  of  Coup. 

'HTs.,  t'hap.  XV.) 

8.Sf!.  With  this  progressive  alteration  in  the  condition  of  the  embryo 

jbtelf,  a  vpiy  i-emarkiible  series  of  idterations  is  proci'eding,  jmri  pas»v,  in 

nioile  in   which   it  is  supplied   with  nutrient    material,  and  in  the 

■liwons  for  the  aeration  of  its  circulating  fluid. — The  firs-t  evolution 

the  germ  takes-place  entirely  at  the  expense  of  the  j/oli;  of  which, 

iwever.  the  store  contained  in  the  Mammalian  ovum   is  veiy  small. 

whole  of  this  ia  very  speedily  incorporated  in  the  substance  of  the 

m,  by  the  pcouliar  process  to  be  presently  deacribeii;  and  there  is  no 

"dual  store  of  '  food-yolk,'  such  as  that  which,  in  the  Bird,  serves  for 

the  nutrition  of  the  embryo  during  the  whole  remainder  of  the  deve- 

topmcutid  process,  by  being  gradually  absorbed  into  the  substance  of 

the   blastodermic  merabraiie,  and   there   couvert-cd   into   blood.      The 

L    tlamnialian  ovum,  however,  from  tlit^  time  it  reaches  the  Ut«rus,  is 
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the  Decidual  mpmbrany  (5  803) ;  and  for  the  uhsorption  of  lliia.  it  is 
iiarticiilwly  adapted  by  the  vUloaities  which  dpvelope  themiH^vea  from 
it*  own  exteniul  envelope.  Tliese,  ot  first  eutirely  destitute  of  blood- 
Ttssel'i-  Ai^  Kubsniueutly  prnetnitcd  at  a  ccrtalu  [tort  of  the  surface,  by 
the  ftetal  capilliiries  brought  to  them  by  an  orgau,  the  Allantoia,  which 
ifl  devolo[icd  iu  Bii'da  as  the  tenn>orftry  iimtnuneut  of  retLpirstion  ;  and 
thus  ia  origiiiat*;d  the/wt^l  portion  of  the  Placenta,  of  whose  formation 
an  account  will  be  presently  given  (§  1^93).  From  the  time  that  this 
orean  is  completed,  up  to  the  birth  of  the  Infant,  the  embryo  draws  its 
nutrient  mateiTols  direct  from  the  maternal  blood,  though  not  receiving 
that  blood  rM  9'^^  into  its  own  organism;  and  it  ia  through  the  same 
medium  tliab  the  aeration  of  its  own  blood  is  effected,  its  pulmonary 
nppimttu:^  being  as  yet  inoperative.  Its  circulatiug  ^Bt«iu,  ammgod  in 
acct>rdiince  with  these  requirements,  presents  many  peeuliarities  which 
niark  ita  fcetal  cliaracter;  and  the  alteration  in  thi^  coui-ae  of  the  blood. 
which  takea-plttce  as  soon  as  the  respiratory  organs  come  into  play,  coO' 
stitutea  the  essential  difltreuce  between  inlra-uterine  and  extra-uterine 
life.  If  aa  soinetimes  happens,  the  lungs  of  the  ncw-boru  infant  expand 
but  iuiiierfectly  or  scarfcly  at  all,  the  circulation  continues  to  be  carried 
on,  in  a  greiiter  or  leas  degree,  upon  its  intra-uterine  plan;  and  thiB. 
when  the  placenta  is  no  longer  eapable  of  supplying  tiie  needed  aerktioci. 
is  incompatible  with  the  persiatenoe  of  life. 

887.  Our  knowledge  of  the  tirat  stages  of  the  dovelopmctital  procoM 
iu  the  Manunaltaji  ovum,  is  in  many  respecU  incomplete ;  and  it  i* 
requiaito  to  interpret  what  has  been  oheicurely  neeii  in  the  ova  of  this 
class,  by  the  clearer  views  derive!  from  observation  of  thoee  of  the 
lower  animals.* — As  already  stated  (J  861),  the  germinal  veaide  di»- 
apiicars  at  or  about  the  time  of  fecundation;  but  its  diaappMunnoe  i 
not  a'  result  of  fecundation,  since  it  also  takes-place  m  the  uuir 
nregnnted  egg,  in  consequence  (it  may  be  jiresumed)  of  the  cumpteti 
of  its  term  of  life,  and  of  those  0|M.Tation8  which  it  was  developed 
perform.  Ita  place  is  seen  to  l>e  occujiied,  at  an  early  period  afbr 
feeimdation,  by  a  new  and  peculiar  cell,  the  origin  of  wliich  ia  obwniA 
but  the  destination  of  which  is  most  important;  for  it  is  by  the  'dapli- 
cativc  subdivision'  of  this  cell,  lirst  into  3,  then  into  i,  tlieii  iutn  8,  and 
Ml  on,  and  by  the  metamorphoses  which  its  progeny  undergo,  that  tli» 
whole  embryonic  fabric  is  gmdnally  evolved.  Hunce  this  cell  maj  be 
t«niied  the  cnibryo-celLf  At  the  same  time,  a  peculiar  change  higiu 
to  take  place  in  Uie  yolk,  the  whole  sphere  of  wliich  is  first  nuu-ked-oiit 
by  a  furrow  into  two  hemispheres,  and  is  at  last  completely  divided  by 
the  extension  of  this  fission  to  the  centre;  eath  half  is  again  furrovsii 
and  then  cleft  in  ttie  same  manner,  and  thus  the  entire  yolk  is  btok«a 

*  The  THCWrheB  ol  KuUtker  ("MuMut'b  ArahiT.,"  1B43,  p.  SS)  ud  Btiga  ("Si 
Rvnliit  Strong;  1i  vt  AxuiniJ.,  Ut&B.  Inani;.,"  IHtl)  oa  Ike  ot&  of  £W«na, — IkoMif  Hl 
Neipirt  <"  Philos.  TrHiiniirt.."  1851)  on  Uie  oth  uf  JlalracAia, — ukd  lb«aa  of  Sbdt' 
(■■EDt<rickDlnng«g»o1)li:bI«  'tvn  Hunile-eitii,"  184S)  on  Uic  ara  of  lie  Bitf\,—tm  ■■■( 
tJie  moflt  TAlafthle  ^^liich  wc  nt  prvsont  poritiesB. 

f  The  etiibryir-i^ll  \\tit  ix</l  ^'i-t  \n^a  c]eax\y  madi^'out  in  the  MuamaliMn  <mitt:  bol 
fruni  the  cihiifiiroiity  uf  the  AulM^uont  A]hjtt':Lr:itura  Up  t\f>m  vhjilf  luf  moi  in  Um  vfl^ 
tbe  lower  nnimJitB,  tb«n^  Ir  CTerj'  renena  tv  liclivrc  Uiut  the  funuilioa  uf  Mtlm  a  nMi|iiti 
o^ll,  or  cir  A  nacteiiH  bnTing  tbu  ftune  vsnenluLl  cadovmenl^  U  *  pT^limi^f^fy  f^  Um  ^Iwry 
iif  liio  ;i>lk. 
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Dp  inlo  a  masN  of  eegiacintii  (Fig.  138).      Tbis   '  Bcgniunt«ti<tn'  takes 
place  jjari  pasau  vith  the  multiplication  or  the  eiubiyo-cella,  en«h  of 


vliich  IB  surrounded  by  a  distiBct  portioQ  of  the  yolk ;  and  there  aeetnH 

obability  tLnt  it  ia  detenu iiit^d  by  that  multiplirjitioii,  and  tliat 

I  of  the  [)n.ir  tliiit  Ls  forniml  by  tlio  duplicative  Buhdivision  of  its 

piw7««wor,  draws  acoiind  itai^if  its  jirojii'r  sliaii;  of  the  nutritive  material. 

— The«e  changes  take-placp,  in  tlie  Mjimmnlian  Oriim,  during  ita  transit 

hiiig   the   Fallo]>ian   tube   to   the   uterus;  so   that,   hy   the  time  of  its 

rrivitl   there,  the  whole  cavity  of  the  Zmuj,  pdlucida  is  occupied  by 

Pig.  12B. 


k(nr  "liyf  in  iLp  Sfgii"'^ritri,n  'if  II"'  Y'llb  I't  (be  MiucuiHliAn  Oviini  ;^iit  a  is  ■howii  Ihw 
'HHllwFfT  mua'  fonncd  by  Ibe  oiinult  nuliiliviaiCFn  iff  thp  vit^lbnfi  ajiheree^  «t  h,  b  Turlbn 
|iicr««H«  u*  hrougbL  ib  iurlW«  into  iNmlkct  irith  the  Titellinc  mpmbruif,  n^inffl  nbji'h  ILc 
«|}benite«  tn  lUttnied. 

Btnnte  Bphendes  of  yolk,  each  containing  a  transparent  vesicle,*  the 
ggregiition  of  which  gives  it  a  inulborry-like  aspect  (Fig.  129,  a);  and 
'  a  coutinuAuce  of  the  saiuo  process  of  subdivision,  the  component 

*  II  it  bj  no  roesnn  certain  thuC  this  vesicle  a  a  true  cell  in  the  Munni&lian  omm  (its 
<eeui9  .Tlfarly  t'l  be  in  the  ornm  of  muij  of  tlif  lower  animnl.-i).  'Ha  appoaruin,  when 
pbcrateit  frcm  Lh«  ]'olk-grunuk-H  vliicli  Btirround  it,  being  ratber  tbat  df  a  fal,  or  oll- 
obnla. 
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•e^Tivnta  h(NX>iniiig  more  and  more  minute,  the  mass  oomes  to  p: 
B  finely -granular  aspect  (b). 

888.  At  this  stage,  it  does  not  appeitr  that  the  several  segments  of  tjie 
jrolfc  have, a  distinct  envelo|iing  Tiiembraup;  but  an  envelopte  is  now 
forroeil  around  each  of  them,  converting  it  into  a  cell,  of  which  tha 
included  vesicle  constitutes  the  aucleus,  and  of  which  the  portion  of  the 

I  yolk  suiTOiuiding  (his   forms  the  contents.     This   hiip]>ena   first  to  the 
(peripheral   portions  of  the   maan;  and  an   its  cells  are  fully  devclopnl, 
I  they   armiige    themaelvea   at    tlio   surface   of   the  yolk    into  a  kind  of 
jmemhi-iine,   and  at  the  same  time  assume  a  ]>entagona]  or  bexngooal 
[Bhnp<!  from    mutual    pressure,   so    as   to  resemble  pavemeut-«pitheliuni 
f  (Plate  I.,  Fig.  5).     As  the  globiihir  masses  of  the  interior  are  gradually 
[■converted  into  cells,   thoy    also  pass  to    the   surface   and  aocnmolate 
[there,  thus  increasing  the  thickness  of  the  membrane  already  formed  hy 
[ibe  more  superficial  layer  of  cells,  while  the  central  part  of  the  mats 
remains  occupied  only  by  »  clear  fluiil     By  this  means  the  cxtwor  of 
the  yolk  is  S|)eedi1y  convert«d  into  a  kind   of  secondary  vesicle,  ^tuat<il 
within  the  Zona    pellucida,   and    named   by   Bisehoff   the  blaatoJermit 
vesicle.      This  vesicle,  very  soon  after   iu  fonnntion,  presents  at  one 
point  an  opaque,  roundish  BjKit  (Plato  I.,  Fig.  6),  which  is  produced  1^ 
an  accumulatioii  of  cells  and  nuclei  of  less  tnLusparcucy  than  elKwhuie; 
thia  is  termed  the  area  germiiia/iva.     The  wall  of  the  vefiicl**,  wliich  i» 
termed  the  germinal  jnem/iranc,  increases   in   extent  and  thickness,  by 
the  formation  of  new  cells  (whose  mode  of  production  lias  not  been 
clearly  made-out) ;  and  it  subdivides  into  two  layers  (Plate  I.,  Fig.  7), 
which,  although  both  at  first  composed  of  cells,  soon  present  distinctive 
ohuraoters,  and  are  concerned  in  very  different  ulterior  operations.     Th« 
outer  one  of  these  is  commonly  known  as  the  serous  layer  (Fig.  8) ;  but 
being  the  one  in  whose  subKtnnce  the  foundation  is   laid  for  tbp  ver- 
tebral ctiluiun  and  the  nervous  Rystenj,  it  is  sometimes  called  the  animal 
layer.     Tlie  inner  one  is  usually  known  as  the  miieotm  layer  (Fig.  0); 
and  being  the  one  chiefly  concerned  in  the  formation  of  the  nutintira 
ap])aratus,   it  is   sonietime.i   called   the   t'ei/etotii'c  laver.       This  divisjun 
ia  at  first  most  evidt'ut  in  the  neighbourhood  of  ihc  area  germiuntiva; 
but  it  soon  extends  from  tliis  point,  and  implicates  nearly  iJie  whole 
of  the  germinal  n)embrane. 

889.  The  Area  t!ei-niinativa  at  its  first  ap|iearanoe  has  a  rounded 
form  ;  but  it  soon  loses  this,  first  becoming  oval,  and  then  ]icar-sliap(d 
(Plato  II.,  Fig.  II).  While  this  change  is  taking-place  in  it,  there  gn- 
dually  appears  in  its  centre  a  eli.'ar  spnoe,  temied  the  nrea  pdlvctila  (a\; 
and  this  is  Iwunded  externally  by  a  mom  opaque  circle  (whose  opitcitT  » 
duo  to  the  greater  accumulation  of  cells  and  nuclei  in  that  part  than  in 
the  area  jiellucida),  which  subsequently  becomes  the  area  vaaetiiogit.  In 
the  formation  of  these  two  spaceB,  both  the  serous  and  the  muoons  layrn 
of  the  germinal  membrane  seem  to  take  their  share;  but  the  foimdali^ia 
of  the  embryonic  structure,  known  as  the  pritnkief  Iraet,  b  laid  in  th« 
soroUB  lamina  only  (Fig.  130).  This  consists  in  aGliallowgroOTo(e),  Ijinf 
K'tweeu  two  rnnsses  (i),  known  as  the  Inminos  (/ortaJrs,  whnar  form 
changes  with  that  of  the  oi-ca  pellucida,  being  at  first  oval,  then  prri- 
form,  and  at  lost  becoming  guitar-!;ha]>ed ;  tliey  also  rise  more  uid  man 
fi'oni  the  surface  of  the  area  pellucida,  so  as  to  fonii  two  ridg«s  of  hj^wr 
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e!i>  villi  I  m,  with  a  deeper  s;i"oove  lH?tweeii  theiii;  nud  tlic  BuniDiits  of  tliciw 
riilgva  Wnil  to  aiijjroocb  I'aoii  other,  and  giiidually  unite,  so  aa  to  convert 
U«!  gr()OTe  into  a  tulie.  At  tlie  saim-  time,  llie  anterior  portioii  of  tba 
groDVi:  dilutes  into  tlu'ee  n-cesses  or  vesicles  (Plate  11.,  Fig.  12,  6),  which 
illdicnte  diu  pr'dtiou  of  the  three  principal  divisiuns  of  the  EucopliAlou, 
■ftrl'WiirdB  to  be  developed  as  the  prone neephalon,  tlio  mcseneepAo/oji,  and 
tlin  r/tritrrjifudiiii  (j  SfO!)).  The  most  internal  parta  of  these  laiiiins, 
tioiiiiiliiig  the  liuttom  and  sides  of  the  groove,  iij>|5eur  to  fiimish  the  rudi- 
Rieiiti?  of  the  n^i-voug  feulres  which  this  ernmo-vertehra]  canal  is  to 
coulnin ;  whilst  the  outer  parts  (ire  developed  into  the  ruilijnents  of  tlio 
v«-ti.'bral  coliuuu  and  cniniiim.  Even  liefure  the  Inminte  doraalefi  havo 
cl<«t;(I  over  tlie  primitive  groove,  ji  few  atjiiure-ahaped  and  at  lirat  iiidia- 
tincl.  p!nt«s  (';).  which  an?  the  rudiiuenta  of  verlebrie,  liegin  to  apjiear  at 
alxiiit  the  middle  of  eaclu  Thu  position  of  the  bodies  of  the  vei-tebrre  ia 
iiidi>-jil<;d  at  this  jwriod,  in  theemhryocaof  Binbsnd  Fishes,  byadiatinot 
oyliniiricul  rod  of  nucleated  cells,  termed  t\i6  vAorita  JwMtlin ;  and  this 
n-taiiis  its  embryonic  type  in  the  Myxinoid  Fishea  (§  DOC).  While  this 
in  guilig-on,  on  aceuinulation  of  cells  tokea-pluee  between  the  two  htminte 
of  ilie  germinal  membrane  at  the  '  area  vasculosii;'  and  these  oelJs  speedily 
Ibnii  thoinselvts  into  a  dibtinot  layer,  the  vagctilar  Uiimna,  in  which  the 
first  hlood-vi-.'weJa  of  th*i  embryo  are  developed,  as  will  be  presently 
deecrilfcd  ($  8'JO).  From  the  dorsal  lamina  on  either  aide,  a  prolougatiou 
jauwit^  ontwardtt  and  then  downwartls,  ferming  what  is  known  as  the 
viUriil  I'liniiut;  in  this  are  de\'e loped  the  ribs  and  the  transverse  prneesaes 
of  till'  veitebne;  and  the  two  have  the  same  tendency  to  mei't  on  the 
UK-Jiaa  line,  and  thus  to  close-in  the  abdominal  cavtiy.  which  the  doi-iuil 
laBiinie  have  t/i  enclose  the  spinal  cord.  At  the  same  time,  the  layers  of 
the  gemiiniil  membrane  which  lie  beyond  the  extremities  of  the  embryo, 
an  fblded-in,  so  as  to  make  a  dcprossjou  on  the  yolk ;  and  their  folded 
margins  gradually  approach  one  another  under  the  abdomen.  The  lirst 
rudiment  of  the  Intestinal  canal  presents  itself  as  a  channel  along  the 
itn<ler  surface  of  the  embryonic  mass,  formed  by  the  rising-up  of  the  inner 
layer  of  the  germinal  membrane  into  a  ridge  on  either  side.  The  two 
ridges  gradually  jirch-over  and  meet,  so  as  to  form  a  tube,  which  is  thus 
(ao  to  speak)  pinched-off  from  the  general  vitelline  eac;  and  it  remains  in 
connection  with  this,  by  means  of  an  unclosed  portion,  which  coustitutee 
the  '  vitelline  duct' (Figs.  132,  133,  137), 

H^O.  Whilst  these  new  structures  are  being  produced,  a  very  remark- 
able oliange  ia  taking-place  in  that  part  of  the  serous  lamina  which 
surrounds  the  area  pellucida.  This  riscs-np  on  either  aide  in  two  folds 
(Fig.  131,  il,  e) ;  and  tlieie  gmdnally  approach  one  another  (Fig.  132),  at 
last  meeting  in  the  space  between  the  general  envelope  and  the  embryo, 
And  thus  afl'ording  un  additional  investment  to  the  latter  (Fig.  133 J.  As 
each  fold  contains  two  layers  of  uiembrane,  the  investment  thus  formed 
i»  double;  of  this,  the  outi-r  lamina  mlheren  to  the  geuei'al  euvelojie;  whilst 
the  inner  I'emains  as  a  distinct  aae,  to  which  the  name  of  A  uniivit  is  given. 
This  takes-place  during  the  third  day  in  the  (Jliick ;  the  date  at  which  it 
occurs  in  the  Human  ovum  is  difficidt  to  be  ascertained,  owing  to  the 
aall  numl)er  of  norma!  specimens  which  havo  come  under  oliaervation 
sufficiently  early  stage. — llnring  the  same  period,  a  veiy  important 
avisiou  for  the  future  support  of  the  embryo  liegins  to  be  made,  by  the 

3  u 


OF  mSERATlOU; MBRTOInO  DBVELOPmOn'. 


development  of  Bloml-vt'sselB  ami  tlio  foruiatiuii  of  Blood.    HitUerto, ' 
eiiiVii'yonic  structure  hus  LiHiu  nourished  liy  direct  absorptiou  of  tlie 


Fio.  130. 


FiQ.  131. 


n(.]M. — Plim  of  rarlj  Uteri/iti  Orvm,    Within  (hpfilPToal  rinc.  or  ri..iii  pFllpiHda, 

V^.  131, — Dio^n'uaorOVuiDBL  LLrL'onintcat'nueiiti.hrtLLi-rr'mLariLtadf  th?  Jmnoa--— «.  olu>- 
rioitf  A,  jolk-noj  «,  fabrrQ;  J,iuidr,  fukiliurihwrumUferrinDg.aiMif  fonn  tbtf  ubmcfu- 

mealuy  mftterials  supplied  to  it  by  the  yolk  ;  but  its  incrco.=iiig  hiz*'.  auA 
Uke  necessity  fur  a  more  free  t'oiiiiiiunicatioii  bctwivii  ite  jniiIjs  them  luiy 
atrwcture  conaiating  of  cells  alone  can  jiei'niit,  call  for  tlip  dL-velopment  of 
veiBt^l^  tLrougt  which  tbe  Diitritions  fluid  miiy  bi'  coiivi-yi'd.  Thujc 
veaitela  ure  first  stien  in  that  jnu-t  of  tliu  Vtksciilar  iHwina  of  tJie  gurtnimJ 
ineinbnme,  wliicli  inimcdintcly  siin-ouiids  tbc  embryo;  and  they  form  n 
network,  bounded  by  a  circular  channel,  wbicli  is  kuowii  under  l.lic  name 
of  the  VuKnlar  Afia  (Plftt<>  11.,  Fig.  13).  Tliis  cr>ni"n"y  extends  iteeiH 
uutil  tho  vcBsela  spread  ovor  the  whole  of  the  membrane  tliat  ooutAius 
the  yolk.  The  first  blootl-disc3  ai>|K>ar  to  be  formed  from  cvrtAiD  oull* 
which  ai-e  Bcl-free  by  the  liqiiefactioii  of  otliors  around  tJicm  to  forio 
vessels  (§  167) ;  aiiJ  from  tLcao,  tile  subsequeut  blood-discs  of  the 
seriiBi  are  probably  j;'-'"ei'ateiL  Tills  network  of  blood-vessels  wrves 
puriKiriea  of  abfiorbii);;  the  nutritious  matter  of  the  yolk,  and  of  con  wri 
it  towards  the  oiubiyonic  Htructnres  which  an-  now  in  process  of 
development.  The  lir.-it  movement  of  the  fluid  is  lini<ardi  the  cmlrtji) 
and  this  caa  W  witnessed  before  anydistiiiet  heart  is  evolved.  Th* 
process  of  abiiorption  from  the  yolk,  and  of eonvcr^jiou  into  blood,  probal 
continues  na  long  as  thure  is  any  alimcutury  material  left  In  tho  sac. 
891.  The  Yolk-sac  is  entirely  aeparatod  in  the  Ulummalia,  by  b 
strictiou  of  the  jmrtiou  which  is  coutiiiuous  with  tbe  alHlomuu  of  tbt 
embryo  (Fig.  13.3,  6);  and  it  Is  known  from  that  tinie  under  the  iiamftof 
the  Umhilicai  VesicU  (Plate  I,  Fig.  1 0,  i).  The  communication,  buwcvtf^, 
remains  o[>en  for  a  time  through  the  '  vltdlllue  duct  ]  and  even  atVr 
has  liecn  cut-off,  the  trunks  which  couuect  the  circulailiig  sTstem  of 
embryo  with  that  of  the  vascular  area  ai'e  dinoerulble;  thesu  are  oJ 
Oiitpluilj-Mctenteric,  Mencruic,  or  Vilelline  veSHcls  (Piga.  134,  135,  7, 
It  was  formerly  believed  that  the  nutrient  matter  of  the  yolk 
directly  through  the  vitelline  duct,  into  tlie  (future)  digestive  curitT  of 
the  embryo,  and  ia  from  It  absorbed  into  lis  structure ;  but  tlicrv  tan 
now  be  little  doubt,  that  the  viteUiiie  vessels  are  the  rcnl  agcntaof  iti 
absorption,   and  that   they  convey   it  tbi-ough  Uie  gL^uvral 
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em,  to  the  tijsues  in  jii-oceea  of  forinstion.     They  correspond,  in  (hot. 

Mesenteric  veins  of  Invertebrfttetl  unimaU,  wbicli  are  the  solo 

in  the  ahsorption  of  nutriment  fi'om  their  digestive  mvity  (Pmxo. 

CoMp.    Puts.,   C!ia|i.    iv.) ;    and    the    bhwtodennic    vesicle   is  to  be 

il<^l  iw  ihn  tenijjoiury  stoiuach  of  the  eoilryo, — remainmg  ae  the 

iiiiiueut  storaiich  iu  the  ItaiUati^d  trit>es.* 

892.  The  fovmntion  of  the  Heart,  wliich  ia  the  first  of  the  permanent 
iiiis  of  tho  Eintiryo  that  eomes  into  fiiuotioual  activity,  takes-place  in 
he  siibstiince  of  the  vascular  layer,  bL'neath  the  upjjor  part  of  the  spinal 
column.      Its  first  rudiment  consists  of  an  nggi-ogation  oi'  coll*',  of  which 
the  interior  breiik  down  to  form  its  cavity,  whilst  the  outer  remoiu  to 
coiistitate  ite  widh.     For  a  long  time  after  it  has  distinctly  comirn-nced 
alsatiug,  and  is  obvioiwly  exerting  a  contractile  fores,  its  walls  obviously 
etain  the  cellular  cliMnicter,  and  otdy  become  muscular  by  a  progressivo 
Biological   tian  a  formation   {Phin-c.  of  Ges.  Phys.).      Tlie  tiret  api>ear- 
■  of  the  Heart  in  the  (.'hicli:  is  at  about  thu  27th  hour ;  the  time  of  its 
formation  in   Mamoialia  lue  not   beeu   distinctly  ascei'tained.     In  its 
Mirlit«t  form,  it  htis  the  same  simple  charooter  which  is  ]>resented  by  the 
centiul  imjielliug  cavity  of  the  lower  Invertebrata ;  being  a  mere  pi'o- 
loDged  ouiul.  which  at  its  posterior  extremity  receives  the  veins,  and  at 
its  Mit^rior  aends-forth   the  arteries.      After  a  short   time,  however,  it 
bscoDiie  lient  upon  itself  (Plate  11.,  Fig,  13,  il);  and  it  is  soon  sulxlivided 
Bto  three  cavities,  which  exist  in   nil  Vertebrata.   rii,  a  simple  auricle 
■  rcoB'vinz  cavity,  a  simple  venlrids  or  propelling  cavity,  and  a  bidliiia 
■  at  the  origin  of  the  aortiu     The  circnbtiou  is  at  tiret  carried-oii 
Jy  upon  the  plan  which  is  permanently  exhibited  by  Fishes.     The 
Aorta  subdivides  on  either  aide  of  the  necic  into  four  or  live  arches  (Figs. 
134,  1 35,  e,  e",  e"),  which  are  sejiaratod  by  lissnres  much  resembling  those 
trrming  the  enti-ances  to  the  gill-cavities  of  Cartilaginous  Fishes;  and 
arebea  re-unit«  to  form  the  descending  aorta,  which  trausmits 
iiee  to  all   parts  of  the  body. — Much  ia  the  lirst  phase  or  aspect  of 
bS "Circulating  Apparatus,  which  is  common  to  all  Vcrlelirala  during  the 
rliest  |)eriod  of  their  development,  and  which  may,  therofore,  be  con- 
sidered as  its  moat  general  form.     It  renmins  permanent  in  the  dass  of 
Fishes;  and  in  them  the  vascular  system  undergoes  further  development 
on  the  same  type,  a  number  of  minute  tufls  being  sent-forth  from  each  of 
the  arches,  which  enter  the  filaments  of  the  gills,  and  are  thus  suliservient 
"  i  the  aeration  of  the  blood.      Iu  higher  Vertebrata,  however,  the  plan  of 

Previonsty  to  the  nintb  day  of  incnbation  tta  the  Fowl's  egg),  a  aerin  of  folds  Ore 
si  b;  the  lining  meuibrane  of  the  jolk-biig,  which  project  into  its  cavity;  theae 
tie  gnuLunllv  deeper  tin>i  more  ^^rowilor],  &a  the  bog  dinimiiihcs  In  niie  by  the  Abmrp- 
tiuo  iif  iv<  eontcDts.  Thi.-  lilcUiue  TCStselH  that  ruuit'j  apou  the  yolk-hng,  senil  into  thew 
ilurialvnii'  coiuiiven1«9|  a  series  of  inoeuulnling  lijiiiis,  u-hith  iiuuieiutdy  indeue 
:  extent  of  this  nbnurbing  nppnrataB.  But  IJiese  minute  vessels  uv  not  ia  iiuiueiliAte 
t  TiLh  the  yolk ;  for  there  iuterreDea  belveen  thorn  (as  was  tiist  noticed  hy  Mr. 
Qplel  a  Uiyer  of  Dutlejiled  etlla,  which  ia  easily  washoci  nwEij.  (See  Dr.  BkI/b 
fttiou  of  "  Miillor'B  PhyBiolugy,"  pp.  1 557-1 56B.1  It  was  from  the  colour  of  these, 
Dioktcd  In  the  tbckI>  !>eneath,  that  Haller  btnned  the  Utter  I'asa  tutiv  ;  wbeu  the 
J  removed,  the  veasehf  jiTeseul  tliejr  uauuJ  colour.  There  qecota  good  reason  to 
I  tbftt  then  ooUs,  like  thoH' of  the  lutesliual  Villi  in  the  adult  (g  121),  aie  the  real 
.Dts  in  the  ptooeu  of  abBoibing  and  luuimtlutin^  tlie  untTitive  matttir  of  the  yolk;  aai 
Eu  they  deliver  this  up  to  the  Teuela,  hy  tbouuelvea  uudergujug  rufitoru  or  diasoluliun, 
;  repUieiJ  by  new  layan. 
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tlie  circQlttfion  ia  iifterwanla  entirely  changed,  as  will  be  presently 
described,  by  t!ie  lorniuljoa  of  new  eavitiea  in  the  hi-art,  anil  by  tbc 
prtxiiiction  of  new  vessels;  it  is  incorrect,  then-forp.  to  speak  of  tli« 
vasculur  arc)ie«  in  t!ieir  necks  as  Ifriiiirhiiil  arcLes,  rince  no  bianchia-  or 
gills  are  ever  (levelo|)etl  from  tbeiu.  'flu?  clefte  lietwocD  tlieiu  may  be 
very  ilistiurtly  Been  iu  the  Human  Fojtus  t-owiinls  tlie  end  of  the  first 
mouth ;  during  the  aeoou*!,  they  usiially  close-iip  imd  disii|i|>ear. 

SO'S.  Witb  the  evoliittoii  of  n  Cireulutiiig  ap|ianktus,  adapted  to  absorb 
nourishment  fi-oui  the  store  prepiired  for  the  use  of  the  Embryo,  aod 
to  convey  it  to  it<i  diUerent  tissues,  it  becomes  necessary  that  a  Rv^pir&tory 
apparatus  should  nlso  be  provided,  for  depiu^ting  the  blood  frora  tW 
carbonic  acid  with  which  it  becomes  charged  during  the  eouree  of  iU 
circulation.  The  temporaiy  Respiratory  npjianitus  now  to  be  described, 
bears  a  strong  reseiublouce  in  ita  own  characUr,  and  especi&Ily  in  its 
vasculur  connections,  to  the  gilla  of  the  Mollusca;  whid)  are  prolonga- 
tiona  of  the  external  surface  (usually  near  the  termination  of  the  inteo- 
tiual  canal),  and  which  almost  invariably  receive  their  vt^scls  frum  th»t 
part  of  the  syFteni.  Tliis  npparatns.  which  is  termed  the  Aliantma, 
Bprouts-forth  from  the  caudal  extremity  of  the  embiyo,  at  first  as  a  little 
mass  of  cells,  wliicli  soon  exhibits  u  cavity  (probiihly  originating  in  the 
liquefaction  of  the  celU  of  the  internal  port),  so  that  a  vodcle  is  furmt?d 
(F^  132,  133,  g),  which  looks  like  a  diverticulum  from  the  lowvr  part 
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Pto.  133. 


Pio.  183. 


Fig.  lilU.— I>iBsnnii  cif  anpariT  If umam  Oraw.  ibowini;  Ttip  JMftfo*  ia  [inv**  oC  fivBAtir*^ 
■ad  Ui«  Mtii-fw  Vh^^DniDgioapppoTr— d,  rhuriHiD  ;  t.  nitihuf  nimi^  HimmiHlc*!  bf  iWti^Mla- 
dmnk  rraielt?  ^  r,  rmhn^i;  'K  '.  tad/,  riiitnaX  iiad  iiiipntti  to\df  ot  die  truyvm  Uyr,  ftfiuf 
Ihv  MtiiDioq  ;  ii.  inrijiii^fil  nHuiiTikJB, 

FifE-  ]X(.— DJjt^nun  of  t  H-'^nt  Oiww  in  ■■«»■]  niinlli,  ftbowin^  Thfrnmpli^lui  of  iW  W* 
itf  thi*  Amiii'm.  o.o\\  ft  flirt bf-r  il^vrTnjimenl  of  tliv  AtlumtoU  r-^^  1,  nmnnth  pnrtmi  nf  afcnfta>  j 
41  3.  TJ]]i>u»  pr>riivn  <>ri<lmri'm  ;  J-.  it.  tlciic*1vd  <iUi,  TtvgiuiiiiA  lo  ooO«l  niin  Plarcnl*;  f,*iut 
line  or  imiti^u.'*]  tr^icU' i  r,  ^ mSi-yo  i /;  »mniiJn  (iiuivr  Uj")  ;  j,  •ll»nU»i»i  4.  oalcr  U^tr  tM 
KriJUDii,  cndnDing  wtih  cbDrioii- 

of  the  digestive  carlty.  Thia  vesicle,  in  Birds,  soon  becomes  »>  large  w 
to  extend  itfit'lf  iLTonnd  the  wbol^  yo!k-sac,  Tntervenine:  betwi**!!  it  and 
the  membrane  nf  the  shell,  ftnd  coming  tbrongh  the  latter  into  rdatioQ 
with  the  external  /tir;  but  in  the  embryo  of  Mamina]i&,  the  nllnjitcafl. 
being  eiirly  ftU|>ersi-ded  by  another  jirovisinn  for  the  aeriLtioii  of  tlie 
blood,  seldom  nttaina  nny  comddei^ble  dimensions-  Its  chief  office  bcrea 
to  convey  tlie  veaaels  of  the  embryo  to  the  chorion ;  and  iU  extent  b<il» 
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pretty  dose  coiTeMpondence  with  tlie  extent  of  gurfiuu',  tliruugli  whiuli 
till-  chorion  comes  into  vusciilftv  connectiou  with  tlie  Jeci'liw.     Thus,  iu 
Ithii  (.'urtiivoi'.i,  who^c  jilaceuta  extenila  likeu  biuid  iiroimil  the  wliule  ovmn, 
Ithe  iJlantois  also  lines  neiu-ly  the  whole  inner  surlitce  of  tho  chorion ;  on 
be  other  haiid,  in  Mnn  and  the  Qiuulruiuftna,  whose  placenta  is  reatricted 
Ito  oue  spot,  the  iiUantois  is  small,  and  conveys  the  faitul  vessels  to  one 
ion  ob1_v  of    the  chorion.      When    these  vessels  linve   renehed   the 
liorioD,  the;  rauiify  in  its  substance,  and  send  filaments  itito  it^  villi ;  mid 
I  proportion  as  these  villi  Ibrm  thnt  eonneetion  with  the  uterine  slrnetiiro 
rhich  bus  heeu  alivady  descriheil  (55  SliG.  ^1)7),  do  the  vesaelii  iuei'iuise 
1  aUK      They  then  [wias  diitJCtly  frniii  the  fwtus  to  the  chorion ;  anil  the 
stoie,  being  uo  longer  of  any  iiae,  slu-ivels-tip,  and  remuins  as  &  minute 
siole,  only   to  bo  detected  by  ciireful    exanii nation,     The   saine   thing 
|>peiis  in  regard  to  the  iimbilical  vcBicle.  irom  which  the  entire  eonteutH 
l^een   by  this  time  withdrawn ;  and  from  henceforth   the  foetus  is 
det«ly  dependent  for  the  mateiials  of  its  growth  iipim  the  .supply  it 
rireis  through  the   Placenta,  whieh  is  conducted  to  It  by  the  vessels 
^  the  umbilicol  cord.     This  state  of  things  is  repi-esented  iu  Figs.  134, 
5,  n  n',  o  o'.^The  Allantois  is  commonly  said   to  give  origin  to  the 
Triuary  Bladder;  but  this  organ  is  really  formed  by  an  enlai^ement  of 
be  upper  part  of  the  uro-genital  aintis  (§  904),  with  which  the  allantois 
oniiJiUDicates  by  a  duct   which  gradually  shrivels,  oiily  a  vej^tige   of  it 
lining  permanent,  to  form  the  Uraehus  or  suspensory  ligament  of  the 
plailder,   by  which  this  is  connected  with  the  umhilioos.     Before  this 
s-place,  however,  the  Allantois  is  the  rocejitacle  for  thu  secretion  of 

■  (Corpora  Wolfliana,  and  also  for  that  of  the  true  Kidneys,  when  they 

■  formed  {§  9(12). 
It  will   he  seen   from  the  aueceeding  diagram,  that  the  Amnion 

\  a  kind  of  tubular  sheath  around  the  umbilieai  cord ;  It  is  contiiiuons 
at  the  unilHliciis  with  the  integument  of  the  foetus;  and  at  the  point 
where  the  coH  enters  the  placenta,  it  ia  reflected  over  its  interniil  or 
frt'tal  Bin'faee.  It  Unw  forms  a  s!iiit  aac,  resembling  that  of  the  pleura, 
aehnoid,  ic. ;  and  It  contains  a  fiiiid,  known  as  the  liqiitir  ainnii,  which 
onaists  of  water  holding  in  solution  a  small  quantity  of  albumen  and 
fcline  nintt*r,  and  resembling,  therefore,  very  diluted  serum.  During 
he  first  two  months  of  gestation,  the  amnion  and  the  inner  lining  of  the 
lioriou  (which  ia  really  the  reflected  layer  of  tho  amnion,  Fig.  133,  A, 
|wt  as  the  lining  of  the  abdominal  cavity  is  formed  by  the  peritoneum) 
separated  by  a  gelatinous-looking  aubstance;  which  probably  aids  in 
the  nutrition  of  the  embryo,  prevlotisly  to  the  formation  of  the  placenta, 
Tbia  isabsorlied  during  the  second  month;  and  the  amnion  ia  then  foimd 
immediately  beneath  the  chorion, — In  the  Umbilical  tJord,  when  it  is 
completely  fonned.  the  following  pai-ts  may  lie  ti'aci-d.  1.  The  tubnlar 
aheath  afforded  by  the  Amnion.  2.  The  Umbilical  Vesicle  (Fig.  134,  (), 
itli  its  pedii'le,  or  vitelline  duct.  3.  The  Vji^a  Omph;do-Mesei-aica  (9,  r). 
'  mesent'^i'ic  vessels  of  the  embryo,  by  which  the  yolk  was  absorbeil  into 
body  :  these  accoinjiany  the  fiediclo.  4.  The  Ui^acliua,  and  remains  of 
Allantois.  5.  The  Vosa  Umbilicalia  (n «,()),  which,  in  the  later 
riod  of  gestation,  constitute  the  chief  |mrt  of  the  Cord.  These  last 
els  consist  in  Man  of  two  arteries  and  one  vein.  The  arteries  ar* 
be  main  branches  of  the  Hypogastric ;  and  they  convey  to  the  placentA 
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the  blood  whicli  has  to  bu  aerated  and  otherwise  revivified,  by  belngl 
brought  into  I'elatioii  with  that  of  the  mother.     The  vein  returns  iliia  to 


Pio,  134- 


FiiT'  lU.— DiiMTVU  oT  the  CJrcoUtwb  In  Ihe  Sumim  Ewhryo  uii]  iU  Ap]i«DdiCfl»,  •*  tovD 
in  prtfllp  ft^iai  thr  right  aidr-,  ni-  Ihi*  oiimiufm^mriir  otiht-  rcrtnAtitm  uStha  Flwvulm. 

Fi^.  V-i&. — 'Hk'  >Jkirii\  at  vyli  fr-iED  llie  fniDl  :^if>  tviuiijii  ninEU,  Tii.YJviUg  nil  (be  BjlMlite 

duhdi^jdiiiir  iniot,  /i',  e".  braauhi^  m'hv*;  f^J"^  drli>nt]  tnialLb  t^imu-d  bv  llirir  AmAonHW; 
y,  o',  lenft  iivfl"fc  iKif*ti<>i":  *,*',  i'onflii!'nivillLp*ujk*Ti"r  aa-i  \nfcri-^r  itx^g^;  J^tmM^mwm 
imrriur  ^  k,  it',  \i*nji  ■iVLtA  infi'rv^r;  m,  (liwi^TiilJiip  Hirtn  ^  n,  ■»  uml-ilii'^J  u-urit^  procvcdiBt 
fnjQi  11;  D^.  f.  iiniliibi^kT  ipiuaj  q^  omplulo-iu^FUlErJir  inn^  r,  ii]i;plii>li^ni«ni1rrir  mitrry. 
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the  fcetua,  and  diuchargea  a.  part  of  it  into  the  Vena  Pottce,  aitd  a  put 
directly  through  the  Ductus  Venosus  into  thu  Vena  Cava.  ^m 

Silo.  A  change  in  the  ty[H<  of  the  Circulating  system  of  the  fmtus,  fnaa  ^U 
that  at  first  iir'tstiitod  by  it  (J  832),  takes-jilHce  at  a  vei-y  early  )ieriod. 
At  about  tlio  4th  week,  in  the  Human  Embryo,  a  Be[)tuni  begins  to  be 
formiid  in  the  ventricle ;  and  by  the  end  of  the  Stii  week,  it  ia  complete. , 
The  septum  aui'iculoruin  ia  foniied  at  ii  somewhat  lat^'r  penoi],  aiid  it  1 
remains  incom|jlete  'luring  the  whole  of  ttetal  lil'e;  it  ia  partly  dcted  bf 
the  valvular  fold  covering  the  foramen  ovale,  which  fnlil  is  ddvdofnd 
ill  the  3rd  month.  Diuiug  the  same  ^xriod,  a  tnuisfonuation  ocenn 
in  the  animgeinent  of  tlie  Ai-terial  trunks  procee"ling  from  tbc  kmrt,  ^J 
which  ends  in  their  aasuinjitiou  of  the  form  they  present  until  tho  imd  cif  ^H 
Foetal  life;  and  this  undergoes  but  a  slight  alteration,  wbem  th«  pUn  iiT^B 
tho  circulation  ia  changed  at  the  moment  of  the  fir^t  iiispiratjoo.  The 
number  of  aortic  arches  on  each  side,  which  was  five  at  first,  won 
becomes  reduced  in  tlie  Mammftlia  to  throe,  by  tlie  ubliterstiou  of  Uw 
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n  highest  pail's.  The  '  bolbua  iiorticuB'  is  subdivided,  by  the  atlhesiua 
ita  wiille  at  o^iposite  jxiintB,  iiito  two  tubes,  of  wliich  oae  becomes  the 
igiu  of  tht-  Aii[-t«  iinil  the  other  thiit  of  tlio  PiilmoiiBay  Artery;  ami 
th«  lliree  pairs  r)t'  (hmiicliia))  arches,  the  highest,  heiiig  connectijii  with 
i«  iwrtic  trunk,  contributes  to  the  t'ormution  of  the  Sulwlaviuu  oiid 
Carotid  urtcries;  wliilst  of  the  midille  jjair,  the  arch  on  the  right  aide  IB 
oblittratiiii,  iittd  the  other  becomea  the  '  arch  of  tlie  aortji.'  The  lowest 
pair  nriscs  from  the  Pulmonnry  trunk,  rind  Ibruis  the  light  and  left 
Pulmoiiiiry  arteries;  that  ou  the  left  sido,  however,  gocs-on  to  join  tho 
descendiug  iiortii  oa  liefore,  and  thus  coaatitntt'a  tlie  Diiotus  Artoriosua, 
— A  knowlnlge  of  these  diffei-eat  Htogea  in  the  development  of  tlio  Heai't 
id  Arterial  s^Ktem  enables  us  to  expluin  many  of  the  mulforinatious 
hioh  they  ocuik:^ionally  prei^ut  in  Muu;  these  being  for  the  most  port 
due  to  nrreat  at  develojimeut,  whereby  the  circulating  ajiparatus  m  per- 
eutly  flied  in  conditions  that  iire  properly  chai-acteiiBtio  of  cold- 
.ooded  aiiiiuala.  And  it  is  interesting  to  remark,  too,  that  tUe  varieties 
which  not  uiifi-equcutly  pi-esent  themselves  in  the  arrangement  of  the 
priticipiil  trunks  (jlveti-otF  from  the  Aorta,  find  their  iinulogucs  in  the 
urT!in;,'emeiits  that  aru  nurmidly  chai'acteristic  of  some  or  other  of  the 
5l:iiiiiuiilia.  {.See  riusc.  OF  Cosip.  Phvs.,  §§  '2Q'2,  203,) 

W9C,  The  Vfiuiiui  system  underfjues  cimng&t  which  are  oven  [nore 
mnrkahle  thiiii  those  of  the  arterioJ  trunks.  In  ite  earliest  condition, 
baa  been  ascertained  by  Rathke*  to  present  essentially  the  some  type 
the  eiubryoes  of  all  Vertebmted  auimals;  the  pecuiiimtieB  of  each 
group  being  acquired  by  a  pr^ieesw  of  auljse'|Ueut  tiiiiisforuialiou.  There 
ia  at  first  a  pair  of  anterior  veiioua  trunks  (Figs.  I3i,  lU5,(/,f;^,  ree*iving 
tbe  blood  from  the  hi^d,  and  a  pair  of  posterior  trunks  {k,  k'),  formed  by 
tlio  confluence  of  the  veins  of  the  trunk,  of  the  Wolllian  bodies,  Ac.;  the 
former  ai-e  persistent  as  tho  jugular  veius;  the  latter  remain  separate  in 
moat  Fishes,  where  they  are  designated  the  cardinal  veins;  but  in  Man 
(od  ill  wanu-btoodod  Veiiebiuta  generally)  they  are  only  represented  by 
the  vcivK  (ixtjijog,  major  and  minor.t  which  coalesce  into  a  couimon  trunk 
for  ft  considerable  part  of  their  length.  One  of  the  auterior  trunks  and 
one  of  the  posterior  uuite  ou  either  side,  to  form  a  canal  which  is  known 
<U  tliu  Ductus  Cuvieri ;  and  the  duct^  of  the  two  aides  coalesue  to  form  a 
short*)r  main  canal,  which  enters  the  auricle,  at  that  time  an  undivided 
ORvitV.  This  common  canal  is  absorbed  iuto  the  auricle  at  au  early 
perioU,  in  all  Vertcbrata  al>ove  Fishes ;  and  after  the  septum  auriculorura 
u  Ibrmed,  the  two  Cuvierian  ducts  separately  cuter  the  right  auricle. 
Tliis  orrangeuient  ia  [Hirsisteut  iu  Birds  and  the  inferior  Mammals,  in 
wliicli  we  find  two  Veuai  Cavse  aujHiriores,  entering  the  right  auricle 
fiepamtely;  but  in  the  liigher  Mammalia  and  in  Man,  the  left  duct  is 
obliterated,  and  the  right  alone  remains  as  the  single  Veua  Cava  superior, 
a  transverse  communicating  branch  being  formed,  to  bring  to  it  the 
ood  of  the  left  Bide.^     The  double  Vena  Cava  sometimes  presents  itself 


*  "  tJeber  Jen  Bim  UDil  ilie  Ent»1oke!ung  den  VonenHyntems  der  Wfirbelthiere,"  1938. 

i-  8e«  Miillar'a  "  VL-ri;lcU'huuUL-  Anjitufluu  der  Mjtiuditleii."  Ui:rlin,  ISIH. 

X  Sm  the  eUburaUr  Mi^m^ir  '  Oq  tbt;  D^vt^lk^pmc^jit  of  tbir  Ureal  ADlirriur  Vcma  iu  Mau 
;  MaiDiniiliA'  t"?liil.  Tnuia.,"  1HSU|,  liy  Mr.  J.  MuraLall ;  who  hns  further  aLuwa  lliat 
Ds  TOtigBB  of  tlis  urigiual  arraniiameiit  may  Le  tntced  eveu  ia  the  uurioal  uuuditiuD  of 
I  veooiu  RTsteia  in  the  adalt. 
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as  ■,  nionMtTOeUy  in  the  Human  sulyect.  As  the  anterior  extremiticfi  ftro 
dereloiied.  the  suboliiviim  vciiiB  nri?  formed  to  return  tiie  bliHid  (roiii 
them  ;  and  these  dist-harge  themselves  int*)  the  jugulars.  Tin-  Oiuphnln 
Mesenteric  vein  (Vig.  134,  7),  wluch  is  another  primitive  tnink  couinioii 
to  »ll  Vertehrsta  (§  81*1),  is  forraf)  by  the  confluence  of  the  vriiis  of  ih-' 
yolk-bug  and  Liteatinul  canal,  and  jiaases  by  ilself,  with  the  two  Ciivierian 
dnctB,  into  the  aiiriclo.  The  upper  jinrt  of  this  remiunB  to  ccpustitn;p 
thu  upper  part  of  tho  Inferior  Cava  (Figs.  134,  Klfl,  j),  the  lower  iHirtion 
of  whioh  arises  between  the  Wolffian  bodies,  and  oripu'J'y  enters  the 
omphalo-niesenteric  vein  above  the  liver.  When  the  liver  is  formeii,  the 
omphalo-mesenteric  vein  becomes  connected  with  it,  both  by  affei-ent  anj 
by  efferent  trunks,  the  former  remaining  as  the  Vena  Portip,  and  ihe 
latter  as  the  HL-jiatic  vein;  and  nilep  giriiig-off  the  former  trunks,  the 
omphalo-mesuTiU'ric  vein  is  itself  oblitnratetl,  so  that  all  the  blood  which 
it  conveys  passes  through  the  liver.  The  Inferior  Cava,  which  reiwivwi 
the  hei>atie  vein,  it*  grudually  enlarged  by  the  reeeptdon  of  niimt  of  the 
veins  from  the  inferior  |jart  of  the  tnink  and  the  lower  eitreniitioa.  nod 
the  vena  azygos  is  r»luceil  in  the  *ame  proportion ;  in  some  rare  CMses  (if 
abnormal  formation,  however,  the  venn  cavii  tails  to  be  developed,  and 
then  the  bltioil  from  the  lower  pai-ts  of  the  body  is  conveyed  to  lie 
superior  cava  through  the  system  of  the  vena  aiygos.  The  ITuibilii'sl 
Vein,which,  like  tht' other  gre-at  venous  trunks,  is  at  first  double  (Figs.  1 34, 
135,  o,  0'),  is  to  be  regarded  as  a  product  of  the  cornbinatioi]  of  the  veins 
of  the  alluntois  with  an  auterior  vein  of  the  abdominal  ji&rietes :  it  )win|; 
probably  through  this  latter  channel  that  it  comes  to  di-^'harge  itself  intu 
the  vena  poi-tje,  which  lies  in  a  part  of  the  liody  very  distant  from  thai 
at  which  the  alluntois  was  developed.  As  the  omplialo'inescnteric  nria 
diminiahess  in  size,  the  umbilical  veins  increase,  and  coaleeoc  into  11 
trunk;  this  then  becomes  the  chief  source  of  supply  to  the  vena 
nlso  forming  an  anastomosis  with  the  interior  cava,  which  constjtutm 
Ductus  Venoena. 

8!t7.  The  following  is  the  course  of  the  Circulation  in  the  mainn 
Fcetns. — The  fluid  brought  from  the  T*lacenta  by  the  umbilical  Teio,  is 
partly  conveyed  at  oucc  to  the  ascending  Cava  by  me«na  of  the  durtns 
venoBus,  but  chiefly  Wows  through  the  vena  portte  into  the  Liver,  whom 
it  reaches  thedsceucliog  Cava  by  the  he[>atic  vein.  Having  thus  tiMB 
transmitted  tlirough  the  great  depurating  organ,  the  Placenta,  and  the 
great  assimilating  organ,  the  Liver,"  it  is  in  the  condition  of  arteriil 
blood  j  but,  being  mixed  in  the  gnat  vessels  with  thiit  which  hu  b«a 
returned  from  the  trunk  and  lower  extremitieti,  it  loses  this  character  m 
some  degree,  by  the  time  that  it  arrives  at  the  Heart.  In  the  li^t 
auricle,  which  it  then  enters,  it  would  be  also  mixed  with  the  * 
blood  brought  thither  by  the  descending  Cava ;  were  it  not  that  a 
curious  iirovision  exbts,  ^^>  prevent  (in  giT-at  degree,  if  not  rntirvly) 
suoh  further  dilution.  The  Eustachian  valve  has  been  iooiid,  by  ihk] 
experiments  of  Dr.  J.    Reid,t  to  serve  the  purpose  of  dincUng  ti« 

*  It  dops  nut  icvm  prubnblc  ihnt  thr.  dcpnratin)!  tictiod  nt  the  Liier  an  In  MMati- 

BppHU'  nttlier  tt<  Ik-  rdurxMu  U-  iU  fnni^tioD  ns  a  hlmni-Buikimg  gluid  H  132). 

+  "  R;linl],  Mod.  will  Surf.  JcioniaJ."  tuI.  iliii,;  ani)    "  Atmt..  rhjiiol.,  tad  IWiiJ 
KdsmkTcljtui,"  Ckiip.  U, 
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rltriat  blood,  which  flows  upwards  ^i*"-  ''*■ 

»iu  tlie  agteruliiig  Cuvn,  through 
ae     foi-aiuen     ovale,    into    the   leji 
1(%  whence   it    pasBca    into   the 
ffputricic;  whilst  it  also  directs 
vnnu>i»  lih>od,  that  has  heeu  m- 
irui'd  hy  the  (kfcemliiuj  Cava,  into 
Jie  rigid  veHtrii;k'.   Wliyn  the  ven- 
I'lea  contraot,  the    arterial    hlood 
shich  th<i  left  contains  is  propelled 
uto  the  nact-iidiag  Aorta,  and  sup- 
plios  tlio  l.>rtiii<-)n«  tliut  prooeeil  to 
Ibe    hviuX    uud     up|>cr   extrctaitiea, 
iforo  it  unJereoeH  any  (idmixture; 
rhilst  of  the  venoiis  blood  contained 
the  right  ventricle,  part  is  trauB- 
litted    by   the  Pulmonary  artery 
the  liingB,  but  another  (and  pro- 
■  by  far  the  lai™er)  part  finds  its 
'  through  the  Ductus  Arterioaua 
the  desceniling  Aorta,  mingling 
ritli  the  arterial  current  which  that 
I  previously  convoyed,  and  jmss- 
thus  to  the  trunk  »ud    lower 
extremities     Hence  the  head  and 
anperior  extremities,  whose  develop- 
ment is  required  to  be  in  advance 
of  that  of  the  lower,  are  supplied 
with  blood  nearly  as  pui-e  as  that 
^^rhich   returns   from  the  placentaj 
^Birhilst  the  rest  of  the  body  receives 
^^   mixture   of  this   with    what    has 
^Bfeviously   circulated    through    the 
^^ystem :  and  of  this  mixture  a  iNir-  ''"■■'i     ,.,,.,  ,.      ,       ^    , 

T  .  .         *  ,  I        *  '"o  umfiilicaj  &runuB.  prLXTpeuiJig  [rum  u\e  pla- 

aon  IS  transmitted  to  the  placenta,  .ymn  (£|.   3.  The  umtLiint  vi^in  iiivi.hiig  mtn 
^HO    ne    renoiatea    oy    commg    into   ,n,-ii«.r,  midoue  (E),  tlw  Jiiom8.™™-,-bii* 

^^fcoiatlOD     with     the     mateiTial      fluid.     Piil<-MTlipi[ilfirioTienfteR\»{ll).  7.  Thep"rtB]  vpin. 

■'  — At  birth,  the  course  ol  the ciu-reut  ing-iiii  ih^nebi  h-nMip  brnm^h.   rt.Ti.eriKii. 

ia  entirely  chane«i  by  the  cessation  •iiriri>'iihpn.unwoniiebi™aiB(i™rt-di.riKfl 

of  the  eirculfltion  through  the  i^!a-  iv.  The  ii-n  .enintifi  ihe  tiioi"i  (.^]il^■tnl^e  ih* 

■  centa.  and  by  the  euormo,.s  increase  llj^^rXr^bVifrlllTbr^vrit'S,^^^^^ 

m   the  oiijvntity  transmitted   to  the  '^  1^*1^  l"'""^  ''"J  npjiet  pnr>.iiiiiic*,    Thr  nmjwn 

^  1  •    \         .    *  I  -  iaindi;i,  rppri'BtfiH  iLc  ri*liirn  "I'lhp  l^lrxni  froiEi 

Ijungs,     whic-ii      tiikea-place     imme-  jt.eK-Hdnia«Ji'pm'Hrmiiu-aihr.>.i^h  thpjuun- 

difltely  on  the  first  inBi.i ration :  the  ""  *d<i  -^t-j-™.  y«ds.  lo  »be  j,ui.fp.cr  t^d. 

Ductus    VeUOSlIB   aud    DuctUR    Arte-    foarvof  tha  urroir  thromrli  lli<^r[f;lLT   vi-nlnHd 

rio«i«  soon  shrivel  into  ligaments;    '^±l''J^:^lt::':Zi:;l:P.r>Vi.r^^. 
ibe  Foramen  Ovale  beoomes  olofled  *»ntinumiiiniDfthei)iiinn.»iiurj'i»rtei7:  tw<>fl«pim 

fc         4  .  J    ti  -         I    i'  ■*   "•"^1  ■i'^*'  ""^  ^'^*  ri^^t  ■U'i  Jp"   pulnioimry 

Ite    valve;     and    tbe    CirCUltltlOIl,     artPriMculpff.    Thed[nrlu*4rM?ftMi.uB  j^iusUw 

d#«cf<ndiTiA  iv>FtA  {VAf  IH).  which  dindeA  mio  thfi 

I  QJATt,  vaA  thMc  jntn  tbt*  niterEiuJ  ilJAfA,  whui'h  becjine  Ihe  umbilioil  uleriPA  (lOf  irnJ  t4-ium 

r  hkwil  «luTi{,'  tiLB  imkbLhcal  t^frA  if  tb?  jilncrntB.  bulI  ibi*  eifi-i-nAL  ilJw  f^O).  vhirb  trr  .johUeiik^I 

oUwIdwmutKRiitwfl.    The  uTOtf»  Hi  tlv  tmaiDAtiaii  of  IheM  TMBflll  «urk  the  rFturb  i>f  the 

l*«om  Mood  hj  ihfl  TBim  10  the  mrphor  o*tft. 


c*!!]^!!^,  c-ObKi^tinif  nf  (br  uTubilifml  Trin  unit 
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which  wiia  Iwfore  carricd-oii  upon  the  pltui  of  tLat  of  the  biglu-r  Rep- 
tiles, now  beiicimea  tlial  of  llie  complete  Bin!  or  ^Inniiuiil.*  It  is  by 
111)  meaua  unl'requent,  bowuver,  foi"  some  arrest  of  development  to  prevent 
the  completion  of  these  clinnges;  and  vai'ioiLS  [ualforiimtious,  iuvolring 
an  imperfect  discharge  of  the  fiinetion,  may  hence  result. 

898.  The  Alimentari/  Caiud  hits  been  shown  (§  889)  ba  have  its  origin 
in  the  blastodermic  vesicle;  being  a  portion  pinched-off  (as  it  were)  ^vm 

that  part  of  it  which  ia  just 
Pia.  137.  bent.'ath  the  spinal  iMlunm 

of  the  embryo,  whilst  the 
remainder,  which  is  at  Chat 
time  the  largest  pai-t  of  it, 
forms  the  vitelline  or  umbi- 
lical vesicle.  In  its  eurlint 
form,  it  is  merely  a  long 
narrow  tube  (Fig.  137,  in), 
imirly  straight,  aud  com- 
muniaiting  with  the  unibi- 
lical  vcsick-  (x.  li)  itt  nbuul 
the  uiddle  of  il«  length; 
thiiH  it  may  Im  ri^giinltxl  u 
com]Kised  of  the  nulon  of 
two  divisions,  on  upper  and 
a  lower.  At  first,  nc-itlier 
mouth  nor  unus exists;  bu( 
these  are  formed  early  in 
the  second  month,  if  iinl 
before.  The  tube  gmdiially 
iiiaaifests  a  distinction  rma 
it:)  Kjiecial  purta,  cBSopha- 
gua,  stomach,  small  intes- 
tine, and  large  int«rtiite; 
and  the  fii-st  change  iu  ib 
position  occurs  in  the  etO' 
moeh,  whii'h,  uriginoUy  dis- 
posed ill  the  line  of  the  body,  afterwards  takes  itii  oblitjut-  direction. 
The  curves  of  the  Isrge  and  sniall  iutestine  present  themselves  at  n  Utff 
jMiriod.  It  is  at  the  lower  part  of  the  small  inUstiue,  near  its  termina- 
tion in  the  large,  tliat  the  entrance  of  the  vitelline  duct  periisla;  and 
a  rumniint  of  tliia  canal  is  not  uufrecjueutly  preserved  throughout  life 
in  the  form  of  a  small  poucji  or  divorticiilimi  from  that  [mrt  of  the 
iutestiau. 


4 
4 

I 


b,!/,   tf^i   r.  iT|  BnlnHimJ   JirHiw,  r^rtmiiiir  thoI'>*i.'r  ji»«  ; 
it,d,  aocimd  viBoArtl  ibnbH;   f,  ri^bf  Qunrlr  ^  f^  ii-n  AiinH<' ^ 

iLn  mikphrJLr-rDeHUii-rii'Tpiu;  f, -iLoinuhi  ■■,  intMiifieif^niTnu- 
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*  It  hsB  b«D  srgui!il  by  Dr.  Pfulco  (o(  Du-tmouth  ColUge,  U.  S.),  thai  thm  sbon 
occouut  tA  incoireiTt,  amsu  tbo  diomt't^r  of  lliu  Duc^tui  ArtcnL>auii  ib  mt  woalj  in  |ii^iii^*^M» 
tu  that  uf  thf  FuliTifinai')' orttfrieb,  timt  tt  cnri  ecrve  uuuthur  purjHise  tlaii  tliftt  of  a  *— ift*" 
pijie'  to  mrry-uff  tba  Haperdiiaua  bliJul  uliinL  tliej  canaut  ivcdTc.  Bat  he  sippnaaa  tb* 
oinuunl  ol  blood  tnuumittod  lht\>ugli  tboM.-  veaeelB  migiecLiTcly,  to  he  rhiedy  ur  eutinlf 
dutiTmined  by  tbi^ir  redptjrlirc  diAiuGturn ;  Lod  IaIeqs  no  ocoouut  of  tlie  iiunifnuui  ^tt 
wbii:b  j-rim  Ibat  Uio  quantity  of  bluud  truuniuittvd  io  the  luugE  Infun  birlb,  u  tjtn^ity 
iiiLoll  ID  prvimrliua  Ui  thai  wbich  tbey  rvcerve  «u  vma  utlie  rajinuirj  fiuuiliini  iif«Ilf 
cHtublished.  Sue  his  '  Ifunagn[ib  ou  tlm  Ficial  Circulation,*  In  *'  Amaricaa  MnJM 
Moatblj,"  Uaj,  l&U. 
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899.  lu  immeiliiite  connootioii  with  the  iutestiiiiil  tube,  wp  ftnil  the 
.first  rudiment  of  thu  Liver,  which  ia  formed  hy  the  thickeuiug  of  the 
in  the  wull  of  the  oana,),  at 
spot  at  whicli  the  hepatic  duct  I'fo-  '38. 

is  subuequontly  to  cliachHrge  iUelf. 
This  thictcDuiug  iucrenees,  ao  as 
to  form  a  jji-ojectioa  upon  the 
exterior  of  the  canal;  ajid  hoou 
afterwards  the  liuing  inembraue 
of  the  intestine  dipa-dowo  into  it, 
BO  that  a  kind  of  ctecum  ia  formed, 
BiiiTounded  by  a  mass  of  cells,  as 
shown  iu  Fig.  138.     The  increase 

of  the  organ   seems  to  take-place      oh^ionf  .h»zi™rfronid«^u,i«ita»i-^,  i„  th. 

by  a  continuoj  new  bidding- forth   pmbTjoof  ihc  FunJ.  un  ihefourrii  dij- urincubatiim; 

tL     11     *.  -.  .   .         1         4-  — «,  bct«rt:  A,  iji(»tiiiDL  f,  ?5*rtaJ  poniod  uiviue 

ot  culls  from  its pen])!ieral  portion ;   aripa  m  liver;  d,  Un-r; .,  pufiiouof  nitiiine  >Mjplf. 

and  n  conaidorHhle  iiiaaa  is  tliua 

forine<l,  before  tho  ca-curn  in  its  intevior  undcrgowi  any  e.tteiision  by  rami- 
fications into  it.  Gradually,  however,  the  c*;l]s  of  the  exterior  betome 
metamorjthoscd  into  fibi-ous  tissue  for  the  iuveHtnieut  of  the  organ ;  tliosa 
of  thu  interior  break-down  into  ducts,  which  are  develope<l  iu  continuity 
the  decum  derived  fj^iin  the  intestine,  and  which  arc  lined  by 
mnacular  and  fibrous  tLieues  developed  from  the  primitive  cellular  blas- 
tema; whiL<t  those  which  occupy  the  intervening  space,  and  which  form 
the  bulk  of  the  gland,  give  origin  to  the  proper  secreting  cells,  which  are 
now  to  coiue  into  active  oijerution.  As  this  is  going-ou,  the  he[)atio  mass 
is  gradually  removed  to  a  diatanpe  from  the  wall  of  the  alimentary  canal ; 
and  the  ea'ouui  is  narrowed  and  lengthened,  so  as  to  become  a,  mere  con- 
necting pedicle,  forniing,  in  fact,  the  main  tnink  of  the  he|)iitic  duct. — 
In  the  Ilutnan  embryo,  the  fonoatioa  of  the  Liver  Iwgiris  at  about  the 
third  week  of  intra-uterine  existence;  the  orgim  ia  from  the  first  of  very 
large  size,  when  compai'ed  with  tliat  of  the  body ;  and  between  the  third 
and  the  fifth  wci^ks,  it  is  one-half  the  weight  of  the  entire  embryo.  It 
is  at  that  period  divided  into  several  lolxa.  By  the  third  lunar  month, 
the  liver  extends  nearly  to  the  pelvis,  and  almost  fills  tbe  abilomen;  the 
right  side  now  begins  to  gain  upon  the  left ;  the  gall-blad<lcr  makes  its  first 
appearance  at  this  time.  The  subsequent  changes  cluefly  consist  in  the 
consolidation  of  the  viscus,  and  the  diminution  of  its  proportional  size.  Up 
to  the  period  of  birth,  however,  the  bulk  of  the  liver,  relatively  to  that 
of  the  entire  body,  is  much  greater  than  in  the  adult ;  the  proportion 
being  aa  1  to  18  or  20  in  the  new-bom  child,  whilst  it  is  about  1  to  36 
in  the  adult ;  and  the  difference  between  the  right  and  left  lobes  is  still 
inconsiderable.  During  the  first  year  of  extra-uterine  life,  however,  a 
great  change  takes  place;  the  right  lobe  increases  a  little  or  remains 
stationary,  whilst  the  left  lobe  undergoes  an  absolute  diminution,  being 
reduc«?d  nearly  one-half;  aud  its,  d'iring  the  same  [leriod,  the  bulk  of  the 
rest  of  the  body  has  l)een  rapidly  incixuvdng,  the  pi-opurtion  is  much  more 
reduced  during  that  [)ctiod,  than  in  any  subs^Mjiicnt  one  of  the  same 
length.  According  to  Meckel,  the  liver  of  the  newly-born  infant  weighs 
one-fourth  heavier  than  that  of  a  child  of  eight  or  ten  months  <;>ld;  and 
as  the  weight  of  the  whole  body  is  more  than  doubled  during  the  same 
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time,  it  \b  nlivitnis  tliat  tlie  change  in  the  prupoiliun  of  tlie  two  mi; 
principully  effected  nt  this  epoph.  Tlie  liver  sceniB  to  be  engaged,  il 
firtnl  life,  in  tliu  (lc'piiratii)n  of  the  blood  (as  appears  from  the  nccumiUa- 
tion  of  jneconlaiii,  wbicli  19  chioHy  altered  bUt^  in  the  intestinBl  canal  at 
birth);  but  nt  the  same  time  tt  is  serving  lut  u  blood- making  orgaa 
(§§  133,  167),  aad  this  is  prabably  its  priuc-i|.iiil  function  before  birth. 

900.  The  genunU  liistory  which  has  juat  been  given  of  the  devdopinent 
of  the  Liver,  seems  eqimlly  applicable  to  the  other  glands  that  are  evolreil 
&om  the  pariete^  of  the  Alimeotfiiy  cunal,  such  as  the  Stdivari/  gtandt 
and  Pancrea»  :  since  they  all  seem  to  commence  in  little  masses  of  <wll«, 
formed  by  an  increafled  development,  at  certain  spots,  of  the  layer  of  blna- 
tenift  which  originally  constitutes  its  wall ;  and  whilst  some  of  these  cells 
give  origin  to  the  proper  vesicles  of  e-ach  gland,  others  form  its  diicbs  and 
tubuli  by  their  deliquescence. — Thu  development  of  the  Spleen  and  of  the 
Siipra- Renal,  Tkynui^,  and  Thyroid  twdics,  has  been  already  describeil 
(5§  143-147). 

901.  The  Lungs  are  also  developed  in  immediate  relation  ivith  thct 
upper  part  of  the  Alimentary  canal,  their  first  rudiments  shootuig-fortb 

as    a   ]Mur   of   bud-Iike    proceaaes 
Pio.  18S.  (Fig  139,  a)  from  its  «»sophag«I 

portion.     These   wei-e   originally 
described   by  Von  Bar  as  hollow, 
and  OS  being  in  reality  divtrtiada 
li'om  the  tube  iteel£  But  most  later 
observers  agree    in  stating  that 
the  bud-like  processes  are  not  at 
first  hollow,  but  are  solid  aggrega- 
tions of  cells,  forined  by  a  mu]ti- 
plication  of  the  cells  constitndng 
the  external  wall  nf  thealiiuenlar)r 
tube,  intci  wliich  its  internal  tame 
M  not  prolonged.  These  gntdually  increase  in  size,  extending  down  wards  h» 
the  Tuultiplioitton  of  their  component  cells  in  that  dii'ection  ;  and  i-ntitir^J 
are  fonned  in  tliem  (probably,  as  in  tlic  preceding  instances,  by  the  deli-  f 
([uescence  or  fusion  of  some  of  the  cells  of  their  interior),  which  nt  firet 
communicate  witli  the  pharynx  by  aeparat*  apertures;  these,  liDVevrr,  . 
coalesce  into  one,  ns  the  clmnncja   are  t^longated  into  tubes,  and  th#  1 
pulmonary  orgiuia  are  removed  to  a  distance  from  their  point  of  exit. — I 
The  firet  apfiearanee  of  the  Lungs,  in  the  Human  embryo,  take«-phice  all 
about  the  Cth  week,  at  wliich  time  they  are  simple  elevations  of  th*  «-' 
temal  layer  of  the  (Mophngeal  wall ;  from  this,  however,  they  are  soon 
removed ;  each  rudimentary  lung  having  its  own  bronchial  tube,  eon- 
nectiug  it  vfith  a  trachea  common  to  both  (Fig.  139,  6).     Tlieir  sur&w 
becomes  studded  with  numerous  little  wart-like  projections,  which  art 
cansed  by  the  formation  of  corresponding  enlargements  of  their  cariir; 
tiiCBe  enlargements  soon  become  jirolonged,  and  dcvelope  corresponding; 
buiHike  enlai^enients  from  their  sides;  and  in  this  manner,  the  forai  of 
the  oi^E:ans  is  gradually  changed,  a   progrcssii-e  inereuse  in   iheir  hulk 
taking-place  from  above  downwni-dB,  in  conserjuence  of  the  extension  of 
the  bronchial  ramificwtions  of  the  single  tube  at  the  apex.     At  the  Bune 
time,  however,  a  corresponding  increase  in  the  amount  of  the  partnchy- j 
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9  tissue  of  the  luug  is  taking-jibe*;  fur  tLis  is  deposited  in  all  tlie 

ices  between  the  broticliinl  rHiuificjitions,  uud  might  be  com[«ireJ 

with  the  Hi>il  Ii11ing-ii[i  the  sjiiLees  mtioiigst  the  rootii  of  a  tree.  It  iii  in 
this  jHii-eiiohyuui  thitt  the  ])uliiiounry  voswels  are  distributed;  and  the 
poi-tion  of  it  which  extends  beyond  tilt:  t<!riiii nations  of  the  bronchial 
tubes,  sueiiia  to  att  aa  the  uidua  for  their  further  extension.  It  ctju  be 
Ciiaily  sliuwii  tliivt,  up  to  a  lato  jteriod  of  the  development  of  the  lungs, 
the  dilated  term  in  alio  us  of  the  bronchi  constitute  the  only  air-cells 
(Fig.  139,  c);  but,  as  already  mentioned,  the  paivnchyma  aubaequentiy 
ha^  additional  cavities  fomied  within  it. — It  is  a  fa«t  of  some  interest,  as 
an  example  of  the  tendency  of  cei-tiiin  diseased  conditions  to  produce  a 
return  to  forms  which  are  natural  to  thefcetal  organism,  or  which  present 
tliemselves  in  other  animiUs,  that  up  to  a  late  ]jeriod  in  the  development 
of  the  Human  embryo,  the  lungs  do  not  nearly  fill  the  cavity  of  the  chest, 
And  the  pleura  of  eacii  side  contains  a  good  deal  of  serous  fluid. 

902,  The  embryologicaJ  development  cif  the  rHnartj  organs  in  Vcr- 
tebrated  animals  is  a  subject  of  ])eouliar  interest;  owing  to  the  corre- 
spondence which  may  bo  trace*!  between  the  transitory  forms  thoy  present 
in  the  liigher  ehisacs,  and  tiniir  permanent  condition  in  the  lower.  In 
this  respect,  there  is  an  evident  analogy  with  the  Respiratory  system. 
The  tirst  aiipearancc  of  anything  resembling  a  Urinary  apparatus  in  the 
Chick,  w  auen  on  the  second-half  of  the  thii'd  day.  The  form  at  that  time 
presented  by  it,  is  that  of  a  long  canal,  extending  ou  each  side  of  the 
spinal  column,  from  the  region  of  the  heai-t,  towards  the  allantois  (Fig. 
I3T,  o,  o);  ou  the  sides  of  this  are  a  series  of  elevations  and  depresaions, 
indicative  of  the  incipient  development  of  cieca. 
On  the  4th  day,  the  Corpora  Wo/^iana,  as  they 
are  then  termed,  are  distinctly  recognized  ax 
composed  of  a  series  of  ciecal  appendagea,  which 
are  attached  along  the  whole  course  of  the  first- 
mentioned  canal,  opening  iiita  its  outer  aide 
(Fig.  140,  «).  On  the  5th  day  these  appendages 
are  convolutei!,  and  the  V)ody  which  they  form 
acquires  increased  breadth  and  thickness;  they 
evidently  then  [xissess  a  secreting  function,  and 
the  fluid  which  they  sejiarate  is  poured  by  their 
lo[|g  straight  canals  {b,b)  into  the  cloaca;  aud  be- 
tween their  comp<JneutBhutBacs,  numbers  of  small 
points  appear,  which  consist  of  little  clusters  of 
convoluted  vessels,  exactly  analogous  tiJ  the  Cor- 
pora Malpighiaua  of  the  tnie  kidney.  These 
bodies  remain  as  the  permanent  urinary  organs 
of  Fishes;   but  in  the  higher  Vcrtebrata  they 

give  place  to  the  true  Kidneys,  the  development  '^:fTZ"B^,''Zr.l^r;^r, 
of  which  i^mmences  in  the  Chick  about  the  Wi>iffl«n«;  ),.',,  ihi>ir.>icn.(,.r 
6th  day.  These  when  tirst  seen,  are  lobulated '  ,°^,  Jiii.  ^^'  ' '"  '^' 
greyish  niaasea  (c),  which  seem  to  sprout  from 

the  outer  edges  of  the  Wolffian  bodies,  but  which  are  really  independent 
formations,  springing  from  a  muss  of  blastema  behind  them ;  and  as  they 
griidiially  increase  in  size  aud  advance  in  development,  the  Wolffian  bodies 
retrograde ;  so  that  at  the  end  of  fostal  life,  tlie  only  vestige  of  tlicm  is  to 
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^1>Q  found  [IS  u  Hlinink  ruilimfnt,  Mituat«d  (in  the  ainJe)  near  the 
'to  whioii  their  excretory  ducts  serve  as  the  outlets,  l>ecoiiiuig 
'  vMsa  Jeferentia.' — The  liiatoiyof  tlie  dtivelopineut  of  the  Urinary  organs 
in  the  Human  embryo,  seeuL'i  to  correnjiomi  cUisoly  with  the  forgoing. 
The  WollRftU  bodies  begin  to  apjiear  towiu'ils  thti  end  of  the  first  mouth ; 
anil  it  is  in  the  course  of  the  7th  week,  that  the  true  Kidneys  fii'st  prtscnt 
thcmseivua  When  at  their  gi-ejitcst  developmeut,  the  Corpora  Wolffi&ua 
are  the  most  Tuscular  parts  of  the  body  next  to  the  liver;  four  or  five 
branches  from  the  aorta  ore  distributed  to  ench,  and  two  veins  are  retumi<d 
from  each  to  the  vena  cava.  The  up]>er  arteries  and  their  oorreeyioadiug 
veins  are  after wai-ds  converted  into  the  Renal  oreniulgent  vessels;  and  the 
lower  into  the  Sjiemiatic  vosaels.  From  the  beginning  of  tlio  3rd  month,  a 
diminution  takes-place  in  the  size  of  the  Wolffian  bodies,  pari  paatn  with 
the  increase  of  the  Kidneys ;  and  at  the  time  of  birth,  scarcely  any  tnua 
of  the  former  can  \m  found.  At  the  end  of  the  3rd  month,  the  Kidnqrt 
consist  of  weveu  or  eight  lobes,  the  future  pyramids ;  their  eKcretoi-y  daoU 
atill  terminate  in  the  eauol,  the  aimm  urogenUalis,  which  receives  thOM 
of  the  W<illEiin  l>odiea  (subsequently  to  become  the  vaaa  deHsrcntii),  and 
of  the  Fallojiiau  tubes;*  and  this  opens,  with  the  rectum,  into  a  sort  of 
Cloitcit,  analogous  to  that  which  is  permanent  in  the  oviparous  Vert*- 
brata,  Tlie  Kidneys  are  at  thia  time  covered  by  the  Su]ira-Reual  aip- 
Bules,  which  equal  them  in  aize;  about  the  6th  month,  however,  these 
have  decreased,  whilst  the  kidneys  have  increased,  so  that  thtur  protxx^ 
tional  weight  is  as  1  to  3^.  At  birth,  the  weight  of  the  Kidneys  h  about 
thi-ee  times  that  of  the  Supra-Renal  capsules,  and  they  liear  to  the  whol* 
body  the  proportion  of  1  to  80;  in  the  adult,  however,  they  ore  no  mi 
than  1  to  240.  The  lobulated  api>earance  of  the  kidney  gredually  di»- 
appeaiti ;  partly  in  consequence  of  the  condensation  of  the  areolar  tisM* 
which  connects  its  different  jrartiona,  and  partly  through  the  deveJapmetit 
of  additional  tubiUi  in  the  interstices. — The  Urinary  Bladder  U  formed 
quite  Lndejieudently  of  the  secreting  apparatus,  licing  an  enlai^ement  of 
a  portion  of  the  para  ririnaria  of  the  '  ui-o-genital  sinus'  (§  904). 

!)03,  The  essential  parte  of  the  GeTterative  Ajijiinifiin.  namely  the 
Testes  in  the  male,  and  the  Ovaria  in  the  female,  are  first  developed  in 
such  immediatu  proximity  with  the  Corpora  Wolffiana  (Fig.  l-lO.f,*), 
that  they  have  been  supposed  to  s]>rout-forth  from  them;  this,  however, 
is  not  really  the  cose,  as  they  have  an  independent  origin  in  a  nuM  of 
blastema  j>eculiar  to  themselves.  They  make  their  first  appearance  in 
the  Chick,  as  delicate  striie  on  the  Wolffian  bodies,  al>out  the  fourth  day; 
at  which  [wriod  no  tiitiereace  can  bo  detected  between  the  Testes  and  (he 
Ovaria,  wliich  originate  in  precisely  the  some  manner.  In  the  Haman 
embiyo,  the  rudiments  of  the  sexual  organs, — whether  testes  or  UTuria, — 
first  piiMeut  themselves  soon  after  the  kidneys  make  their  appeaisiun 
that  is,  towards  the  end  of  the  7th  week.    They  are  originally  mndh  pro- 

*  Atthuu^h  it  bu  bt>en  luually  cunniilKreil  that  the  Vbh  DeferBiitiB  ol  tlu  mal*  wmX  ih* 
FaUopian  tubs  of  th<>  femnlt^,  are  faoiaotaguoH  ijrgaus,  yet  tbLs  doea  nal  ■noun  n^Uj  |o  It 
the  case ;  /or  liiu  funpor  nre  deriveJ  fr'im  the  eivrutor;  ducU  of  ihe  WolAan  UJim^ 
whilst  the  latter  ore  iiiiltjHiDiJL'Dt  fdrtjmtioiiK,  vhjoh  are  fomid  U>  <t»-«xi^  ^tb  mi  '  ' 
diu^  nt  an  earl;  pcriml  of  iJi;vi:K>piiitnt,  alike  in  male  and  In  tenuis  mh>j«M. 
Kubtit,  ■■  Dur  Ncbimeiretuck  dc»  Waibos."  Hiudolherg,  1S47.)  Tbe  dgott  of  the  WoL 
bu<liuii,  jillhuiigh  aiihsequuDLly  iliaappvuring  in  tbc  feoia1»i  of  moat  M'^tpbU,  rauain  I 
BUUHUiC  aa  '  liaerluiv's  cuuli  *  io  the  female  Uaminiuita  Bod  Fig, 
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Elonged,  and  seem  to  cansiHt  ofa  kind  of  Mift,  homogoneoOB  blastema,  in 
J  whic;!!  the  structiire  yliaracteriBtic  of  each  organ  BiibKpqoent.ly  develo[)i!s 
itself.  The  Tentin  gradually  asaunies  its  permanent  fomi ;  the  ejiididyniis 
»ppeai-a  in  the  tt'iith  week;  and  the  gulH;miiciiliim  (a  inembniiioiis  ]>ro- 
ccss  from  thu  tllamentoiiR  tissue  of  the  Bcrotuin,  anidogotis  to  tliu  round 
ligament  ari^iug  fruiu  the  labium  and  attached  to  the  o^'aiy  of  tlic-  female), 
which  ia  origiuidly  attiched  to  the  Taa  deferens,  gradually  fixes  itself  to 
the  lowei'  euil  of  the  testis  or  epididymia.  Tbc  Testes  begin  to  diisceud  ut 
about  the  middle  }>eriod  of  pregnancy ;  at  the  Boventh  month  they  reticli 
the  inner  ring ;  in  the  eighth  they  enter  the  passage ;  and  in  the  ninth  they 
usiiaily  deaceud  into  the  scrotum.  The  cause  of  this  descent  is  not  very 
clear ;  it  can  Bcarcely  be  due  merely,  as  some  have  sup|>o9ed,  to  the  con- 
ti'actiou  of  the  gubeinaculum ;  since  that  does  not  contain  any  fibrous 
Btrueturo,  until  after  the  lowering  of  the  testtiS  has  commenced.  It  is 
well  known  that  the  testes  are  not  fUways  found  in  tlie  Bcrotum  at  the 
time  of  birth,  even  at  the  full  perioil.  Ui>ou  an  examination  of  U7  new 
bom  infanta,  Wrisberg  found  both  teatea  in  the  scrotum  in  07,  one  or 
both  ill  the  canal  in  IT,  in  8  one  testis  in  the  abdomen,  and  in  3  Iwth 
tostea  within  the  cavity.  Sometimes  one  or  both  testes  remain  in  the 
abdomen  diu'ing  the  whole  of  life;  but  this  circuiustiuice  does  not  seem 
to  impair  their  fimctioa"  This  condition  is  natuitd,  indeed,  in  the  Ram, 
— The  Ovary  undergoes  much  less  alteration,  either  in  ito  intimate 
structure,  or  in  its  poaitiou.  Its  efferent  canal  (which,  as  just  stated,  is 
nut  the  representative  of  the  vas  deferens  of  the  male)  remains  detached 
from  it,  having  a  free  terminal  aperture,  and  thus  constituting  the  Fal- 
lojiiau  tube.  The  Cteiiis  (which  was  formerly  supposed  to  be  formed  by 
the  coalescence  of  the  Fallopian  tubes),  is  now  known  to  bo  derived,  like 
the  VaijiiuL,  from  the  genital  jKU-tion  of  the  '  uro-genital  sinus'  (J  Uf  4), 
which  iH  lonncd  exactly  ou  the  same  plan  in  both  sexes  tdike,  at  au  early 
period  of  foetal  development,  and  receives  at  its  upper  extremity  the  ter- 
minations of  the  Fidiopiim  tubes.  In  the  Female,  this  canal  increases  in 
aize;  and  a  mai'ked  separation  is  established  between  its  lower  or  vaginal 
jfortion  and  its  upper  or  uterine  jwrtiou.  The  former  opens  into  the 
undivided  portion  of  the  uro-geuital  sinus,  wluch  also  receives  the  termi- 
nations uf  the  ui'ethra  and  of  the  Wolflian  ducts,  and  which  remains 
permanently  unclosed.  In  the  Male,  on  the  other  hand,  the  miiua 
gcnilulis  makes  no  advance  in  development,  and  diniinishes  in  i-elative 
aiie;  so  that  at  the  period  of  fcetal  maturity,  it  ia  only  discoverable  ua 
the  VMicula  pronlalica,  which  has  been  supposed  until  recently  to  be  an 
ajipeudago  to  the  prostate  gland.  A  transverse  constriction  in  this  canal 
marks-out  its  vaginal  from  its  uterine  portion ;  the  former  having  exactly 
the  same  relation  as  in  the  female  to  the  terminations  of  the  urethra  and 
of  the  Wolflian  ducts  (viisa  deferentia)  in  the  '  uro-genital  sinus,'  wliioh 
is  subsequently  closed-iu,  however,  so  as  apparently  to  form  a  continuar 
tiou  uf  the  iiretbral  canal ;  and  t)ie  latter,  in  those  Mammals  whose 
females  have  a  'Uterus  bicornis,'  exhibiting  a  like  divarication  into  two 
hiteral  halves. t 

*  A  law:  tuu  Utalf  occiirn.il  within  tlie  Aatlior'g  liuunli'ilgG.  in  which  both  t«tM 
mnained  in  the  abdirmca  oatiJ  the  teatli  year,  aod  then  dt^Hci^iLdod. 

t  Siw  Prof-  B.  Weber'fa  '*  ZujuLtae  sut  LuLie  Tirtu  Buue  ond  dtn  Verriolitungcu  det 
tJMchlcchtKiguie,"  LuiiKtJg,  lB4ti;  uiU  Dr.  Leuclurt'i  Art.   *  Vcrauola  PnatAtiok'  in 
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90i.  The  history  of  the  development  of  the  e-d^rwU  Orgnns  of  Getm-t 
ration  in  the  two  sexes,  present'!  matter  of  great  interest,  from  the  light] 
wliich  is  thrown  liy  a  kiiowleilge  of  it  upon  thu  niiilformatious  of  thEBel 
organs,  wliicli  are  itmong  the  most  common  of  all  ilepartures  from  thej 
ooi'mal   typi!   of  Human   oi-gauizatiou.— Not  only   tb   the  distinction  ofi 
sexes  altogether  wanting  at  first;  hut  the  coiifoi'iurttiou  of  the  external  ■ 
[tails   of  the  apjianitiis   is   oi'igjnally  the   same  in  Mini  and  the  higher 
Maaiimiilia,  as  it  permanently  is  in  the  OvijBirous  Verlelirata.      For,  abont 
tlie  5th  or  Gth  week  of  emhryunic  life,  the-  opening  of  a  chiarn.  may  be 
seen  externally,  which  receives  the  termination   of  the  intestinal   c^nnl, 
the  uretera,  and  tlie  efferent  ducts  of  the  sexual  organs;  bulatthe  10th 
or  1  Ith  week,  the  onul  aperture  is  acpanit«d  from  tli«t  of  the  geuito- 
uriiinry  canal  or  '  uro-genitiU  ainuH,'  by  the  development  of  a  traiisreno  | 
band;  iind  the  lu'o-geiiilji!  sinus  itself  is  grailuallj  sei>arated  by  a  like  i 
process  of  division,  into  ti  '  [mrs  nrinftria'  and  a  '  jiars  genitalis,'  thu 
former  of  which,  ext«idiug  towai-ds  the  uraclma,  is  converted  into  the  I 
m'inary  bladder.     A  jmrtial  representation  of  this  phase  of  development, 
is  found  in  the  jicrmitnent  eondition  of  the  Struthioua  Biiils  and  of  the 
Impliieental  Mammalia.     The  extermil  opening  of  this  canal  is  soon  ob- 
perved  to  be  hounded  by  two  folds  of  skin,  tlie  riitUmentB  of  the  Inbift 
niajora  in  the  female,  and  of  the  two  halves  of  the  sci-otum  in  the  m&le;j 
whilst  between  and  in  front  of  these,  there  is  formed  an  erectile  bod^, 
surmounted  I>y  a  gland,  and  cleft  or  furrowed  along  its  under  anriaoCL 
This  body  in  the  female  is  retracted  into  the  genito-urinary  eauol.  and 
becomes  the  clitoris,  whilst  the  margina  of  its  furrow  are  oonverted  into 
tlio  nym])hiE  or  labia  minora;  and  these  bound  the  '  atrium  vagine*  or 
'  vestibule,'  which  receives  the  orifices  of  the  nrelhrtt,  of  the  vagina,  and 
of  Gaertner's  canids  when  they  lu-e  present,  and  wliidi  exactly  repnseuti, 
therefore,  the  'ainiis  genitalis'  of  the  early  embryo.      In  the  male,  on 
the  other  hand,  this  siuu.s  la  nearly  closed-in  at  a  very  early  period,  by 
the  adhesion  of  the  two  folds  of  integument  which  bound  it,  forming  Uiat 
portion  of  the  genito-uiinaiy  canal  (improix-rly  termed  the  '  urethn.*)  I 
which  i-eceives  the  oriticea  of  the  vesical  or  true  urethi'a,  of  the  genitel  ■ 
sinus  (vesicula  prostatica),  and  of  the  vaaa  defereutia;  the  erectile  body 
increases  in  prominence,  and  becomes  the  penis;  whilst  the  margins  of 
the  furrow  at  its  under  surface  unite  (at  about  the  14bh  week),  to  form 
the  anterior  continuation   of  the  now-contracted   genito-urinary   euud,  ^m 
whicli  m  commonly  termed  the  spongy  portion  of  thu  urethra.  ^| 

905.  Now  in  a  large  proportion  of  easea  of  60-calle<l  Jleniia/Jimdunii. 
there  has  been  either  a  want  of  completeness  in  the  devehipment,  of  the 
Uale  organs,  so  that  they  present  a  greater  or  leas  degree  of  rescmbbuwe 
to  those  of  the  female;  or  the  developmental  process  h&s  goneK>ii  to  all 
ahuoi'mal  extent  in  tlie  Female  oi^ans,  sutbat  they  come  to  prc««ntaoW- 
tain  degree  of  resemblance  to  those  of  the  male.— One  of  the  most  comuoo 
malformations  of  the  iiuUe  org;ui  in  '  hypospadias,'  or  an  abnormal  upiining 
of  the  urethra  at  tlie  base  of  the  peuui,  arising  from  iucomplctcnfM 
in  the  closure  of    the   edges  of  its    original  fiirrow.      But  wbcn  tlie 

"Cjolop.  of  Anat,  and  Physinl.,"  »nl.  iv. — It  wn?  iU]ipc»«l   l>j  Prof.  Wfbcr.  that  \ii»^M 
lesiculn  prostntim  it  tLo  hi>iuologuu  of  tfas  ulcrui  lUouc  ;  tiut  tlic  Aullior  nuMiilfn  il  M^| 
bnvt  been  mliafsrtorily  i-aial.tisLed  bj  the  raeanhe*  of  Dr.  Lcuckart.  thai  il  •nn«n  1» 
the  ulenui  wict  vaginn  iimjniiiily. 
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BTiJopmentnJ  prtweas  has  been  checked  at  ud  earlier  jieriwl,  tlic  urogenital 

nus  may  reUkin  roore  neiirly  Jta  orif^oJ  cliuractei',  and  uiity  Lave  n  wMo 

tt«rti&l   opeaing  benRuth  the  root  of  the  penja,  so  as  to  r^etuble  the 

mide  vngiao,  whilst  the  ppnis  is  itself  diatitiite  of  anytmceardieurptliral 

Ui»l ;  iu  some  of  these  cases,  a^uiii,  the  testes  have  not  Jew^'iiiled  into 

16  aorotam ;  whilst  the  aWuep  of  beard,  the  shrillness  of  the  voiee,  Rnd 

Umi  fulueea  of   the   niammte.  huvo    coutrihnted  to  impart  a  feminine 

uirai'ttT  to  lhfA3   iiiiii\"iJuiils.  their  male  attribufes,  however,  being 

btcnuiued  by  the  seminiferotis  character  of   the  essential  organs,   the 

I* — In  the  feiiuiU    organs,  un  the   ulher  haud,  a   givater  or   less 

of  resoinbiance  to   those   of  the   male  may  be  produced  by  the 

eulatrgement  of  the  clitoris,  by  ita  furroiving  or  complete  perforation  by 

the  nrctlira,  by  the  closure  of  the  entrance  of  t!ie  vagina  and  the  cohesion 

of  the  labia,  so  as  to  present  a  likeness  to  the  untissnred  [lerineum  and 

acrotum  of  the  male,  by  the  descent  of  the  ovaries  through  the  inguinal 

ring  into  the  position  of  the  male  testis,  and  by  the  imperfect  development 

the   uterus  and    mammae ;     with   the^ie  abnormahties  arc   usually 

roughness  of  the  voice  and   growth  of  hair  on  the  chin,  and  a 

^chical  character  more  or  less  virila — Trve  Hermaphrodism,  in  which 

'  is  an  ahiolute  combination  of  the  essential  male  and  female  organs 

i  tho  same  individual.  \a  comparatively  rare.     It  may  occur  under  the 

of  fiUeral  hermaphrodism,  in  which  there  is  a  genuine  ovnry  on 

ie  and  a  testis  on  the  other,  in  which   cuse  the  external  organs  are 

'  those  of  a  hypoapadic  male;  Iraiutverm  hermaphrodism,  in  which 

external   and  internal  organs  do  not  correspond,  the  former  being 

I  an<l  the  latter  female,  or  me  v:rml; — and  doiilih  or  vertical  herma- 

Jism,   iu   which   the  proper  organs  chamcteristic  of  one  sex   have 

Bted,  with  the   addition  of  some  of  those  of  the  other ;   this  is  the 

at  of  all,  and  it  is  not  certain  that   the  coexistence  of  teiftes   and 

.  on  the  same  side  has  ever  been  observed  in  the  Human  specieaf 

We  have  now  to  follow  the  coui-so  of  tlie  development  of  the 

incipal  Cleans  of  Anijnal  lite;  and  shall  tirstuoticcthat  of  the  SteJelori. 

-We  have  seen  that,  in  the  embryo  of  the  Vtrtebrated  animal,  the 

veitebral  column  is  marked-ont  at    an  earlier  period  1:hftn  any 

other  permanent  organ  (J  SM);  and  that  indications  of  a  division  into 

ebnc  are  very  speetUly  presented  in  the  emln-yo  of  the  higher  ciasaes, 

h«  earliest  fonnation,  however,  ia  one  of  which  we  recognise  no  traces 

I  the  adult  condition  of  Man ;  namely,  a  longitudinal  column,  tapering- 

'  to  a  [■oint  at  the  ci-tinial  and  caudal   extremities  of  the  embryo,  and 

;tipying  the  plac*  of  the  future  bodies  of  the  vert^ibne.     This,  which  is 

aed  the  '  chorda  dorsal  is,'  is  of  gelatinous  consistence,  and  ia  composed 

.  entirclv  of  cells ;  it  is  enclosed  in  a  sheiith,  wliicli  gradually  act]uirea  the 

gtrHcture  of  a  fibrous  membrane,  and  which  also  invests  the  neural  asis 

itself;    and    tliia    condition  is  persistent  in  the  Aniphioxus  and   the 

Njiinoid  FLsbes,  which  have  never  any  other  spinal  column  than  the 
torda  ilorsalis.  The  vertebree  seem  to  be  developed,  in  the  inferior 
*  The  efjttj^ulti  jiroiiaftca  hiu  prervDtei.1  nn  unuAuiJ  dtfoK>pmont  in  florae  <it  Oiesi  coeka  ; 
I  Prof.  W"el«r  (lift  eit.l.  rvud  I'r.jf.  Thsjle'a  'Account  of  a  Cane  of  HjpOBiHuiiM,'  io 
"MnUer-i  Arcliiv.."  1817. 

u f  Od  tfais  anbiect.  aee  Prof.  Simpsan't  Article  '  HerrokphrodisiD '  in  the  "  Cjrclop.  of 

j^^bat.  and  Phn.."  toI.  ii. 
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Vertebrata,  ia  the  fibrous  sheath  of  the  chorda  ilorsalis ;  but  in  Biids  and 
MiHumiila,  the  qiiadrangiilur  platuB  wliich  show  Ihi'mBelvPs  at  a  Tery 
enrly  period  (Plate  II.,  Fig.  12),  appear  to  have  an  iiidopeudent  origin. 
Thiiae  griMliially  increase  in  nuuiber  and  size,  ao  aa  to  surround  the  chorda 
both  above  and  below ;  sending  out,  at  the  same  tiniP,  pi-olongations  from 
the  inferior  aurfaoe,  to  foroi  the  arches  destined  to  euclosf  the  Spinal 
Cord  or  neural  axis,  whioh  are  Uonee  termeil  by  Prof.  Owen  the  neural 
arclies.  In  this  primitive  condition,  the  l">dy  and  ai-ches  of  each  ver- 
tebra ai'e  formed  by  one  piece  on  each  riile;  and  these,  becoming  carti- 
laginous, are  united  infuriorly  by  a  suture,  bo  as  to  eacloae  the  chorda  in  a 
sort  of  case  formed  by  the  bodi<^  of  the  vertehree,  which  are  still  hollow, 
allowing  the  aegments  of  the  chonla,  partially  separated  from  each  other.j 
to  communicate  U^ethert  thla  ooaditioii,  also,  remains  permBluut 
certain  of  the  Cartilaginmia  Fishes.  With  the  concentric  grou-th  of  tl 
bodies  of  the  vertebra;,  however,  the  chorda  dorsalia  gradually  wa 
and  at  lust  disap^tears;  but  previously  to  its  disappearance,  the  ossifica- 
tion of  the  1>odies  and  neural  arches  of  the  vertebra;  begins,  the  former 
from  a  single  point  on  the  median  line,  the  latter  by  BO)tarate  potnta  on 
the  two  sides. 

907.  The  complete  lypieal  nerlebra  (Fig.  HI,  a)  eaacniially  const 
according  to  Prof.  Owen,*  of  the  ceiitriiin,  around  which  are 

Fto.  141. 
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Elraimti  of  •  rrrUhra  tcrotiing  lo  Vtnt.  Ow»di— i,  icTcirJ  lipii^*'  'rrlrln: — „ 

thoricu' imrt™  of  II  Binl  /— I'.ocDlrair.  KirinB-iltJ,  rf,  lbi-<ll«|Jo|ih)™»,  wnA  ii.f.  Ih>t«ni- 
phjvn  I  thp  tti^Lirhl  Mvh.  pnc-UaiiiK  (S(.  hijitii^  i.iird  *.  i*  rMmivil  hj  u.  -.  fl.^  ni-arap'tpitn."*  ami 
mt.tLa  DeurkJ  ■[►inn  ;  Ihi-  bcrinKl  *n'b,  cnr^lfwinff  ihp  G™*'  i.'rn1r«  '^  rhr  cin-Lil>1>oii,  i«  f  m  f 
m  k,  K  tho  ha^ninpoi>tiy4r«,  *nil  t  i,  lh«  lirruin]  ny'mif.  PriPTn  Italb  Ih^  iknAmbbt^  ^i4 
li»miipD[ihv«!>  mBf  iw  |-i=rn.iiirtiip  iTiPipoiihrwu.  ;,  :.  Thr  Lntml  Blchr*.  wliicb  UH  <qit^ 
Ibcvcrlphrd  •rlrnvto  o,  irp  loinplcird  hi  ihp  iil<-ufiir2[>hl«1,H  i  tiwrhi  ■  H*  bcnl  AonK 
Wu^t  Ht  u  (o  form  jiftrt  of  Ibe  Juroia]  artb.  had  ^ip.ofFllw  ilnvrfiu  upDOldatffv^a, 

four  arches  enclosed  by  procesaes  in  connection  with  H:  vit,  snperiorly, 
the  neural  arch,  which  encloses  the  neural  axis,  and  is  fonned  by  a  jnut 

•  Seolii*  "Archetype  Skeleton,"  hw   "Lcatnres  on  CompantiTs  Anumir. 
and  his  "  Dinooaria  on  Uia  Nntnre  of  Llmba." 
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of  '  neurapophyses'  (»»,  »)  and  n  'neural  siiine'  (m  *};  inferiorly  the 
Aeriiial  arch,  which  is  in  like  special  reUtioa  witli  the  ceutrea  of  the 
circnJatioD,  but  may  he  expanded  ai-ound  the  Tisccral  cavity  geuerally, 
Knd  wliich  is  fonnt'd  of  a  pair  of '  haraiapojihysea '  (/i,  A)  and  the  '  hieniol 
ipiiie '  (A  f) ;  aud  two  lateral  arcliea,  encloaing  vaacuUir  Cftnals,  which  are 
liouuded  by  the  '  dinpophysca '  (i/,  il)  aod  the  '  pnnipophysus'  (p.  p),  and 
are  eomploU'il  by  the  '  ]iliiurapopliysea'  yd,  pi).  Of  thii»n  elements,  the 
eentmm  is  the  moat  coastnut ;  anil  next  to  thoae  are  the  neural  aivhea, 
which  we  find  in  every  part  of  the  vertebi-al  colomn  through  which  the 
nenrai  axis  pii.-j3e<i,  anil  which  are  enoiiuously  developed  in  the  cranial 
B«^meDtB.  in  accordance  with  the  high  development  of  their  nervous  maae. 
The  htenial  arche-s  are  often  almost  entirely  deficient,  as  ui  the  cervical 
and  lumbar  vertebne  of  Man  and  the  Mammalia;  but  in  the  dorsal 
vertebne  they  are  very  largely  developed,  and  the  elements  of  the  lateral 
MVibee  are  brought  into  coiinuotion  ivtth  them,  so  as  to  foi'm  the  enclosure 
of  the  visceral  cavity  (Fig.  !11,b).  From  the  pteunipophyses  are  occo- 
uonally  developed  a  pair  of '  diverging  appendiiges '  {a,  a),  which  are  well 
seen  in  the  rite  of  Bii-ds;  aud  these  arc  considered  by  Prof.  Owen  to  be 
le  fundamental  elemeuta  of  the  bones  of  the  'extremities'  or  'limbs,' 
of  the  anterior  extremity  being  the  diverging  appendages  of  the 
ituJ  vertebra  (§  908),  and  those  of  the  posterior  extremity  standing 
same  relation  to  one  of  the  sacral  vertebrie.' — The  extremities 
e  their  first  appearance,  in  all  Vertehnita, as  leaf-like  elevations  from 
the  parieies  of  the  trunk  {Fig.  13",  ly  5,  r  c);  those  peculiarities  of  form 
by  which  tliey  are  adajited  to  specialities  of  function,  being  determinetl 
by  Bubsejjueut  processes  of  development.  Thus  in  the  Human  fietus,  the 
fiiigers  are  at  firat  united  by  the  primitive  blastema,  as  if  webbed  for 
ewimming;  but  this,  as  Prof  Muller  justly  remarks,  is  less  to  be 
regarded  as  an  apriroximation  to  the  form  of  the  extremity  characteriatio 
of  BTjuatic  animals,  tlian  as  the  juiinitive  and  moat  general  form  of  the 
band,  the  individual  parts  of  which  subsequently  become  more  completely 
isolated  in  such  animals;  es  require  to  use  them  separately. 

908.  It  is  in  the  eranial  segments,  that  the  Vertebral  elements 
andei^  their  most  remarkable  transformatious,  the  departure  from  the 
'  archetype '  being  more  complete  in  Man  than  in  any  other  animal ;  so 
that  it  is  only  by  tracing  them  tlu-ough  their  simplest  to  their  most 
complicated  forms  and  arraugementa,  that  the  true  nature  of  the  latter 
can  be  elucidated. — The  numljer  of  the  segments  entering  into  the  akull 
ha8  been  a  subject  of  much  discussion  among  those  who  adopt  the 
ertebral  theory '  of  its  composition :  but  Prof  Owen  agrees  with  Okeu 
he  original  propounder  of  that  theory)  in  fixing  the  number  at  /out, 
hich  corresponds  with  that  of  the  primary  divisions,  succeeding  each 
iher  in  a  linear  series,  that  are  distinctly  marked-oiit  in  the  early 
veiopment  of  the  Encephaloii,  namely  {proceeding  fi-om  behind  for- 
ards),  the  Eponcephalon,  the  Mesencephalon,  the  Prosciicpjihalon,  and 
Bhinencephalon  {^  909) ;  and  also  coi-reaponding  with  the  number  of 
nerves  of  special  sense,  tie  Auditory,  Uustative,  Optic,  and  Oliiictory, 

*  The  beimtiful  chain  of  reasoaing  by  «hi«h  this  poaition  is,  m  the  Anthiir'B  upinion, 
Tcfolabl;  estalilishMl,  is  conUined  in  the  workB  of  rroC  Owen  iilreul;  refeired-M ;  ■ 
likeuh  of  it,  and  of  the  whole  '  VerWbral  Theory,'   will  be  fmnd  in  the  Author"!  "  Prin- 
iplM  ot  Oeneial  PhyaiolnKj." 
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wliich  iaaue  from  this  jiart  of  tlie  ncuml  axis  with  the  same  MglDOnt 
rL'giiiarity  tliat  the  •irdinary  seDaori-motor  neires  do  elsewhere, — Under 
the  guidance  of  the  luieiTing  HgLt  of  Comparative  Anatomy  and  Dt^veloj.- 
RiitDt,  the  coiiipositiou  of  thi.'  Cranial,  p-'i-tion  of  the  skull — consisting  of 
thi!  hoiiifg  and  neurai  arclteg  of  the  four  cranial  vertebne — has  been 
determined  by  Prof  Owen  as  follows,  each  of  the  '  elements '  eniuner&ted 
being  markeil  ua  distiiict,  by  the  separateness  of  ite  Centro  of  Oaaifi- 
cation. 

TASLE  L 
f%injianlun>  qf  t^  Neural  Archa  of  tke  Cranial  Verltbra,  «■  Jfan. 
I.  ErDraiPnAuo  ob  OooiPitiL  Veeiebiu. 

CnUmm,-  Bon-ocdidbtl  portion  uf  the  Oivipitol  bone. 

P       a    hma  •     (  Co»le«ced  into  Uiu  lalenl  or  coridjloi.i  [B)rtioiia  of  the  Ondpitol 

A'eli^ODCra  ■  1      *""■  ""  P'^P^P'iy"™  ^"^  nuirted  bj  tlie  SLikbrouii  ridp 

'   [      gising  HUciinjeut  M  the  rectna  lat«i»lia  muscle. 
JVmroi  Spini;  Proper  Ocdpilnl  Iwae. 

n.  HsaSKCSPnALia  or  Faeietal  Teetbbu. 

Cmlmn;  Bnai -sphenoid,  or  bodj  of  tbs  ponerioror  sphsno-tempanl  pBit  of 

Sphenoid  boac. 
Parapophytrt ;  MnatoiJ  purtion  of  tho  Tempimx]  boftei. 
Neurapaplii/itt :  Ureat  winfjs  ut  SpbenoiJ  bone,  or  AU-Epbenoida. 
Nmral  Spt'nf ;  Puritlal  iMFoea. 

in.  PioiWioirnALio  ok  Frokiai  Veetkbiia. 

Centrum!  Pre-epbeooid,  or  bmlj  uf  Ibe  Ulterior  or  iiiheno-orbilkl  pari  of  tl« 

8pheDoiil  buoe- 
Parapopbyau :  EiUraal  u^gulor  processea  of  FrnnUl  Ume  (tb«  post-ftr^tab  rf 

FiKlies). 
Ntwnp'/phyiei;  Smoil  winge  of  SpheDotd  bone,  or  Orbita-Bphotoid*. 
Neiiral  Sfiiiic;  FronUk]  bone. 

IV.  Reiki; xcEF HA Lta  on  Nasal  Vrhtkbia. 

CtnlmiA:  Tomer. 

NtHrapophjita ;  Osab  pbuu  of  Etbmoid  bane. 

Neural  Spiaf;  Niuul  bones. 

[In  wnneoLion  with  the  foregoing,  «h  ha,n  too  onified  '  mue-okpaalei  f 
Aaditurj  forming  the  potroul  poiijoa  of  the  Tempiisl  bone;  and  tbt  t 
forming  th«  print^ipul  part  uf  the  Ethtuuiil  bone  with  lbs  Torbiuale  luaci.) 

The  mode  in  which  the  bonea  of  the  Face  and  of  some  other  parts  are 
formed  from  the  /uFinal  or  riaceral  arches  of  the  emniftl  Tertebrre,  will  be 
seen  from  the  following  tahlo. 

TABLB   n. 

CompoRlion  of  tit  Himutl  Anha  of  tka  Crmial  Ferfrtm,  •■•  Jf (m. 

I.   EpESCKPnAUO  OR  OCCIPITAI.  Vebtebea. 
Pleur<iiinpJi.i/»ri ,-  ScapuliP. 

iJircrying  Appnidtiyei;  Boneg  of  Ann,  Fore-ann,  and  Band. 
Bamapujihsifi :  t'utaeoid  prareasoB  of  Scapnhe  (Coracnid  Ixniei  of 

VcFtflhrala). 
JTtPmnl  Sjtiuf  ;  Deficient. 

[The  CUviclOB  and  firnl  legment  uf  the  Slwunm,  »hirh  FomplrU  tlie  . 
aich  in  the  Mnmnialia,  are  regarded  b;  Prof.  Owen  as  die  liwiiia[«ph pa  i 
luamal  spine  of  the  Atlaa,  or  higbeit  rerMhn  of  the  tniok.] 


BEVELOPMENT  OF  CHANIOM   AND  ENOEPHALOH. 


Bd3 


I  H.    UBDmpttlUD  OK  FlNIKTlL  ViBTBBU. 

PtntmimjJ-iitri  i  Styliiid  piwessM  of  Temporal  Uine. 
PiMnjifj  A  i-i-cnJti!ifi ;  Uruter  curuun  of  Hjuid  bone,  or  Tbjn)-lij»l». 
/iiTvMitoj'ii^tij,  li«Hecr  (^maa  of  Hjoid  IfQit^^  or  Ce.ratO'b;4lA< 
llimiit  Sjnftt' ;  Body  of  Uyoid  boue^ 

III.  PsonKctPluuc  OH  PnoxiAL  Viuiiaiu. 

Plfirujiupliiiui:  Tymjunio  portion  of  Ttiraiioral  bone. 

/I.Tniaj:r,/ili!/irii'  Aniculflr  jiurti'in  of  Inferior  Mttitiliii. 
JI*riHiil  Syinr ;  DcnUJ  portion  of  Inferior  UiLiiUa. 

BannDicimiLia  oa  Hisu.  Vehtgbila. 
PUu  rnjio/i/i  yia  ■  Palatine  bones. 
Direryin-j  Aj-jieiula'ja:  Pterygoid  and  Malar  bimea,  villi  aqunmuBal  and  ifgo- 

znntic  iHtrtiouB  of  Temporal  bonen^ 
Sirnuipfffiyffg ;  Superior  Maxitlary  boue^. 
Ilieinal  Sfiim;  lutcnnaiillBry  inja-m. 

Iius  we  we  that,  in  the  anterior  aogment,  we  have  the  highest  dsTclop- 
nent  of  the  Visceral  [wrtiou,  co-existing  with  the  lowest  devoio]inient 
'  the  Neural ;  this  last  being  obviously  related  to  the  Gomparatively-lovr 
Bvulopniejit  of  the  gauglionic  miisa  which  it  ia  destined  to  protect. — The 
devetojiiueiit  of  the  soft  parts  of  the  Gxeo  takes-place  in  conformity  with 
thiit  of  the  vei-tebral  segreeots;  these  being  formed  hy  '  viscei'al  arches' 
fhidi  meet  on  the  laedidu  line  (Fig.  137,  c,  dd);  and  the  knowledge  of 
lis  fiict  enables  us  to  esplaln  those  congeuitiU  nialfonnaiions  which 
suit  from  want  of  luiion  of  the  two  halves  on  the  luediaa  plane,  such 
1  cleft-palate  and  liai-e-lip. 

SlI'J.  Within  the  Cntnio-spinal  canal  thus  formed,  the  rudiment  of  the 
ebro-spinal  usis  ia  found,  at  tii-at  under  a  very  different  aspect  from 
I  which  it  subseijuently  presenta,  eape- 
'  06  regai"ds  the  relative  pr()portion 
its  different  segmcnta,  The  Ence- 
alon,  at  about  the  Cth  week,  is  Heeu 
I »  scrie-s  of  vesicles  arranged  iu  a  line 
Pith  each  other  (Fig.  142);  of  which 
those  that  represent  the  Cerebrum  (6) 
ftre  the  smallest,  whilst  that  which  repre- 
sents the  Cerebellum  (<^  ia  the  largest 
The  latter  (or  Kpeni-e.pluihn),  as  in  Fishes, 
is  single,  covering  the  foui-th  ventricle  on 
lie  dorsal  surface  of  the  Medulla  Oblon- 
Anterior  to  this  ia  the  single 
cle  (n)  of  che  Corjiora  Quadrigeniina 
i£e»ettnephtdim),  from  which  the  optic 

partly  arise :  this  has  in  its  interior       „         „  ,      ,        .      .       . 

cavity,  the  ventncle  of  Hvmua,  which    «i..ut  i1.t<*  tircM  :—■',  vw^ip  .if  Corpo™ 

,  per^tent  in  the  adult  Bin!,  though  ohii-  ^.?;;te?;:;■rvii^:^"h' '■iTli'^iiJf:; 

"     i    ID    the  ailult   Mammal.        I tl  front    tf^  vciirlpforCewlWluniiind  MpdnlUOb- 

:  IS  the  vesicle  (e)  of  the  Ihmi  Ven-    f^",.  \_\\,„.  •  •  w-uM  uiiKmiir. 
I  (or  Deul'^neepkalf/i),  which  also  eon- 
lin«  the  Thalami  Optici ;  as  development  proceeds,  this,  like  the  preced- 
,  is  covered  by  the  oulnrged  Uemispheres ;  whilst  its  roof  becomes  cleft 
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aut«riorly  on  the  median  line,  so  as  to  communii-'ate  with  the 
which  they  incluilc.  Still  luort'  anteriorly  (6)  is  tlio  douWe  vnicie  (cw 
ProMitcep/uilon)  which  represents  the  heuuHpheres  of  the  Cerebrum;  this 
has  A  cavity  ou  either  aide,  the  floor  of  which  is  formed  by  the  Corpora 
Striata,  and  which  has  nt  (irat  no  openiug  except  into  the  third  vetitricio; 
the  '  fissure  of  Sylvius'  (which  enaliles  the  meinbi'aues  of  tlie  brain  to  be 
reflected  intti  the  lateral  ventrielos)  being  formed  at  a  later  period,  Tho 
Rliineiiivpbaion  (consisting  of  the  Olfaotive  ganglia)  is  seldom  distinctly 
uiarkeil-out  in  the  early  stage  of  development  of  the  higher  Tertebrata, 
though  very  obvious  in  that  of  Fishes. — Thus  in  the  small  proportion 
which  the  Cerebral  Heiniapherea  bear  to  the  otlier  parts,  in  the  absence  of 
convolutions,  in  the  deficiency  of  couunisaures,  and  in  the  general  simplicity 
of  structure  of  the  whole,  there  is  a  certain  correspondence  between  the 
brain  of  the  Humim  embryo  at  this  jienoil,  and  that  of  a  Fish  ;  but  the 
resemblance  is  much  stronger  between  tlie  faltd  brain  of  the  Fish  Mid 
that  of  the  Uanuual ;  indeed  at  this  eurly  period  of  their  formation,  the 
two  could  scarcely  be  distinguished ;  and  it  is  the  large  amount  of  change 
which  the  latter  undergoes,  as  compared  with  the  former,  that  causes  th« 
wide  dissimilarity  of  their  adult  forms. 

DIO,  At  alxiut  the  12th  week,  we  find  the  Cerebral  Heuitspheni 
much  increased  in  size,  and  archiug-back  over  the  Thalami  and  Corpon 
Quadrigeinina  (Fig.  143);  still,  however,  they  are  destitute  of  ooutoIb- 

Fio.  143. 


I 
I 


BniD  of  ^oiiid*  £4iVyant  tirelflh  in>fk.    A,  HOd  fnnii Iwbind I  k,tiiis  nnrj  fT,< 

vif*wj — fi,  n>riiornquaHlnK4'niiri4i  'hA,  hpTiuHphDTVii;i',rr-»bcIliuu;  r,  DiHlullllubk>ng;HtB;^H>tif 
thBtuRil^K;  g,  fliJuf  of  third  v*'ntrit'le^  i,  olfitcUirr  nprv*. 

tions,  and  are  imperfectly  connected  by  ooramisanres;  and  there  ii  a 
large  cavity  yet  existing  in  the  Cor|)ora  Qumlrigeminft,  which  intiy 
communicat^'s  with  the  Thii-d  Ventricle.  In  all  these  partipulan,  tken 
is  ft  strong  analogy  between  the  condition  of  the  bmiu  of  the  Human 
embiyo  at  tlus  period,  and  that  of  the  Bird. — Up  to  the  end  of  Uw  3rd 
month,  the  Cerebral  Hemispjiores  present  only  the  rudiments  of  anlnwr 
lobes,  and  do  not  pass  beyond  that  grade  of  development  whidi  i«  per- 
manently chai-acteristic  of  the  Marsupial  Tklammalia.  the  Thalami  being 
still  but  incompletely  covered-iu  by  them.  During  the  4th  and  jmrt  of 
the  oth  months,  however,  the  middle  lobes  are  developed  from  thmr 
posterior  aspect,  and  cover  the  Corpora  QH.idi-igeniina ;  and  Uie  postsrior 
lobes,  of  which  there  was  no  previous  rudiment,  siibse<)uently  b^n  to 
sfirout  from  the  back  of  the  middle  lobes,  remaining  separated  from  them. 
however,  by  a,  distinct  fun-ow,  even  in  the  brain  of  the  mature  Itptiu.  taH 
MometiniM  in  that  of  older  [lersons.  Tn  tlicse  and  other  pw-ticul5i& 
there  is  »  very  close  coniMpondeiicp  between  the  pre^raaiv«  il»aie^  dt 
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developmetit  of  tte  Human  Cerebrmu,  and  those  which  we  encounter 
in  the  ascentUng  series  of  Mammal  is.  • 

91 1.  The  ilevelo(<meiit  of  the  two  principal  Organs  of  Sense,  the  Eye 
the  Ear,  haa  hi^en  taade  the  subject  of  carefiil  study  (in  the  Ohiok) 
Mr.  H.  Gray.t — The  di^velopmejit  of  the  i^i/e  commencea  by  a.  pro- 
tsiou  from  the  |)OBterior  jiait  of  tlie  anterjor  cerebnJ  veaicle,  repre- 
aenting  the  'vesicle  of  the  thalami  optici,'  which  is  ftt  tliat  time  hollow; 
the  isirity  of  the  protrusion  is  continuous  with  that  of  the  vesicle 
f,  which  remiiius  as  the  '  third  veutricle,'  This  protrusion  is  lined, 
;i'  the  cerebral  vesicle,  with  granular  matter,  whioh  gradually  becomes 
itiuctly  cellular,  forming  a  layer  of  a  tmly  gunglionio  character;  and 
Itilst  this  change  is  takiug  place,  the  protrusion  increases,  becuuies 
'-sh!i|ied,  and  is  at  last  connected  ouly  by  a  narrow  pedicle  with  the 
ide  from  which  it  sprang.  This  pedicle  closcs-up,  so  na  completely  to 
rate  the  two  cavities;  and  the  one  whiah  has  been  thus  budded -forth 
constitutes  the  rudiment  of  the  eye,  whilst  the  other  goes-on  to  form  the 
ganglionic  bodies  at  the  base  of  the  cei-ebmm,  the  connecting  jiediole 
becoming:  the  optic  nci-ve,  which  connects  the  retina  with  its  ganglionic 
centre.  The  .ipherica!  extremity  of  the  protnision  is  absorbed,  and  the 
retina,  or  veaieulnr  lining,  Ijecomes  attached  to  the  margin  of  the  Icna, 
Lich  is  ill  the  mean  time  developed  in  the  interior  of  the  cavity,  and 
at  first  completely  surrounded  by  the  retina.  The  formation  of  the 
ts  of  the  eye  takes-place  eul.wequently;  the  development  even  of  the 
fibrous  lamina'  uud  of  the  '  membrana  Jacobi'  of  the  Retina  itself, 
lOt  jiroisediiig  until  after  its  cellular  layer  has  been  very  distinctly 
nned.  It  is  a  curious  circumstauce,  and  one  not  very  easy  to  account 
■r,  that  the  development  of  the  Eye  should  commence  from  the  Deuten- 
iphalic  and  not  from  the  Mesencephalic  vesicle ;  as  it  is  in  the  Utter 
t  the  proper  'optic  ganglia'  oi-iginate,  with  which  the  optic  nerves 
ime  at  hiat  to  have  their  princijial  connection,  their  connection  with 
ihe  '  thalami  optici'  being  much  less  close, — The  Aiidiiory  apparatus 
pa  its  origin  in  a  portion  of  the  Epencephalic  vesicle,  which  protrudea 
on  either  side;  its  cavity  at  first  communicating  with  that  of  the  veacle, 
which  remains  pemutncnt  ns  the  '  fourth  ventricle.'  Aa  its  protrusion 
increases,  it  becomes  elongat«d  and  pear-shaped,  and  is  only  coimected 
with  the  centi-al  mass  hy  a  pedicle  whoso  canal  gradually  eloses-up ;  the 
aa«  thus  cut-olf  becomes  the  vestiiiular  cavity,  and  the  ]>ediule  the 
auditory  nerve.  At  first  there  ia  no  vestige  either  of  cochlea,  semicir- 
cular canals,  or  tymjjanic  apparatus;  but  the  sac  presents  the  simple 
character  which  it  permanently  retains  in  the  Cephalopoda  and  the 
lower  Fishes.  Gradually,  however,  the  semicircukr  canals  are  deve- 
lopied,  by  a  contraction  and  folding-in  of  the  walls  of  the  vestibular  sac; 
and  the  cochlea  is  probably  formed  as  an  otlsct  fi-om  it  At  the  same 
time,  the  formation  of  cartilage,  and  subsequently  of  bone,  takes  place 
^around  the  auditory  sac  and  its  prolongations,  forming  the  "  sense-cap- 
e,'  which,  in  the  higher  Vertebrate,  coaleacea  with  the  vertebral 
elements  to  form  the  temporal  bone.  It  ia  very  interestJug  to  remark, 
that  the   membraiwus  labyrinth,  between  the  eighth   and  thirteenth 

Set  an  acconrt  of  the  nhserrstloBS  of  Prof.  Reliius  on  llie  IteTnlupment  of  the  Cere* 
in  tLe  "  Archires  d'Aoalomie  Qiairtin  et  de  Phjualogio,"  IStS. 
Ftiilsenphical  Tnumctious,"  18G0. 
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days  in  the  Chick,  hits  a  structure  almc«t  precisely  similar  ta 
the  retinal  t^iajtsion  of  tilt  same  period ;  consisting,  like  it,  of  h  ■ 
but  very  delicate   tibruus  mesh,  iu  the  s[NiCf»  beln-een  which  are  depo- 
sited !i  qimntity  of  granulur  matter  and  niiniei'ous  uncleati'd  c«lls.  nhilst 
ita  ext-erior   is   coinp<iMed   of  n  dense   muds   iif   nuclei,   almost   preoiselj 
ann.logous  to  the  granular  particlea  vhich  form  a  large  part  of  the  eot 
sulistance  of  the  retijia. 

013.  Of  Sex. — Ahhoagh  Dothing  is  known    of  the  ooaditions 
which  the  differentiation  of  Sex  im)nedia,tely  de)>ends.  yet  thei-e  is  Etmug 
Btutiatical  evidence  that  the  relative  numbers  of  Males  and   Females  u^^y 
in  some  way  infinenced  by  the  relative  agea  of  the  pareuta.  The  foUowing^^ 
tJihle  expressea  the  average  resnita  col!eet«il  by  M.  Rofaoker*  iu  Geiinany,^^ 
and  by  Jlr.  Sadlert  in  Britain ;  between  which  it  will  lie  seen  thnt  there 
is  a  very  striking  general  correspondence,  although  both  were  drawn 
from  a   too-limited  aeries  of  obsen'ations.     The  numbers  indicate   the 
proportion  of  Male  births  to  100  Females,  under  the  several  couditioiu 
mentioned  in  the  tii-st  column : — 


FnlUer  ynoEgcr  llion  Mntlier 

.  Pitlhei  ]kD>l  Miitbur  nr  »|iinl  HgQ 

F&tbEir  older  by  1  to  (j  j«m    , 

„        ,.         flw9.     .     . 

„         8lol8      ,     . 

„        „        IS  anil  more  ■ 


.  n-6 

.  BO'O 

.  124-7 

.  U8-7 

.  aoo-0 


Fntlierjounger  thui  Mother   . 
Pivthtir  nod  Miithrr  of  flqiul  a^ 
Fstbei  older  bj  1  M  6  jemn  . 

.,      .,      atoll    .   . 
,.      ..     iitoia    .   . 

16  uidmarv    . 


S*S 
M-S 
IO»T 
l»-T 
HT-7 
1B8-3 
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From  thw  it  appears,  that  the  more  advanced  age  of  the  Male  jnuvnt 
has  a  very  decideil  influence  in  occasioning  a  pi'cpoiidenuico  iu  the 
number  of  Malt;  iufnots ;  and  this  tullios  with  the  fact,  that  tukiug  th« 
average  of  the  whole  of  Euro[>e,  over  which  (m  a  general  rule)  the  slat* 
and  customs  of  society  bring-about  a  decided  preponderance  of  agt^ 
among  toarried  couples,  on  the  side  of  the  husband,  the  [irojiortion  it 
about  106  males  to  100  females.  This  does  not  hold  good,  however,  ia 
regard  to  ilUffitimate  ofl'spring,  the  jrarents  of  which  may  generally  be 
presumed  to  be  more  nearly  on  aa  equality  in  this  respect ;  and  it 
is  curious  that  the  proportion  of  tbMO  has  averaged  102'5  main  to 
100  females,  in  places  where  the  proportion  of  legitimate  liirths  WM 
105^  miUea  to  100  female.s. — We  ai-e  not  likely  to  obtain  data  equally 
■atisfactory  iu  regard  to  the  influence  of  more  advanced  age  on  the  part 
of  the  Female  parent;  as  a  difference  of  10  or  15  years  on  that  sideia 
not  Ml)  common.  If  it  exist  to  the  same  extent,  it  is  prolnble  that  the  same 
law  would  he  found  to  jii-cvail  in  regitrd  to  Female  children  bom  tmdei' 
such  circu install ces,  as  will  be  stated  (§  Ol  3)  with  respect  to  the  Male; 
— namely,  that  the  mortality  is  greater  during  embryonic  life  and  nrlr 
infiiuoy,  HO  that  the  preponderance  is  I'cduced.  Even  at  birth,  there  ii 
a  ma:iifest  difference  in  the  pliyaieai  conditions  of  infanta  of  diff<nvot 
sexes;  for,  iu  the  average  of  a  large  number,  there  is  a  decided  prepon- 
derance on  the  side  of  tlie  Males,  both  as  to  the  length  and  the  weight 
of  the  body.  And  it  seems  not  improbable  that  thia  diifurviioe  has  > 
decided  hiHuence  upon  the  greater  loss  of  life  in  the  act  of  parturitioii, 
which  occurs  among  Male  infants. 

•  "  AnD*lw  d'Hjrgiinc."  Oct.  1820.  +  "  U«  of  Po|niUtioil."  «>i.  ii.  p.  W3. 
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L  The  Lfttyllt  of  ihe  body  in  fifty  new-lwi-u  iiittiata  of  each  sex,  u 
lined  by  (^uetelpt,*  was  as  follows : — 

Malta.         Vtawitt.      ToUI. 

Pruni  Ifl  lo  17  inohert"  (Prenob)      ....      a  *  B 

„    IT  w  la 8  19  2T 

..  iswiu as         18         4a 

..   i»i.,  20 la  a         20 

„  30  lo  ai 0  1  1 

om  tlieee  oleurviiUoiiH,  the  loeon  und  the  extromefi  of  the  Lengths  of 
I  male  and/enuiU  ruspectively,  were  calcttlatod  to  be, — 

M>1h.  remdo. 

Miniiuuiu      .     .     .     llJincliei,  2  lino*  1  (I  iudiva,  a  lino. 

M«n 18  S  18  H 

Miuiiuum       ...      19  8  20       '         0 

fotw  it  h  Stan  ding  that  the  nuuninmn  is  here  on  the  aide  of  the  Fpinale 
Kthiit  bviiig  an  aocidcntal  result,  which  would  probably  have  ItL-eu  othor- 
riae,  had  a  Im^er  nuiubor  beyn  eumuneil),  the  average  showa  a  diflereuce 
""H  lines  in  favour  of  the  Malp. 

II.  The  i]iL>quality  in  the  Wviijlils  of  the  two  in  even  more  remarkable; 
lie  DhsiimitiuQS  of  M.  Quetclul^  were  made  tijMn  63  male    aiid  5^ 

'  <  infanta. 

IiUJtiit*  itnelUiift  froiB  VhIm.      Fpin«tf«.     ToUj, 

1  to  14  kUog'.i u  1  I 

Uto3 0  1  I 

2  tn2i 8  7  10 

2(U)8 la  14  27 

3  to  3| S8  33  SI 

34  to  4 14  T  31 

4  toll e  8  8 

lie  extremes  and  tnetma  were  oa  follows: — 

Main.  Fnnde*. 

Minimum    .     .     .     S'alldlog.  1-12 

H««i      ....     3'20  a-91 

Maximimi   .     .     .     4-50  ('S6 

III.  The  average  Weight  of  infants  of  both  sexes,  ns  determined  ljy 
tbwe  inquiries,  is  3*05  kilog.  or  (5-77  Iba.;  and  this  corrcsponda  almost 
eicaclly  with  the  statement  of  Chaussier,  whose  oljscrvationa  wei'e  made 
upon  more  than  20,000  infants.  The  mean  obtained  by  him,  williout 
reference  to  diijtinction  of  sex,  was  6'7S  lbs. ;  the  maximum  being 
11-3  lbs.,  and  the  minimum  3'^)bs,||  The  average  in  this  country  is 
probably  rather  higher;  aci;ordiiig  to  Dr.  Joseph  Clarke,^!  whose  in- 
(|uiri<»  were  made  on  liu  nialct  and  60  femfdes.  the  avera^  of  Male 
eliildren  is  7J  lbs,  :  wid  that  of  Fi'uiiiles  G^  lbs.  He  adds  that  cliildren 
which  at  the  full  time  wvigh  less  than  5  lbs.  rarely  thrive ;  l)eing  gene- 
rally  feeble   in   theii'  actions,  and  dying  within  a  short  time.     Several 

"  **Sur  rtlomiDe,"  torn.  ii.  p.  8. 

+  The  Preucli  inch  is  aboiil  one-fifteenth  more  thim  the  Eut;liah. 
!  Op.  cil.  torn.  iL  p.  •16. 

%  The  kiloj^muie  is  equal  U>  3-221liis.  aToInlupois. 

II  Th«e  numbeiH  bnve  beon  erruueoutly  staled  in  nun;  Phjsiulogirftl  vorks ;  oirine  to 
the  diflmrre  between  the  French  and  English  pound  uiit  having  h«u  lUloweil-for. 
Ii  '*  Philowphicol  Tnuuaetioti*,"  rol.  lutvi. 
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instancea  are  on  record,  of  iofiuita  vhoai:  weiglit  at  birth  exceeded  I51b& 
It  appears  that  healthy  females,  living  in  the  country,  and  eugage«l  la 
active  but  not  over- fatiguing  occupalioua,  have  generally  the  largest 
children ;  and  thia  is  what  might  be  expected  &  priori,  from  the  superior 
energy  of  their  nutritive  functions. 

013.  Thei'c  aji|)ear8  to  be,  from  the  first,  a.  difference  in  the  Viairilily 
(or  jirobability  of  life)  of  Male  ami  Female  children ;  for,  ont  of  the  totiU 
number  bom  dead,  there  are  3  Males  to  2  Females:  this  proportico 
gradually  lessens,  however,  during  early  infancy;  being  about  4  to  3 
during  the  first  two  nionths,  and  about  4  to  5  during  the  next  thres 
nioitths;  after  whieh  time  the  deaths  are  nearly  in  proportion  to  tJia 
numbers  of  the  two  sexes  respectively,  until  the  age  of  puberty.  The 
viability  of  the  two  sexes  continues  to  increase  during  childhood;  and 
attains  its  maximum  lK<twecn  the  13th  and  14th  j'eara.  For  a  short 
time  after  this  epoch  has  been  passed,  the  rate  of  mortality  ia  higher  in 
Females  than  in  Males;  but  from  about  the  age  of  18  to  28,  the  mor- 
tality is  much  greater  in  Moles,  being  at  its  maximum  at  '25,  when  the 
viability  is  only  hall'  what  it  ia  at  pulierty.  The  fact  ia  a  very  striking 
one ;  and  shows  most  forcibly  that  the  indulgence  of  the  passions  not 
only  weakens  the  health,  hut  in  a  gi-cat  number  of  instances  is  the 
cause  of  a  very  premature  death.  From  the  age  of  28  to  that  of  .'iO,  the 
mortality  ia  greater  and  the  viability  less  on  the  side  of  the  Female; 
thia  is  what  woidd  be  anticipated  from  the  increased  ri-sk  to  which  she 
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lialile  ilariii;^  the  parturient  jjeriod.     Ailor  the  age  of  50,  the  roor- 

lity  b  IJi-tti'ly  the  some  for  both. — These  fiicU  have  been  expreBsad  by 

mtlt'lft  (Dp,  cil.)  in  a  form  which  brings  thorn  promineutly  before  the 

fti  (Fig.  144).     Tho  relfttive  viability  of  the  Iklale  at  ditfevwit  ages  is 

e|(n«H.*nte<l  by  u  curveJ  lino ;  th«  olevation  of  which  indicates  its  degree, 

"•t  the  rispeotivc  periods  marked  along  the  base  line.      The   dotted  line 

rhirh  follows  a  different  curve,  repreBents  the  vinbility  of  the  Female. 

fitHrtiiJg   from   a,  the  ]>eriod   of  birth,   we  anive  at  the   maximum  of 

riability   tor  both   at  h:  fi-om   this   |K)int,    the    Female  curvo    ateaiiily 

<U«o'uds  towards  n,  at  first  very  rapidly,  but  afterwai'ds  more  gradually; 

rLilst  the  male  curve  does  not  quite  desccud  bo  soon,  but  afterwards 

J.Ib  tniich  lower,  its   minimum  being  c,   which  corresponds  with  the 

of  2-^  years.     It  afterwards  ascends  to  d,  whiuh  ia  the  maximum 

'  TiabiliCy  Bubae<^uently  to  the  age  of  puberty ;  this  point  is  attained  nt 

Hge  of  30  years,  fi-oiu  which  period,  up  to  50,  the  probability  of  life 

iter  in  the  Male  than  in  the  Female.     lu  the  deoliiio  of  life,  there 

,  little  or  no  diffei*encc  for  the  two  sexes. 

Similar  diagrams  ha^'e  been  constnieted  by  Qiiotelot,  to  indicate 

relative  Heights  and  Weights  of  the  two  sexes  at  different  ages 

fig.  145). — In  regard  to  Height  it  may  be   obseri-ed.  that  the   increase 

:  most  rapid  in  the   lirst  year,  and   tliat  it  afterwai'da  diminLdies  gra- 

Uy;  between  the  ages  of  5  anil  10  years,  the  annual   increase  is  very 

The  differonee  between  the  Height  of  the   Male  and  Female, 

_  has  been  already  stated  to  present  itself  at  birth,  continues  to 

increase  during  infancy  and  youth;  it  is  not  very  decided,  however, 

until  about  the  15th  year,  after  whicJi  the  gi'owth  of  the  Female  proceeds 

I  a  much-diminished  rate,  whilst  that  of  the  Male  coctinues  in  nearly  the 

ae  degree,  until  about  the  age  of  1!)  years.     It  appears,  then,  that  the 
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Female  comes  to  her  fiill  develnptnent  in  regard  to  Height,  earlier  tli, 
duos  the  Mule.  It  seems  pr-ilsvlile,  from  the  obseirations  of  QiK^U'lct, 
that  tlie  tiill  Height  of  the  Male  is  not  ftenerally  attained  uutil  the 
of  25  yysrs.  At  about  the  uge  of  30,  l>oth  Male  and  Feriiate  undergo 
dimiinitiiin  of  tlicir  Btature,  which  continues  during  the  lattor  [mrt  of 
lil<^ — The  pi-0|i'irtiouiil  Wri(//it  of  the  two  sexes  at  different  period*. 
eorrespon<la  jiretty  closely  witli  tlieir  heiglit.  Htjtrting  from  birth,  the 
predominimce  then  exhibited  by  the  Main  gradually  increases  during  Ihe 
first  few  years;  but  towards  the  periml  of  pulierty,  the  proportioiud 
weight  of  the  Feiaale  increases ;  and  at  the  age  of  1 2  years,  there  is  in> 
ditfiTencc  between  the  two  aeses  in  this  respect.  The  weight  of  the 
Male,  however,  then  incroiiscs  much  more  rapidly  than  that  of  tWj 
Female,  especially  between  tlie  ages  of  15  and  20  years;  after  the  latt. 
jjeriod,  there  i)*  no  considerable  increase  on  the  side  of  the  Male,  tJ)ong)l< 
his  maximum  in  not  attainetl  until  the  uge  of  40;  and  there  is  an  absoluts 
diminution  on  the  pirt  of  the  Female,  whose  weight  remains  lees  during 
nearly  the  whole  period  of  child-bearing.  After  the  termioatiou  oftho 
ptrturient  ]>eriod,  the  weight  of  tlio  Female  again  undergoes  an  increase, 
and  its  nuixituiini  is  attained  at  alwiit  50.  In  old  age,  the  weight  of 
both  aeses  undergoes  a  diminution  in  nearly  the  same  degree. 
average  Weights  of  the  Male  and  Female  that  have  ntttunetl  tl 
fiiU  development,  are  20  times  those  of  the  new-born  Infants  of  the  two 
sexes  respectively.  The  Heights,  on  the  other  hand,  we  about  3}  limis 
as  great. 

fll5.  The  chief  ditferencea  in  the  Cotislitntion  of  the  two  9cx«^ 
manifest  themselves  during  the  period  when  the  Generative  funcUon 
each  is  in  its  greatest  vigour.  Many  of  these  distinctions  have  been 
already  alluded-to ;  but  there  are  others  of  too  great  importance  to  be 
overlooked;  and  these  chiefly  relate  to  the  Nervous  System  and  its 
functions.  There  is  no  obvioiia  structiind  difference  in  the  Nervooa 
Hystem  of  the  two  sexi»  (putting  aside  the  local  pcculiaritiea  of  ita 
distribution  to  the  organs  of  generation),  save  the  inferior  siru  of  the 
Cerebral  Hemisphei'Ca  in  the  Female.  This  difference,  which  is  not 
observed  in  other  jjarta  of  the  Eneephalon,  ia  rcailily  accounted-for  on 
the  [irinciples  formerly  stated  (§  574),  when  wc  compare  the  psychical 
character  of  Woman  with  that  of  Man;  for  there  can  be  no  doubt  that 
— putting  aside  the  exceptional  cases  which  now  and  then  occur — the 
iiiUUfCliuii  powers  of  Woman  are  infeiior  to  tliose  of  Man.  Her 
intiiitivf  powers  are  certainly  gi'eater  than  his ;  lier  pen»ptions  are 
more  acute,  her  appreLensionB  quicker;  and  she  has  a  reaiarkable  jkibti 
of  interjiretiug  the  feelings  of  othera,  which  gives  to  her,  not  only  • 
much  more  ready  sympathy  with  tliem,  but  that  faolity  in  guiding  , 
lier  actions  so  as  to  be  in  accordance  with  thciii,  which  we  call  lacL 
Tliis  tact  bears  a  close  correspondence  with  the  unamteiotit  nifiijjfui|iB«i 
to  particular  ends,  which  we  see  in  Instinctive  actions.  NotwitlistMiifiiM 
the  superiority  of  her  perc^'ptive  faculties,  lier  capability  of  sii5t«iiwa 
mental  exertion  is  much  less ;  and  though  her  riewa  are  oft«u  |«cuUari' 
distinguished  by  the  clearness  and  decision  which  result  fmm 
strength  of  her  intuitive  sense,  they  are  generally  deficient  in  that  com* 
prchcnsiveuess  which  brings  the  ir/inle  cj»se  to  lie  judged-of,  and  which  i* 
conauqucntly  nuce^ary  for  their  stability.     With  leas  of  volitionai  powtr 
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Man  poBsesBee,  she  hm  the  einotiarml  in  &  muL-b  atronp^r  degree. 

I  «IuoUoiis,  therefore  [n-edominate ;  and  more  frequently  becotue  the 

iing  springs  of  »ction,  than   they  are   in  Man.      By  their  direct  iu- 

n«  upon  the  bodily  framL%  tliey  produce  chnnges  in  the  Organic 

tvtioDS,  which  far  siir^iass  in  degree  anything  of  the  same  kind  that 

■  onlinarily  witness  in  M.-m;  and  they  thus  uot  unfrequently  occasion 

nuiitonia  of  an  anomtdoiis  kind,  which  are  very   pcrjilexiug  to  the 

EruiciLl  prattitiiiuer.  though  very   interL'slirg  to  the  Thy fiio logical  ob- 

ir«r.      But  they  also  act  as  powei'fnl   motives  to  the  Will ;  aiid,  when 

Bgly   called-forth,  produce  a  degree  of  vigour  and  determination, 

licli  is  very  aurjirising  to  those  who  have  usually  seen  the  individual 

adw  a  diifereut  ns]«ct.     But  this  vigour,   being  due  to  the  strong 

ntement  of  the  Feelings,  and  uot  to  any  inherent  -sti'ength  of  Intellect, 

oulj   BUfrtained   during    the   persiatenco  of  the   motive,   and    fails  as 

on  as  this  subsides.      Tlie  feelings  of  Woman,  being  frequently  coJled- 

by  the  occurrences  she  witnesses  around  her.  are  naturally  more 

aterest«d  than  those  of  Man ;  hi*  energy  is  more  concentrated  upon 

lObject;  and  to  this  his  Intellect  is  directed  with  an  earaestneas  thab 

ftvqiiently  either  blunts  his  feeUiigs.  or  carries  them  along  in  the 

ac  channel,  thus  rendering  them  selfish. — ]u  regard  to  the  inferior 

viilopment   of  her   Intellectual  powers,  therefore,  and  to  the  prwlomi- 

tiaiicii  of  the   Instinctive,  Woman  must  be  cnnsiilered  na  ranking  below 

'  I     I ;  but  in  the  superior  purity  and  elevation  of  her  Feelings,  she  is  as 

V  railed  above  him.     Her  whole  cluu'acter,  Psychical  us  well  us 

Uurjwreal,  is  beautifully  adapted  to  Bupjily  wljat  is  ilelieient  in  Man; 

and   to  elevate  and    refine    those   powers,  which  might  otherwise  be 

directed  to  low  and  scliish  objects. 

6, — OJ'  L  acUUion. 

916.  The  new-born  Infant  in  the  Ifuraan  B])ecies,  as  in  the  class  of 
[ammalia  generally,  is  Bupi)lied  with  nourishment  by  a  secretion  elabo- 
Ited  &um  the  blood  of  its  maternal  [mrent,  by  certain  glandular  orgnus 
nowii  as  the  Mamnwry,  The  straetiire  of  these,  which  has  been 
boroughly  investigated  by  Sir  A.Cooper"  and  Mr.  Birkett,t  is  extremely 
aple.  Each  gland  is  composed  of  a  numlier  of  8e[)arftte  glimdules, 
Khich  are  connected  together  by  fibrous  or  f:iscial  tissue,  in  such  a  manner 
.  to  allow  a  ccrl«iu  degree  of  mobility  of  ita  parts,  one  ujion  another, 
liich  may  aceommoiiatc  them  to  the  actions  of  the  Pectoralia  muscle 
hereon  they  are  bound-down  ;  and  the  glandules  are  also  connected  by 
lie  raraifieatioas  of  the  lactiferous  tubes,  which  intermingle  with  one 
ntlier  in  such  a  manner  as  to  destroy  the  aimjilicity  and  uniformity  of 
heir  dii'isious,  although  they  rarely  inosculat*.  The  nminmiUari/  tuhen, 
'  terminal  duets  contained  in  the  nipple,  arc  usually  about  ten  or  twelve 
number;  they  are  straight,  but  of  somew^hat  variable  size;  and  their 
orifices,  which  are  situated  in  the  centre  of  the  nipple,  and  are  usually 
concealwl  by  the  overlappiug  of  its  sides,  are  narrower  than  the  tubes 
tliemsi-Ov.^!.  At  the  base  of  the  nipple,  these  tubes  dilate  iuto  reservoirs, 
rliicU  extend  lieueath  the  areola  and  to  some  distance  iuto  the  gland, 

*  "On  tfaeAoAtomyDribeBreMt,"  1S40. 

+  "  Tlie  Dixeiuea  of  the  Br«uit.  Mid  thrar  TrMtmeM,"  1860. 
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Tben  the  breiist  is  in  a  state  of  lactation.  These  are  much 
many  of  the  lower  Maminalia,  tliaii  they  nru  in  the  Human  ffinale ;  Utcii 
lue  is  to  supply  the  immeUuito  wants  of  the  child  wheu  it  is  lirst  B[ipli«4 
to  the  breast,  so  tliat  it  shall  Dot  he  iJisappointcd,  but  shall  l>e  induced  td 
proceed  with  suckiug  until  the  ■  draught'  be  occasioned  (§  K33),  Fnno 
each  of  theee  reservoirs  commeuci^  five  or  six  braDches  of  the  iactifmv^ 
lilies,  each  of  wliich  speedily  Eubdivides  into  sm&ller  oaea;  and  tlmin 
again  divaric£it«,  until  their  aize  is  very  much  reduced,  and  their  extent 
greatly  inoreaaed  (Fig.  Hti).     These,  Uke  the  reservoiia  and  uainiDiUaiji 
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tubes,  nra  composed  of  a.  fibrous  coat  lined  hy  a  mucons  mcmhtiuM;  ibe, 
latter  is  highly  vascular,  and  forms  a  secretion  of  its  own,  which  MVe- 
timcs  collects  in  considerable  quantity  when  tlie  milk  <xases  to  be  p»- 
duced.  The  smaller  subdivisions  of  tlie  lactiferous  tubes  proceetl  to  dis- 
tinct lobuli  in  each  glandule;  bo  that  when  a  branch  of  a  inamuiiUBfT ' 
tube  has  been  filled  with  injection,  its  attached  lobules,  if  sepanUrd  from 
each  other  by  long  maceration,  are  like  a  hunch  of  fruits  clust<imi  wpoD 
a  stalk  (Pis-  1 47).  When  the  lactiferous  tubes  are  pureued  to  tlicir  mli- 
inah-  distribution,  they  ai-e  found  to  terminate  in  follicles,  whose  slav  in 
full  lactation,  is  that  of  a  hole  pricked  in  paper  by  the  point  nf  a  vttj , 
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ine  pin,  so  tbnt,  wliftti  distended  with  ([uicksilver  or  milk,  they  are  just 
jaiblo  f«  tht»  naked  eye;  at  other  times,  however,  the  folliclea  do  not 
inut  of  Wing  injected,  though  the  laetii'crous  tuhes  may  have  lieen  com- 
ily  fillt^     Tliey  are  lined  hy  a  continuation  of  the  same  merahraiie 
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rith  that  which  lines  the  lincta;  and  this  possesses  a  high  vascularity. 
"lie  arteries  which  supply  the  glajKliiles  with  blood,  hecome  veiy  largu 
luring  lactation;  Bnd  their  divisions  spread  thomselTes  minutely  on  the 
illii-lea.  From  tlie  lilomi  which  they  convey,  the  milk  ia  Recroted  anil 
poiircl  into  the  follicles,  whence  it  flows  into  the  ducts.  The  inner 
furfiioc  of  the  milk-follicles,  in  common  with  other  glandular  structures, 

110  covered  with  a  layer  of  epitholium-celln  (Fig.  1 4S),  as  waa  firgt  ohserved 
by  ProC  Goodair;  and  these,  being  seen  to  contain  milk-globules,  nuiy 
Irithout  doubt  be  regarded  as  the  real  agents  in  the  secreting  process. 
Absorbent  vessels  are  seeu  to  arise  in  large  numbers  in  the  neighbourhood 
(rf  the  follicles;  their  function  appeare  to  be,  to  absorb  the  more  watery 
part  of  the  milk  contained  in  the  follicles  and  tubes,  so  as  to  render  it 
aore  nutrient  than  it  is  when  first  secreted ;  and  also  to  relievo  the  dis- 
BDsion  which  would  w'cnr,  during  the  absence  of  the  child,  from  the  con- 
luance  of  the  secreting  proceBS. 
117.   The  Mammary  gland  may  he  detected  at  an  early  period  of  fojtal 
ace ;  being  easily  distinguishable  from  the  surrounding  parts  by  the 
,  of  its  colour  and  its  high  vascularity,  especially  when  the  whole 
injected.     At  this  period,  it  prosenta  no  differencu  in  the  male  and 
nale;  and  it  is  not  until  near  the  period  of  puberty  that  any  striking 
bange  manifests  itsell',  the  gland  coutinuing  to  grow,  in  the  one  sex  aa 
in  the  other,  in  projiortion  to  the  body  at  large.      At  about  the  age  of 
thirteen   years,  however,  the  enlargement  of  the  gland  commences  in  the 
I     Female :  and  by  sixteen,  it  is  greatly  evolved,  and  some  of  the  lactiferous 
^Btnbes  can  be  injected.     At  about  the  age  of  twenty,  the  gland  attains  its 
^Bull  size  previous  to  lactation;  but  the  milk-follicles  cannot  even  then  he 
injected  fhmi  the  tubes,      lluring  pregnancy,  the  mammse  receive  a 
greatly-increased  quantity  of  blood.    This  determination  often  coinraenceH 
very  early,  and  produces  a  feeling  of  tenderness  and  distension,  which  is  a 
-valuable  sign  (where  it  exists  in  connection  with  others)  of  the  commence- 
oent  of  gestation  (§  t*70).     A  true  lacteal  secretion  usually  commences 
at  the  third  or  fourth  month  of  pregnancj',  and  may  be  obtained  by 
aure  carefully  applied.     This  may  be  turned  to  useful  account,  in 
loaing  ca«es  of  concealed  or  doubtful  pregnancy  from  cases  of  simple 
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BopprcaaiDH  of  the  cfttanienia;  but  it  will  not  nerve  to  distingaisfa  tra»* 
pregnancy  from  apiirioua,  or  from  the  distension  of  the  uterus  by  tuniouTS.* 
The  vtiscularity  of  the  glaod  continues  to  iuci-eiue  dutiiig  pregnancy  ;^h 
and  at  the  time  of  parturition,  its  lobulated  character  can  be  diMtioetly^l 
felt.  Tho  follicles  are  not,  liowover,  develofied  aufficiently  for  injection, 
nntil  lactation  has  commenced.  After  the  cvflsation  of  the  catamenia 
from  age,  no  thdt  pregnancy  is  no  longer  possible,  the  lactiferous  ducts 
continue  open,  hut  the  milk-tbllicles  ai-e  incapable  of  receiving  iajeo- 
tioD-  The  Bubatauue  of  tho  glandules  graitually  disappears,  so  thai  in 
old  age  only  portions  of  tho  ducts  i-einain,  which  are  usuiiUy  loaded  with 
mucus  ^  but  the  place  of  the  glaudulcs  is  comnionlj  tilied-iip  by  adipow 
tissue,  so  that  tho  form  of  the  breast  ia  prcjserved.  Sir  A.  Cooper 
notices  a  curious  change,  wliich  he  sttites  to  be  almost  invariable  with 
age ;  uamcly,  the  ossification  of  the  arteries  of  the  breast,  the  large  trunbi 
as  well  as  the  branches,  bo  that  their  calibre  is  greatly  diminished  orevenj 
obliterated. 

918.  The  Mammary  gland  of  the  Male  is  a  sort  of  miniature  picture  i 
that  of  the  Female,  It  varies  extremely  in  its  magnitude;  being  in  soine^ 
persons  of  the  size  of  a  large  pea ;  wtulst  in  others  it  is  an  inch,  or  ereu 
two  inches,  in  diameter.  In  it-s  structure  it  corresponds  exactly  with 
that  of  the  female,  hut  is  altogetlier  formed  on  a  smaller  scale.  It  is  com- 
posed of  lobules  containing  follicles,  from  which  ducts  arise;  and  thc^  i 
follicles  and  diictrt  are  not  too  niiuut*  to  be  injected,  although  with  diffi-j 
cuity.  The  ovolutjou  of  the  gland  goe.s-on  pari  pas/ui  with  that  of  th«( 
body,  not  imdei^ing  an  increase  at  any  jiarticular  period ;  it  is  sometime 
of  considerable  size  in  old  age.  A  lluid,  which  is  probably  muciis.  niay  ' 
be  ])ressed  from  the  nipjilo  iu  many  persons ;  and  this  in  ihi?  dewl  body, 
with  even  more  lacility  than  in  the  living.  That  the  essential  idiaraolar 
of  the  gland  is  the  same  in  the  male  as  in  the  female,  is  shown  by  tlw 
instances,  of  which  there  are  now  several  on  record,  in  which  in&nts  ha*e 
been  suckled  by  men  (§  919). 

919.  Although  the  state  of  functional  activity  in  the  Maumanr  gUnd 

is  usually  limited  to  the  epoch  succeeding  Parturition,  yet  this  is  not^_ 
invariably  the  case;  for  numerous  instauci.>s  are  ou  reconl,  in  wliicli^^ 
young  women  who  have  never  borne  children,  and  even  old  women  locg^^ 
past  the  period  of  child*  bearing,  have  had  such  a  copious  flow  of  milk,  a* 
to  be  able  to  act  as  efficient  nurses. f     In  these  cases,  the   strong   dMi« 
to  furuLsh  milk,  and  continued  irritation  of  the  uipplc  by  the  iuCuit'l 
mouth,  seem  to  have  furnished  the  atimulus  re(|ui3itc  for  the  foniuition 
of  the  secretion ;  and  it  has  been  found  that  this  is  usually  ad^utttc  to 
restore  the  secretion, after  it  has  been  intermitted  for  some  monthsdnrinf 
the  ordinary  |ieriod  of  lactation,  in  consequence  of  disorder  or  debility  on 
the  part  of  the  mother,  or  any  other  cause  ;  so  that  where  her  condition 
renders  it  advisable  that  she  should  discontinue  nursing  for  a  timei.  tho 
child    may  be   withdrawn    and  the  milk   '  dried- up,'  with  a  confide 
ex[>ectation  that  the  secretion  may  be  reproduced  Bubse(|uently.$ 


A. 
reiiH 

"M 

feu 

ilh 

IJU- 

LboH 

i»yB 
>iy.l 


identfl 


*  See  the  ruluable  paper  by  Ih-,  PedJie,  '  On  the  Hamnikiy  SeerOiim,'  in  tiu  " 
MuDthl;  Juum.,"  Aag.  1S48. 

i"  A  cnllectioQ  of  Huch  uftfie§  ia  given  in  Dr.  Dunglison*!  "  Hauum  PbjrmDl^^, "  Tlh  «AL, 
ToL  ii.  p.  513. 

X  See  sD  ■oooant  of  M.  TranueMi'i  experianoe  on  thii  pinnt,  la  "  L'tTawa  WS- 
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M'Williftm  mentions  in  his  Report  of  tie  Niger  Expedition,*  that  ttio 
in]tiitii touts  of  Bona  Vista  (Cape  de  Verde  lalnnds)  are  occuBtouied  to 
provide  a  wet-nurse  in  coscis  of  einergoncy,  in  the  person  of  any  wcjinau 
whw  baa  ODce  borne  a  child  and  is  still  within  tho  age  of  chilil-bearing, 
by  ooiilinucn]  fomentation  of  the  mamniie  with  a  decoction  of  the  leaves 
of  the  jatrophn  carcas,  and  by  suction  of  the  nipple. — The  moat  curious 
bet,  however,  is  that  even  Men  should  occBsiouiJ)y  be  able  to  peiforai 
the  duties  of  nurses,  and  should  nfibnl  an  adeqiiiite  supply  of  infantile 
uutriinent.  Several  cases  of  this  kind  are  ui^on  reconl ;+  but  one  of  the 
nioQi  ri'oeiit  and  authentic  is  that  given  by  Dr.  Duuglisoii.I  "  Professor 
Hnll.  of  the  university  of  Maryland,  exhibited  to  his  LIhsteti-icul  clnaa,  iu 

feyear  1S3T,  a  coloured  man,  lifty-tivo  years  of  a^'e,  who  had  large, 
well-formed  maniinie,  rather  luoi-e  conicikl  than  those  of  the  femali.*. 
and  projecting  fully  seven  inches  from  the  chest ;  with  [wrfect  and  largK 
nipjiles.  The  glandular  structure  seemed  to  the  touch  to  Iw  eiactly  like 
that  of  the  female.  Thia  uian  had  officiated  as  wet  nurse,  for  several 
]reEtra,iii  the  family  of  his  mistress;  and  he  repi'c^unted  that  the  socretion 
of  milk  WDA  induced  by  applying  the  chthlren  enti-usted  to  his  core,  to  the 
brCAsts,  tluring  the  night.  When  the  niilk  was  no  longer  required,  grwit 
difficulty  waa  eiporienced  in  arresting  the  Beeretioa.  Hia  genital  organs 
were  fully  developed.'"  Corresponding  facta  are  also  recorded  of  the  male 
of  several  of  the  lower  sniiuale, 

920.  The  st^retioa  of  Milk  consists  of  Water  holdinj;  tn  solution 
Sognr,  various  Saline  ingredients,  and  the  peculiar  ulbuminous  substance 
termed  Oiuwin ;  and  having  Oleaginous  particles  suspended  in  iL  The 
constitu'^ion  of  tins  fluid  is  made  evident  by  the  onlimu-y  pi^oceascs  to 
which  it  is  subjected  in  domestic  economy.  If  it  be  allowed  to  stand  for 
some  time,  exposed  to  the  air,  the  greater  part  of  the  oleaginous  globules 
oome  to  the  surfiiw,  leing  of  less  specific  gravity  than  the  fluid  through 
which  they  ai-e  diffiiaed:  this  is  especially  the  case  with  the  larger 
&cetted  globules,  which  have  Ijeen  hence  diBtinguished  as  'ci'eam-globnioa." 
The  oreitm  tbns  formed  does  not,  however,  consist  of  oily  particles  alone ; 
bat  includes  a  confiiderable  amount  of  casein,  with  the  sugar  and  salts  of 
the  milk.  These  are  further  separated  by  the  continued  agitation  of  the 
cream ;  which,  by  rupturing  the  envelopes  of  the  oil-globules,  separates 
it  ioto  butter,  foimed  by  their  aggregation,  and  bfttterniilk,  containing 
tlie  casein,  sugar,  ic.  A  consideraiile  quantity  of  casein,  however,  is 
entangled  with  the  oleaginous  matter,  and  this  has  a  tcudejjcy  to  decora- 
pose,  eo  as  to  render  the  butter  rancid;  it  may  be  separated  by  keeping 

eale,"  ISfi2,  No.  T;  and  paper  bj  Dr.  Ballou  in  tfae  "Anier.  Juiim.  at  Msd.  ScL," 
Jan.  1SR3. 

•  "MfdKalftnietW,"  Jao.  1847. 

i-  See  tbe  case  dBiffiribed  by  tfae  BiBbaii  of  Cork,  in  the  "  Phi  toga  pliical  TranaixitintiB," 
toL  xli-  p.  813:  ooe  numtioned  by  Sit  Juha  PraDklin  ("Nnrrativvof  a  Journey  lo  Uie  Pulnr 
Sea,"  p.  167);  and  one  which  fel!  uuiler  the  noUce  it  the  wlebnvWj  tnvvoUei'  Humboldt 
l"  Peraonal  Nnnative,"  vol.  iii.  p.  68). 

i  "  HaniHn  Piiyxiology,"  ith  «il!t..  Tol.  U.  p.  61  j.— Dr.  Dunglison  also  meDtiona  that 
in  the  winter  of  1^4^51),  an  athletic  man,  twenty-two  yean  ttf  age,  preeeatcd  famifielf  at 
the  JefferWD  Medical  College  at  FhThuietphia;  whogu  left  mamma,  tEithour  atti/  iiani'juahtf 
atrttf,  bad  beojtne  greatly  duveloped,  sad  aeereled  milk  copiously. — It  may  be  added 
tbat  a  lxU«cent  fluid,  upparvutly  presenlini;  the  diameUira  af  true  milk,  may  frrsiueutly 

it  exptcned  from  the  mammary  glands  of  infants.      (See  "Dublin  Aledical   I'ren," 

Mpil  17.  1850.) 
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tho  butter  melted  at  the  teniiieniture  of  180°,  when  the  casein 
the  bottom,  I wtving  tho  butter  pure  and  mucli  less  liable  to  change,— The 
milk,  afU'r  tlie  cream  bus  been  rtimoved,  stiU  contains  the  great<8t  part 
of  its  coBoin  and  sugar.  If  it  be  kept  long  enougb,  a  epontaneoiis  change 
tiikes-plnOB  in  its  composition  ;  the  sugar  is  converted  bito  lactic  acid. 
and  thiB  cofigulntcs  the  casein,  precipitating  it  in  Bmall  flakes.  The 
same  precipitation  may  be  accomplished  at  any  time,  by  the  oddttjun  of 
an  acid ;  njl  tbe  acids,  however,  which  act  upon  albumen,  do  not  preci- 
pitate casein,  ns  will  presently  l>c  [winttMl-out  iu  detail ;  the  most 
etfeotuol  in  that  coutikined  iu  the  dried  stomach  of  a  calf,  known  w 
reiinel.  The  whey  left  after  the  curd  lin*  been  separated,  coutaina  * 
lat'ge  prcFportion  of  the  saccharine  and  saline  mutter  ihat  entered  in 
the  original  composition  of  tbe  milk ;  this  may  be  readily  siiparate<1 
evaporation. 

921.  When  Milk  is  examined  with  the  Microscope,  it  b  seen  tc 
tain  a  large  number  of  particles  of  iiTegtUar  size  and  form.  Eus])end< 

in    a.    somewhat    turbid    fl 
Pio.  U9.  (Fig.  149):  theae  particlefi 

in  size  from  about  the  l-li,TO' 
to  the  l-304Ulh  of  an  inch;  and 
they  ore  termetl '  nulk-globiiles.' 
They  are  not  alFccted  by  the 
mere  conlaet  of  ether  or  alka- 
lies i  but  if  these  reagcut^  are 
shaken  with  tlicm,  an  imnie- 
diate  solntion  is  the  resulL  The 
game  effect  happens,  if  th^  atr 
first  treated  with  acetic  ucid. 
Hence  it  is  evident,  that  the 
globule*  consist  of  oily  nwtttt, 
inclosed  in  an  envelope  of  same 
kind;  and  an  extremely  del  ie*to 
pellicle  may,  in  &ct,  be 
guished,  after  the  removal  cJ 
oily  matter  by  ether,  or 

the  globides  have  been 
TSorovnmift.ppr*nnxwnlIfum4HtMUk,iiilb  ui  inter-  i    j.i_    '  ^      ^  i     _* 

imihi™utfcainiir^.orpuii-i™it~.«,»oi!ol»irhwB       and  tlioir  Coutonts   pressed-ool 

by  rubbing  a  drop  of  niilk  be- 
tween two  plates  of  glfl-ss.  No  proof  of  the  organization  of  this  jielliclehu, 
however,  been  detected;  and  it  is  probably  Ui  be  regar<le<l  as  the  simjile 
result  of  the  contact  of  oil  with  albuminous  matter. — Besides  these  otilk- 
globules,  other  globules  of  much  smaller  size  are  seen  in  milk ;  and  thrsp 
present  the  peculiar  movement  which  is  exhibited  by  molectdes  in  genelsL 
Most  of  them  seem  to  consist  of  oily  matter  not  inclosed  in  an  envel 
as  they  are  at  once  dissolved  when  the  fluid  i.i  treated  with  ether;  hi 
according  te  the  stntemcintit  of  Donn^,  it  would  seem  that  a  portiuu 
them  are  oompotied  of  casein,  suspended,  not  dissolved,  in  the  fluid. 
a<ldition  to  the  foregoing  particles,  there  are  found  in  the  Coloatrvtn, 
milk  first  secreted  after  delivery,  large  yellow  granulated  ooTpiuda 
(Fig.  149,  o,  rt),  which  acem  t«l>e  comjtcwed  of  a  multitude  of  small  gniw 
aggregated  together ;  these  ap[>ear  to  be  chiefly  of  a  fatty  oa 
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"fbr  thti  most  part  soluble  iu  ethor;  l>ut  ti^cea  of  aome  aiUiMire  matter, 

EWbly  mucus,  hoi  ding- togother  tbe  (inrtieles,  are  then  seen.  They  are 
wlored  by  some  as  ■  exudation-corpuscles,'  to  which  they  certainly 
r  n  close  resemblance ;  ucconiing  to  Reinhai-dt,  they  are  traiisfor- 
OMtionb  of  the  epithelia!  cells  of  tlio  mamninry  dncta,  the  rcault  of  a  sort 
of  fatty  degeneration  or  regressive  nietamorphoais  consoqneat  upon  the 
peculiar  activity  of  the  mammary  gliind  during  pregnancy.*  Lamellie 
of  epithelium  arc  also  found  in  the  milk. — All  the  larger  globules  may  be 
removed  by  repeated  61tnitiou :  and  the  fluid  is  then  nearly  tinnspareitt. 
This,  in  fact,  is  tbe  simplest  way  of  sejiarating  the  oleaginous  from  the 
other  constituents  of  the  milk ;  aa  but  little  casein  then  tidherea  to  the 
former.  Tbe  ti'anaparent  fluid  wiiich  has  passed  tLmiigh  the  filter, 
contains  nearly  tbe  whole  amount  of  the  casein  of  the  milk;  but  even 
in  this  fluid  there  are  found  globnles  t<:io  minute  t')  be  kept'back  by  the 
£lt«r,  vhose  chemical  reactions  mark  them  iis  eaHcin. 

«922.   We  shall  now  conflidtT  tlie  chemical  characters  of  each  of  the  fore- 
ing  ingrediente. — The  Ol«ngiiiotis  matter  of  milk  principally  consists  of 
s  ordinary  components  of  fat  1  but  it  also  eontwns  another  substance 
peculiar  to  it,  designated  as  bidyrin.,  to  which   the  peculiar  smell  and 
tAst«  of  butter  are  due ;  this  yields  in  saponification  three  volatile  aoida, 
of  strong  animal  odour,  to  which    Ohevreul  has  given  the  mimes  of 
butyric,  caproic.  and  capric  acida     These  peculiar  acids  are  not   only 
formed  when  the  butyrin  is  treated  with  alkalies ;  but  are  produced  by 
the  ordinary  decomposition  of  this  principle,  which  is  favoured  by  time 
ttmA  moderate  warmth. — The  C'lmciii  of  Human  milk,  however,  id  usually 
^BJ  to  l«=  much  less  procipitabic  by  acids,  than  is  tliat  of  the  Cow ;  very 
fominonly  resisting  the  action  of  the  mineral  acids,  and  even  tliat  of  the 
acetic;  but  being  always  coagulated  by  rennet,  though  the  curd  is  long 
in  cijilecting.     On  this  point,  however,  there  has  been  much  iliscrepancy 
of  statement,  on  which  the  recent  experiments  of  Mr.  Moore  +  throw 
some  light.      It  ap|iears  from  the  results  obtained  by  him,  that  Human 
Milk  forms  witli  most  acida  two  sets  of  compounds,  one  of  them  soluble 
in  water,  the  other  in.soluble;  the  latter  being  formed  only  when  the 
qiiautity  of  acid  is  loigc  in  proportion  to  the  casein.     Thus,  when  two 
fluid  onuccs  of  Cow's  milk  were  boUed  with  a  single  drop  of  niti'ic  acid, 
complete  coagulation  of  the  casein  at  once  took  place :  but  when  two  fluid 
drachiiw  of  Human  milk  were  treated  in  tbe  same  manner,  no  coagulation 
occurred,  though  the  casein  was  at  once  Ihrown-down  by  a  solution  of 
fcrrocyanide  of  j>otaaaiimi ;  the  same  q\uiutity  of  milk,  with  five  droijs  of 
the  acid,  formed  a  coogulum  wliich  was  not  very  manifest  until  after  the 
lapse  of  five  hours,  but  wo-f  very  complete,  the  aerous  fluid  not  being 
^hund  to  contain  any  casein  by  teating  it  with  fcrrocyanide  of  potassium ; 
^ftd  it  required  ten  drops  of  nitric  acid  to  produce  immediate  coagulation. 
^K-The    quantity  of  acid  necessaty  to  produce  coagulation   sufficiently 
^Pjud  to  be  immediately  visible,  will  vary  with   the  amount  of  casein 
'^jresent  in  the  particular  specimen  of  milk.  6  drops  in  some  instances  \tro- 
dncing  a  coagtilation  as  rapid  aa  that  prodLiced  by   10  dro|iH  in  others. 
In  no  specimen  did  Mr.  Moore  fail  to  produce  coagulation  by  ailding  a 
Sciency  of  acid.     Acetic  aoid  without  heat  produces  in  Human  milk 

[*  See  on  kbstrnct  of  hit  rifWH  iu  tbe  "  Gdinb.  Monthlj  Joanul,"  Feb.,  IS48. 
ft  "Dublin  Qimrterly  JonniBl  of  Medical  Scieope,"  vol.  vii  p,  280. 
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a  alow  aeparation  of  soft  flaky  coagula;  but,  wlien  h«it  is  eoiplo 
tuorc  perfect  cimgulatiou  Ja  pmduyeil  liy  smiill,  than  by  large  quantities 
of  tlua  acid.  Rennet  does  not  seem  to  act  upon  the  casein  of  Hiiuiai>iH 
milk,  unless  an  acid  be  also  present.  In  several  of  these  partieulnrs,  wH 
weU  sa  in  its  small  proportional  amount,  the  Casein  of  Ass's  milk  liesvrs  * 
closer  resemblance  to  that  of  Human  milk,  thun  does  that  of  tlie  Cow, — 
The  Sygn/r  of  Milk,  which  may  be  obtained  by  eTnporating  whey  to 
the  consistence  of  a  syrup,  and  then  setting  it  aaide  to  crystollisB, 
forms  opaque  prisms  or  rhombohedra,  whose  composition  is  10  C,  8  H, 
8  0  +  2  HO,  In  many  of  ita  jiroperties  it  beara  a  close  reecmblanix-  loj 
Glucose  or  Golatin-augar,  into  which  it  is  readily  converted  by  the  agene 
of  dilute  sulphuric  or  hydivwldoric  acid,  or  by  the  acetic  or  citric  acid 
It  IE  i-eadily  made  to  pass  into  the  laclio  and  butyric  fermentation,  ' 
the  appropriutfi  ferments;  hut  is  with  difficulty  brought  to  iindei^ 
vinoufi  furmentation. — The  Saline  matter  coutainetl  in  milk,  nppean 
be  uearly  iduiitical  with  that  of  tlie  blood ;  with  ii  larger  proi>ortion  of 
the  phobij>hatea  of  lime  and  magnesia,  which  amount  to  3  or  2  j  parts  id 
1000.  These  phosphates  are  held  in  solution  chiefly  by  the  casein,  wliich 
seems  to  have  a  power  of  combining  with  them,  even  greater  tbnu  that 
of  alhumeu :  the  prcsecce  of  a  minute  proportion  of  free  alkali  also  u&isu 
their  solution.  A  email  portion  of  iron  in  the  state  of  phosphate, 
together  with  the  chlorides  of  potassium  and  sodium,  may  also  be  det«ci«d 
in  milk." 

923,  The  proportion  of  these  different  constituents  is  liable  to  grwit 
variation,  from  several  causes.     Thus,  the  whole  amount  of  the  Boli^^ 
constituents  may  vary  from  8G  to  138'C  parts  in  lOOOj  the  diflctvn^^| 
btiing  partly  due  to  individual  constitution,  but  in  (treat  jwirt,  also,  to  th^^ 
amount  and  character  of  the  ingesta.     The  average  seems  to  be  between 
100  and  120  parts.     The  follon-ing  are  the  results  of  the  analysis  of 
Simon ;  the  fu-st  column  being  the  average  of  fourteen  obserrations  upon 
the  some  woman;  the  second  giving  the  maximum  of  each  ingredii! 
and  the  thii'd  the  minimum: — 

I-  n,  OL 

Wnltr 883-8  91*0  6«H 

BnttCT 25-3  M-0  81 

Cniein U'S  46'3  1B1 

Sogar  at  AltUi  uid  extnotiTo  uatlara      .      46-3  ti-\  30'! 

Piled  Balto  S-3  2-7  1- 

It  also  appeal's  from  the  analyses  of  Simon,  that  the  proportion  of  th* 
different  ingrediente  is  liable  to  variation,  according  to  the  time  which 
has  elapsed  since  parturition.  The  quantity  of  Casein  is  at  its  minimain 
at  the  commencement  of  lactation,  and  then  graduallv  rises  until  it 
attains  a  nearly  fixed  proportion.  The  quantity  of  Sugar,  on  the  con- 
trary, isat  its  maximum  at  first,  and  gradually  diminishes.  Theunonntof 
Butter  (as  upiiears  from  the  wide  ostrcmea  shown  in  the  above  tables)  ii 
more  variable  than  that  of  any  other  constituent — That  some  of  the  vari*- 
tions,  moreover,  are  due  to  the  character  of  the  ingesta,  and  othen  to 
the  external  temjKiratnre,  amount  of  exorcise,  and  other  circumstancea 
atfectiug  the  individual,  is  proved  by  the  inquiries  of  Dr.  Play&ir  i 

*  Budlen  in  "  Annaloii  der  CLemie  ddJ  Phumaaic,"  Uad  dr.,  p.  163, 
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tlu)  SUlk  of  Lhe  Cow.  He  has  sbown  tbat  the  Rmonnt  of  buttei-iiujiouiU 
i&  |Mirt  ujion  the  quantity  of  oily  nmtter  in  tlie  ri>od,aiid  in  pnrt  u{>o]i  the 
luut  of  iMC'rciM  which  the  animal  takes  and  the  u-arnith  of  the  ntmo- 
lere  in  wliuOi  it  is  kept :  esoraiac  und  ca]d,liy  increasing  the  i-eepimtjoii, 
niiuate  part  of  t)ie  oily  matter  in  the  fi.irm  of  mrbouic  acid  mid  water; 
whilst  rest  luid  warmth,  hy  diminiBliing  this  drain,  fiivoiir  ita  pass^e 
into  the  milk.  The  projiortiou  of  Uuam.u,  on  the  other  hood,  tn  iucrenaed 
by  esercise.  Dr,  Plnj-feir's  experience  on  this  head  seems  to  corresjioad 
with  the  rR5u]tfi  of  common  obseri'iition  in  Switzerland;  for  where  lhe 
cattle  posture  in  very  exposeil  Hituntiins,  and  are  obliged  to  uae  a  git'ut 
of  muscular  exertion,  the  quantity  of  butter  yidded  by  them  is 
ry  smidl,  whilst  the  cheeao  is  in  uiiusually- large  proportion;  but  these 
i«  oittle,  when  BtolUfed,  give  a.  hirge  quantity  of  butler  and  very  little 

The  change  whioh  naturally  takpa-i)Iaco  from  the  condition  of 
to  that  of  true  Milk,  during  the  tiret  week  of  laetatiou,  is  a 
im]iortant  one.  The  Colostnini  has  a  purgiitive  effect  upon  the  cliild, 
khich  in  very  iiscfiil  in  oleanug  its  bowels  of  the  meconium  that  loads 
.  at  birth;  and  thus  the  !ici»e«Hity  of  any  other  piirgutiveisgieneially 
kpenedetL  Ocwwionally,  however,  lhe  coiaatric  character  is  retained  by 
ke  tnilk,  during  an  abnormally  long  period :  and  the  hndth  of  the  infant 
I  then  severely  affectetL  It  is  imjiortaut  to  know  tbat  thia  may  occur, 
ran  though  the  milk  may  present  all  the  usual  appearance  of  the  healthy 
crntion;  but  the  microscope  at  once  detects  the  difffrenco,*  The  return 
tlio  character  of  the  early  milk,  which  has  been  stated  to  take-pluue 
the  expimtiou  of  alraut  twelve  months,  seems  to  indicate  that 
tatiirv  designs  the  aecretion  no  longer  to  be  encoui'aged ;  the  mother's 
LCanuot  theu  be  so  nutritious  to  the  ohild  as  other  food  ;t  and  every 

bI  man  is  iauiiliar  witli  the  injurious  couaequencea  to  which  she 

ndcrs  herself  liable,  by  unduly  pi-olon^ng  liictatiou.J  Cases  are  not 
afreiiuent,  however,  in  which  the  secretion  continues  us  long  as  thei-o  is 
1  demand  for  it ;  and  sonietimea  quite  independently  of  this.  It  is  the 
abit.  aui»ng  some  nations,  to  suckle  the  children  untU  tbey  are  three  or 
four  years  old,  and  tn  continue  doing  so  even  though  another  pregnancy 
slioidd  BU[icrvcno;§  so  that  the  older  child  is  only  displaced  by  the 
arrival  of  another  infant  And  it  soema  to  be  chiefly  among  those  who 
.have  thus  forced  the  mammaiy  gland  into  a  stttte  of  unnaturaJly-jietsistcnt 
tirity,  that  the  lipoutaneous  and  irrepressible  Bow  continues,  after  the 
tmnd  for  it  haa  ceased. || 
'JS5.  It  b  very  interesting  to  observe  that  Milk  contains  the  three 

See  Doim6,  "I'd  Ijiit,  et  en  psrtioDlier  OBliii  dee  Nourrioes,"  and  "  Brit.  uhI  Pot. 
il.  Ririi!*,"  voi.  'i,  p.  181. 
t  On  tbn  whole  suhjwt  vi  Infant  NutiilJiFn,  the  Author  would  slronglj  reoommeiid  tbe 
■wllent  little  work  of  Dr.  A.  Coioiie,  furmcriy  refen«l-to. 

t  tine  vl  thew,  which  hoa  patticalnily  fallea  iiixlvr  tbe  Author's  udCiug,  Ib  debility  uf 
Lhe  rtftiiiD,  amnetiiueB  prufleeding  to  campLete  autaur^ifl  ;  tl^ia,  if  treated  in  time,  ia  moel 
uniaul;  mlieved  bj  diwontianiuiFe  of  lactaliuB,  ^FDoroas  diet.  Hud  qoiuius. 
H  8m  Bnnaa'g  "Tnvvels  JD  Siberia"  (tnuulatal  b;  Cuoley),  toI.  ii.  p.  511;  uid  ths 
'  Hitmtive  of  the  Dnitcd  Slstat'  BiploriDg  KxpediViim,"  vtil.  ii.  p.  13S. 

Thud   Dr.  Ureeu  hna  pablishcd   ("  K«ii  York  Joum.  of  Med.   aud  Surg.."  Rept. 
18J1)  die  I'uc  at  ■  liuly,  st.  47,  llie  niolber  uf  four  cbildreo,  who  bud  ua  aliunduit 
Hppli  Of  milk  Tor  l^mf^-vrFH  i/tan  previouel;,      A  period  uf  cXBelt;  Four  jean  and  a 
iMenrrod  betveen  «u:h  birth; and  tbe  ehillreu  were  jrenuitljed  to  lake  tbe  breast  lUitil 
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c'lasBM  of  principles  which  ure  required  for  human  food, — the  Al 
tbi>  Oleaginous,  luid  the  Saccharine;  and  it  is  the  only  8ecT«tGd  fli 
which  theat!  ull  exfet  to  any  considerable  anionnl.  It  is,  therefiire,  the 
food  moat  perfectly  (ulaiitd  for  the  young  animal ;  and  is  the  only  single 
ftiticle  supplied  by  Diituro,  iu  which  such  a  combination  exists.  Onr 
artificiiil  combinationa  will  be  suitable  to  replace  it,  just  in  proportioD  as 
they  imitate  its  character;  but  in  none  of  them  can  we  adTantMgMMuIy 
diapeuac  with  milk,  under  some  form  or  other.  It  should  be  remembered 
that  the  Saline  ingredients  of  '"'ITr,  especially  the  phosphates  of  lime, 
magnraia,  and  iron,  have  a  very  important  function  in  the  nutrition  of 
the  infant,  alfordiug  the  mat«nal  for  the  consolidation  of  its  bones  and 
for  the  production  of  its  red  blood -corpuscles  i  and  any  fluid  substitnted 
for  milk,  which  does  not  contain  these,  is  deficient  in  essential  ooosti- 
tuents.  It  i-s  very  justly  remarked  by  Dr.  Kees,*  that,  of  all  the  secreted 
fiuids,  lUilk  is  most  nearly  allied  in  ita  composition  to  Blood. 

9211,  The  proportion  of  the  different  ingredients  in  the  Milk  of  dif- 
ferent animals,  is  subject  to  consideniblc  variation;  and  this  fact  is  of 
much  practical  importnncc  in  guiding  our  selection,  when  good  Htunon 
milk  cannot  be  conveniently  obtained  fur  the  nourishment  of  iin  infimt 
The  first  jKiint  to  be  iinjuii-ed-into,  is  the  quantity  of  solid  matter  con- 
tained in  each  kind ;  this  may  be  determined  cither  by  evaporation,  or 
by  the  specific  gi-avity  of  the  fluid.  The  Specific  Gravity  of  Hiini*n 
milk  is  stated  by  Dr.  Reea  (loa  ciL)  to  vary  between  1050  and  1035; 
others,  however,  have  estimated  it  much  lower.  That  of  the  Cow  uppeara 
to  lie  usually  about  the  same;  that  of  the  cream,  however,  Iwing  1034, 
and  that  of  the  xkinimod-milk  about  1035.  The  variation  will  in  psrl 
depend  (as  in  the  case  of  the  urine)  upon  the  quantity  of  fluid  iiigrst^d, 
and  in  part,  it  is  protmble,  npon  the  manner  in  which  the  milk  is  dtttwn : 
for  it  is  well  known  to  milker^  that  the  last  milk  they  obtain  is  much 
richer  than  that  with  which  the  udder  is  distended  at  the  conitncncemcnt. 
TliQ  quantity  of  solid  matter  obtainoblo  from  Cow's  Milk  by  eraporation, 
seems  to  be  usually  considerably  greater  than  that  yielded  liy  HmDin 
Milk ;  and  tliere  is  also  a  considerable  difference  in  the  rel.itive  propor- 
tions of  their  ingi-eilients,  there  being  far  more  casein  and  less  sugar  in  thi 
milk  of  the  Cow,  than  in  that  of  the  Human  female.  The  following 
table  exhibits  the  average  projiortions  of  the  different  ingredit^nte,  in  the 
Milk  of  vaiious  animals  from  which  that  fluid  is  commonly  obtained; 
those  proportionH,  however,  arc  liable  to  wide  variations. 
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thrj  Wfn  rUDDiiig  nbant  nt  [iIbj.  Ac  the  ttmi  «heii  l>r.  Q.  wtdU,  ihe  had  bcM  mat 
years  &  widow,  uid  woa  iililiged  t>i  tsi-c  her  LreaaU  drawn  diilj,  ibt  ncmks  <<  mA 
being  »  iw[uaaa. 

•  "CyolopBilknf  Anntoinj«nd  Pliyniology,"  An.  'Milk.' 


MUK  of  nnTEHEST  UAUMALS. — TICARIOtrS  SECHETIDK. 

Tt  u{i[i««rB  from  this,  that,  wliilat  tlic  euUIch  of  t]f  Cow,  Guat,  nnd  Sheep 
h*v<.>  n  f^enenLl  oorrespoDdcuce  nith  atcli  otliiT,  thuso  of  tlie  Asa  ivnd  Mah* 
u^  tliiifls  iifvery  dissimilur  cliiu'aoter,  coutninhig  a  comparatively  siuall 
portion  of  caaeio,  and  still  \e»»  Igniter,  hut  nboimdiiig  in  sugar.  Hence 
is,  tluit  they  are  mucli  more  disposed  to  ferniout  than  other  milk; 
the  Huftai'  of  Mare's  milk  is  ao  abundiuit.  th»t  the  TartaiN  |irep(iri.' 
im  it  Ik  spirituous  liquor,  to  whiah  they  give  the  name  gf  kijumigs. 
thuui^h  no  milk  more  neiLrly  approaclios  thut  of  the  Himian  female,  in 
pni|iortiou  ofita  ingredients,  than  tliiit  of  the  Qoat.  its  caaein  forms 
ulinrly-deuse  curd,  which  does  not  «uit  the  stomacli  of  the  infant ; 
i<ie»  whtnli,  the  milk  iii  tainted  with  the  peetiliai'  odour  of  the  aniinal, 
icJi  is  more  intense  if  the  inJiridnal  be  dark-roioured.  The  milk  of 
Abs,  though  diflering  in  the  pru|xii-tioa  of  its  ingredientfi,  seems  to 
II  eloser  approximation  in  propeitiea  (§  932).  The  milk  of  the  Cow 
.•ill  UMiKlly  answ.>r  very  well  for  the  food  of  the  infant,  if  care  be  taken 
dtlutd  it  pi'opirrty.  aoconJin;;  to  the  age  of  the  child,  and  to  add  a  little 
Wliere  theii?  is  an  apprehension  of  an  early  failure  in  the  supply 
Alilk.  the  Author  has  foimd  it  advantageous  to  conunenoe  feeding  the 
t  ouee  u  iliiy  with  this  mixture,  soon  after  the  first  month;  the 
her  of  its  meals  may  be  progressively  increased,  until  it  becomes 
\j  independent  of  its  parent,  without  any  abrupt  transition ;  and  at 
le  time  the  proportion  of  water  and  of  sugar  may  l>e  diminished, 
,nue  with  the  untural  change  which  takes  place  in  the  milk  of 
mother  dm-ing  the  progrisa  of  lactation  (§  !I23). 
027.  From  what  has  been  stated  of  the  close  correspondence  between 
tilt  element*!  of  the  Blood  and  tlio^eof  the  Milk,  it  i»  evideut  that  we  can 
ly  expect  to  trace  the  existence  of  the  latter,  as  sucli,  in  the  cirtm- 
ig  Huid.  To  what  degriM  the  change  in  which  their  elabonitiou 
is  ac^roiiiplished  in  the  Mammaiy  gland,  or  during  the  course  of 
the  circulation,  there  is  uo  certain  rneana  of  ascertaining.  It  is  evident 
that  the  secretion  cannot  serve  us  the  channel  for  the  deportation  of  any 
element,  the  nucumulation  of  which  would  be  injiirioiia  to  the  system; 
nnce  it  doe;)  not  occur  in  the  Male  at  all,  and  is  present  in  the  Female 
ftt  particular  times  only.  Yet  there  is  i-euaon  to  believe  that  if,  whilst 
Ule  process  is  going-on,  it  be  suddenly  cheeked,  the  retention  of  the 
KiAterial  in  the  blood,  or  the  I'e-a.bsorptiou  of  the  Mvrrted  Quid,  is  attended 
with  injurious  consequences.  Thus  if,  when  the  milk  is  first  secreted, 
tbe  child  be  not  put  to  the  breast,  an  accumulation  takes  plaee,  which,  if 
not  relieved,  occasions  great  general  disturbance  of  the  system.  The 
narrowness  of  the  orifices  of  the  milk-tubes  obstnicts  the  spontaneoua 
Wtit  of  tbe  fluid,  especially  in  priiiiijiara ;  the  reservoirs  and  duota 
become  loaded ;  further  secretion  is  prevented ;  and  a  state  of  uougostion 
of  the  veeseU  of  the  gland,  tending  to  inflammation,  is  induced.  The 
accomi.iauying  fever  is  partly  due,  no  doubt,  to  the  locjd  disturbfmce;  but 
iu  part  also,  there  seems  reason  to  believe,  to  the  re-abaorption  of  the 
milk  into  the  blood;  this  cannot  but  be  injurious,  since,  although  but 
little  altered,  the  constitution  of  milk  is  essentially  difl'erent,  especially  in 
regard  to  the  quantity  of  crystallizable  matter  (sugar)  which  it  contains. 
— -Cases  of  the  vicarvnie  secretion  of  milk  are  not  numerous;  and  iu  no 
instance  is  there  any  proof  tliat  the  elements  of  the  fluid  were  pre- 
existent  in  the  blood.     Some  of  the  moat  curious  are  ihos*  in  which  it 
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lias  b««n  poured-oiitr  from  a  gland  in  the  groin;  but  it  is  pi-olnble  tb 
this  wiis  in  consequence  of  the  exiatence  of  a.  reni  rejwtition,  in  that  pla 
of  the  true  iniLmmary  structure;  tliia  bring  the  ^timtioD  of  the  mKiumff' 
in  many  of  the  Infurior  animiLlfi,  of  which  the  bomologuea  in  Muu  are 
usually  undeveloj>ed.* 

02S.  Of  the  quantity  of  Milk  ordinarily  MCreted  by  a  good  Nune,  it 
is  difficult  to  form  a  connect  estimate  ,-t  since  the  amount  which  can  be 
artilieially  drawn,  ftfibrilfi  no  criterion  iif  that  which  is  secreted  at  the 
lime  of  thu  'draught '(§  833).  The  quantity  which  am  b*  squeezed 
from  either  breaat  at  itny  one  time,  and  wliieli,  therefore,  must  hare 
been  contained  in  its  tulies  and  reservoirs,  is  about  two  iiimees.  The 
amount  secreted  is  Really  influenced  by  the  mental  and  jihysica]  con- 
dition of  the  female,  and  also  by  the  quantity  and  character  of  the  ingests 
In  regard  to  the  influence  of  tlie  mental  state  upon  tliis  secretion,  ample 
details  have  already  been  given  (§§833,  Ulil).  With  reBpect  to  the 
physical  state  most  tkvoumble  to  the  production  of  an  ample  supply  of 
this  important  fluid,  it  may  be  stated  generally,  that  sound  bralth,  a 
vigorous  but  not  plethoric  constitution,  regular  habits,  moderate  but  not 
(iitiguing  exercise,  and  anadef^iiate  biitnot  excessive  uuiouiit  of  uutritious 
food,  furnish  tlie  conditions  moat  required.  It  Li  seldom  that  stimulating 
liquors,  which  are  aocomraonlyindulged-in,  arc  anything  but  preju<Iicia]; 
and  even  whoi-e,  as  aomotimes  unquestionably  hnjipeua,  an  improvement 
in  the  coniUtiun  iH^th  of  mother  and  infiint  is  the  immediate  result  of  the 
moderate  employment  of  them,  it  is  questionable  whether  the  remote 
effect  ia  not  of  a  revei'se  uatui-e.^     Their  Jiuiius  ojieraiidl,  when  they  are 

*  The  fuUaviDg  is  a  more  uneituiroiAj  eaee  of  licarii'inH  BeoatiDii ;  and  it  in  pccnliulj 
interesting  on  i<ihil]itiug  the  iiguriona  eSccIs  of  Ike  re-ahsurptiun  uf  t>be  n>creti<iD,  *ai  A* 
rcliflf  vliicb  Ihti  pyHl«iD  eiperieaced  vhuit  it  vua  B£[i:tsjii6ti  fritm  iht  bluod  b5  klie  IKV 
clifuieel'  '*  A  Udj  of  ilelioate  cuDslitutioii  (vith  A  prt^diK^nriiiti^tii  U^  pttrmuKium)  vh  |tfr 
Viiiit«il  IraiD  ani^klioij  ber  child,  as  ehe  denini,  by  Uiu  following  cirrumstium.  Sam  (Aa 
hiT  iIl'II  vary  she  li»l  i  severe  fever,  during  whifh  her  breuU  loeame  very  luge  wid  htii: 
the  nijtplvv  were  swollen  and  firm;  und  then?  vm  evlili-jitly  jm  nbundutt  oeffvtioo  ei 
milk  ;  bill  weilbtT  tbo  nucking  of  Ihc  iufflut,  nur  anj  nrlJIif  inl  mfsnn.  could  diaw  s  ai|la 
drop  of  dujd  from  (iie  moUen  glands,  ll  nns  clesr  Uut  tlie  inilk-tnbes  irere  iiliiwiil.  wd 
u  the  broLita  ninttuned  lo  gro*  larger  aud  mure  piunful,  purgalJTBB  and  otter  SMM 
Hen  eniptofed  to  cheek  the  secretiuu  ef  milk.  AJUt  Ibme  days,  the  few  ■iiiiiiifcil 
difuiniflhed,  and  »iia  replaced  b;  a  constant  cough,  which  wax  »i  fint  di^.  but  men  afttt 
wa^  Trlloweil  by  ihc  expeiTloratiuu  of  simple  mui^OB.  Alter  lliin,  the  cou^h  diniTnii4iii1 
in  Buverity,  and  the  expectoratjuu  became  eovy ;  but  the  fputa  were  no  lunger  mnoaaik 
huL  were  composed  uf  a  Ijijulit,  which  hiul  oil  the  pbyaii^ol  i.'hnraelcri  uf  gennise  siilk. 
Thin  CDUtinued  fur  £fuiea  dnyK;  the  quantity  of  milk  vi)iceU>ru1«d  nmoBnUag  to  Ihirt 
oanceo  or  mere  iu  tbo  twenty-four  huurR.  Tlie  hioule  ^rodualiy  dimiiuihed  in  Mf: 
■nd  by  the  time  that  the  eijieptonitinn  ruued,  they  liod  regained  Ihcir  natnnl  iHmni 
Hionii.  The  same  complete  uLhUcIc  to  the  flow  uf  milk  from  the  nipples  recerred  oftit 
the  births  of  four  chihlren  Bueeeesirely,  witti  the  wiuie  ayguelir.  After  the  oiith.  (fc* 
bnit  the  tame  synipt-iran  uf  fever,  bot  Ibis  time  they  were  uol  liillowal  by  bnmehilM 
or  the  Gipi.'::t<)riitiun  uf  milk ;  Kho  bad  in  their  ulesd  •vpioua  "~*""|p,  which,  will 
uther  mvcre  Kytn|il<iiui>,  re<lnreil  her  to  a  cachectic  state,  and  tenninMed  btBlly  is  a  fiat- 
night."  ("BuHetino  delle  Sdenwi  Uediche,"  Apr.,  18S9;  ud  "Sat.  and  For.  IM. 
Review,"  Jan.,  1S40,) 

t  For  on  i»tiiaal«  by  M.  Guillot,  fanuded  on  the  conipatatin  wci^t  of  the  lu&al 
before  and  after  lactntion,  see  "  L'Dninn  Jlcdicale,"  18S2,  Nu.  10.  The  t<ititl  aDi>-iiiiI 
couaiilered  by  Mnnii.  Q.  to  bir  usually  drawn  in  Che  tweaty-fuur  honn,  nuiea  fcnin  S3  «. 
til  C'l  ui.  (spoth.);  but  his  estiniBt^s  are  vitimeii  by  Ibe  citiaoidinuy  fimfunttj^t  lk» 
bidnLions  obeerved,  the  infant  beiu^  put  to  the  breast  from  SS  to  30  limea  in  like  tVBiQ- 
four  bunrs. 
;  See  the  Aulbor'a  "Fliysiult^  of  Teinperanee  and  Tul^  A haviiuiaev,*'  |  SDS. 
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ilr  tietiufitual,  seems  to  lie  in  ['runioting  the  digestive  prooeu,  and  in 
Ills  iiiiling  in  tllB  ajiprop nation  of  those  nutritive  materials,  wliioh  CDn~ 
stitiite  the  ve-A  suui-ce  of  tlie  solid  constituent*!  of  the  milk. 

'.>2'.>.  'Thi'  iutiuence  of  various  Medicines  npini  the  Milk,  is  (mother  im- 
jxirtaiit  question  wliioh  has  not  yet  been  sufficltintly  investigated.     As  a 
Liend  rule,  it  appears  that  most  soluble  valine  compc-unds  puss  into 
llo  uiilk  as  into  other  secretionu;  but  Iheruare  many  exceptions.    Coauuon 
it,  the  aesqui-carbonate  of  soda,  siU]>ti)Lt«  of  soda,  iodide  of  potassium, 
ide  of  rinc,  tris-uitmte  of  liianiuth,  iind  aesqui-oxide  uf  iron,  have  been 
Uly  detected  in  the  milk,  when  these  subatauces  were  ex perimeii tally 
liniitered  to  ao  Asa;  luid  oniiuary  experience  shows  that  the  Ilumau 
at  Ls  aifected  by  many  of  these,  when  they  are  adniiuistored  to  the 
lother.     Tile  influence  of  inerfurial  (uediclues  taken  by  the  mother,  in 
aoving  from  the  infant  a  syphilitic  Uiint  posseMed  by  both,  is  also  weL 
oown.      The  vegetable  piu-gutivea.  especially  eiistor-oil,  senna,  andoolo- 
ith.liuve  little  ullect  upon  the  milk;  hence  they  are  to  lie  preferred  to  the 
ae  aperients,  when  it  in  not  desired  to  autapou  the  bowels  of  thechild. 


CHAPTER    XVII. 

<>t     rilK    IIIKFRKENT    BRANCHES    OF    THE    HUMAN'    FAMILY,    AND 
THEIR    MUTUAL    RELATIONS. 
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1,  General  Consideratuma. 

930.  Amonost  the  various  tribes  of  Men,  which  people  the  surface  of 
the  globe,  and  which  are  sepamted  from  all  other  animals  by  the  charac- 
ters formerly  ilescribed  (Chaji.  I.),  there  aiv  diffurencea  of  a  very  striking 
and  im|i.)rlaut  nature.  They  are  distinguishable  from  caeh  other,  not 
only  by  their  laiijruage.  dreas,  manners  and  customs,  religious  belief, 
and  other  acquired  peculiarities,  but  by  the  physical  confonuation  of  their 
liudioEs;  and  the  difference  lies  not  merely  in  tlie  colour  of  the  skin,  the 
nature  of  the  hair,  the  form  of  the  soft  jiai'ts  (such  ua  the  nose,  lips,  Ac), 
but  in  the  slia|>e  of  the  akidl,  ami  of  other  porta  of  the  bony  skeleton, 
whirb  might  be  suppised  to  be  less  liable  to  \-ftriation.  It  is  a  question  of 
^[reat  scienlitic  interest,  as  well  as  one  that  considerably  alTects  the  mode 
in  which  we  regard  the  races  that  differ  from  our  own,  whether  they  ore 
all  of  one  specivn,  that  is,  descended  from  the  Haute  or  from  similar  parents 
llge, — or  whether  they  are  to  be  considered  as  disliiict  »pecuv.  the  tirst 

.renta  of  the  several  races  having;  had  the  jiame  differences  among  the:n- 
ilves,  as  those  whicli  are  now  exhibited  by  their  descendants. 

931.  In  order  to  arrive  at  a  just  conclusion  on  this  subject,  ills  neces- 
sary to  take  a  veiy  extensive  aurvey  of  the  evidence  furnished  by  a 
uuinlier  <•{  different  lines  of  inquiry.  Thus,  in  the  Firet  place,  it  is  right 
to  investigate  what  are  the  discriminating  structural  marks,  by  which 
tpeeiea  are  distinguished  among  other  tribes  of  animals. — Secondly,  it 
ahoidd  be  ascertained  to  what  extent  vanutlvu  may  pi-oeeed  among  races 
which  arc  historically  known  to  have  had  a  conunon  jmreutage,  and  what 
are  the  circumstances  which  moet  favour  such  variations.— Thirdly,  the 
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extreme  variations,  which  preaent  tliBmselvea  amoiig  the  difiereut 
of  Men,  should  bo  compiircd  with  those  which  occur  among  triLes 
aniinnJa  known  to  be  of  the  same  parentage ;  and  it  shoidd  be  i^ueatio&ed, 
at  the  same  time,  wLethiT  the  circumslJincca  which  favour  the  prmluotion 
of  varieties  in  the  latter  case,  are  in  operation  io  the  former. — Fourthly, 
whcrt-  it  is  impossible  to  trace-back  distinct  races  to  their  origiu,  tt  is  to 
be  tiKjuired  how  far  agreement  in  physiological  and  [tsychologicaJ  peeuli- 
aritioH  may  be  regarded  aa  indicating  specific  identity,  even  where  a  conei- 
demble  dilfi'i'ence  exists  in  bodily  confunnation;  and  this  teat,  if  it  can 
determined-on,  hiia  to  be  applied  to  Man.— Fifthly,  it  must  be  attemptiHl, 
by  iL  clctailwl  examination  of  the  varieties  of  the  Huuina  ram  themeclvee, 
to  useertain  whether  their  differences  in  contbmiatiou  are  cunstaut;  or 
whether  thei-e  am  not  Biiuh  oecaaional  manifestations,  in  each  race,  of  a 
tendency  to  assume  the  charactcit)  of  others,  as  io  prevent  any  definite 
lines  being  drawn  between  the  several  tribes,  which  together  make-up  the 
(Hii[iposed)  distinct  H[)eciea. — ^Aii  inveatigntion  so  comprehensive  could 
not  be  followed-out,  even  in  the  moat  cursory  manner  that  woiJd  be  con- 
sistent with  utility,  within  the  limits  of  the  present  work ;  and  no  more 
will  be  attempted,  therefore,  than  an  indication  of  the  princijiol  pointc  of 
difference  among  the  several  Racea  of  Men,  and  a  statement  of  the  results 
of  inquiry  into  their  degree  of  constancy  in  each  of  the  principal  ^y>u[n 
which  they  have  l«en  thought  to  mark-out.* 

332.  The  differentinl  characters  on  which  those  have  relied,  who  havs 
Bought  to  eatabliah  the  existence  of  a  pt'irol'dy  of  itpeciai atnoiig  Mankind, 
are  both  Auafcomico-i'hysiologicid,  and  Pajchologioa!.  Under  the  Ibnuer 
head  riink  the  Colour  of  the  Skin,  tlie  texture  of  the  Hair,  and  the  con^ 
formation  of  the  bony  Skeleton,  tispecially  the  Skull.  The  latter  comist 
in  the  superiority  claimed  for  some  races  over  others,  in  Intellectaal 
power,  and  in  Moral  and  Religious  capacity.  The  former  gronp  will  he 
the  one  first  considered. 

933.  The  Colour  of  the  skin  exists  in  tbu  Epidermis  only ;  and  it 
depends  upon  the  admixture  of  pufment-ceU*  with  the  ordinary  epidennic 
cells  (Purac.  OP  Gen.  Pfiys.);  all  the  varied  hues  presented  by  the 
different  i-aeea  of  men,  Ijcing  due  to  the  relative  amount  of  tb(se  oAW 
and  to  the  pirticulai'  tint  of  the  pigment  which  they  form.  It  would  be 
ea^,  by  selecting  well-marked  specimens  of  each  race,  to  make  it  appear 
that  colour  affords  a  character  sufficiently  distinctive  for  their  separationi; 
thus,  for  example,  the  fair  and  ruddy  8axon,  tlio  jet-black  Negro,  the  olire 
Mongolian,  and  the  copper-coloured  North  American,  might  be  conad«red 
to  be  positively  separuted  from  each  other  by  this  character, — propagsXcd. 
as  it  aeems  to  be,  with  little  or  no  jierceptiblc  change,  from  generation  U> 
generation.  But  altiiough  such  might  appear  to  be  the  clear  and  obvious 
result  of  a  comiwiriaon  of  this  kind,  yet  a  more  mrefiil  and  conqii 
tensive  survey  tends  to  break-down  the  barrier  that  would  be  tlitu 

'•The  vbole  of  this  InveMigutiuD  iuta  bwn  most  slsbontd;,  and  in  ttia  Anlbo'* 
,  opinion  must  snowsHfnlly  work  ail- on  I  by  Dr.  PricKiuvl,  iu  hU  profunad  and  phikao^iknl 
Twatiitc  iin  the  'TLjiriail  Hisliirj  of  Mmi."  Kor  s  more  ounrise  tob  of  Dr.  Priefcinl'i 
argumcD^  with  !Kimc  ibiditroua!  c\>[iidclenilionfl  not  CTubraced  in  it,  UiB  Aulbor  nuj  kSmi  to 
his  own  Article  on  the  *  Variolies  of  the  Huiaan  SpeciHH,'  id  tliv  "Cyolpp.  of  AuaL  cad 
Phya.,"*  vol.  IT.— See  also  Dr.  K.  O.  Lnthun'B  "Natanl  BiMorj  of  Uic  Tuictioi  it 
Manf  and  Ui«  nborter  «i«y  on  the  '  Yuirtia  uf  Ihe  Bumiui  Specica.' ■■  On*>  "aidasf 
the  Seiencea,"  voJ.  i. 
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.blbhod  For,  ou  tracing  thU  character  througU  the  entire  family  of 
ilaii,  we  find  the  isolated  specinieiis  jiist  noticed  to  l)e  connected  by  such 
a  series  of  links,  rmd  the  transition  from  one  to  the  other  to  ha  bo  very 
grsduul,  thftl  it  is  inifiowihie  to  m.y  where  tht>  lines  are  to  be  drawn 
betwi'cn  them.  There  is  nothing  hero,  then,  which  ut  all  approachm  to 
Kiai'  fixed  anil  definite  marks,  that  lire  always  held  to  he  i-eqnisite  for 
e  establishment  of  apecitie  distinctions  among  other  tribes  of  unimuls. 
il3-t-.  But  further,  there  is  abundant  evidence  that  these  <listinctions 
are  fiir  from  being  constantly  maintained,  even  hi  nuy  one  race.  For 
among  all  the  principal  Hubdivisiona,  rdbbwifm,  or  the  absence  of  pigmeiit- 
oetts,  occasionally  prc^sents  itself;  so  that  tlic  fair  skin  of  the  European 
may  present  itself  in  the  otfepring  of  the  Negro  or  of  the  Red  Man.*  On 
other  hand,  instances  are  by  no  means  rare,  of  the  unttsuiJ  derclop- 
of  pigment^oells  in  individuals  of  the  fair-skinned  races ;  so  that 
of  the  body  are  of  a  dark  rod  or  brown  hue,  or  are  oven  quite  black, 
modifications  may  seem  of  little  im[H>rtance  to  the  argument;  since 
are  confined  to  individuals,  and  may  be  put  nside  as  uccidental. 
there  li  ample  evidence  that  analogous  changes  may  take  place  iu 
of  time,  which  tend  to  produce  a  great  variety  of  shadwi  i>f 
the  descendants  of  any  one  stock.  Thus,  iu  the  great  Irido- 
ropean  family  (part  of  the  Civu'^iixian  race  of  Elumcnbach),  which  may 
be  uuiiiiestionabiy  regardeil  as  having  hud  a  common  origin,  we  find  triljea 
with  fair  comjilesion.  yellow  hair,  and  bine  eyes, — others  presenting  the 
XJUithoiis  or  olive  hue, — and  others  decidedly  black.  A  Bimilar  diversity 
be  seen  among  the  American  races,  which  arc  ecjually  referable  to 
le  common  stuck ;  and  it  exists  to  ueai'ly  the  same  extent  among  the 
African  nations,  which  appear  to  be  similarly  related  to  each  other.  It 
,y  bu  freely  admitted  that,  among  European  coloniats  settleil  in  hot 
.ates,  Bwch  changes  do  not  present  themselves  within  a  few  generations ; 
t  in  many  well-known  instances  of  earlier  colonization,  thoy  are  very 
early  manileated.  Thus  the  wide  dispersion  of  the  Jewish  nation,  and 
,eir  remarkable  isolation  {maintained  by  their  religions  observances) 
from  the  people  among  whom  they  live,  render  thcni  peculiarly  appro- 
priate subjects  for  such  observations;  and  we  accordingly  find  that  the 
brunette  complexion  and  dark  hair,  which  are  usually  regarded  as  charac- 
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A  TETj  coriout  e;tBniple  of  eliangc  of  co/our  in  a  Nsfiro.  lim  been  iwentlj  recorJed 
[  onqncationable  anthority.^Tlu^  Eutject  of  it  in  a  negio  ilave  in  Kentnck;,  atL  42,  who 
wu  Iwm  of  blouk  [uirunls,  Hnd  wiu  himEKlf  perfectly  hloi'k   until  12  jaars  of  age.      At 
that  tiojc,  n  portioli  uf  the  akin,  an  tnuh  wKlti,  ebcircljng  the  tironiniQ  juat  wjthia  the 
«]ge  of  the  Uair,  ^jncluolly  ohau^ed  to  vbiti? ;  nlno  the  hair  iiccnpyin^  that  locality.     A 
vlule  spot  next  appeared  near  tbe  iuDi^  cantbua  of  the  left  eye ;  anil  from  tliia  the  white 
eoUmr  gmliwlly  eitended  over  tlit'  het:,  trunk,  and  eitrutuitlps,   until  it  cuvered  Ihe 
vatire  sarfiiae.     The  complete  change  from  blai'k  tu  wbitti  o*^cupieJ  abont  ton  yernn;  and 
jbut  lor  bin  hair,  which  vaa  crisped  or  wixilly,  no  vws  wonld  bnvo  supposed  ut  this  time 
at  hii  giru^niton  hul  offered  nnynf  tba  chanuifriBtii^B  of  the  Negro,  his  ikin  presenting 
e  heaJlIi;  caacular  nppeannce  of  that  of  a  /air^compltrioaed  Ruropean.     Vhen  he  'as 
oat  22  years  of  ngo,  however,  diu-k  coii/iCT-mlfrarrd  ot  brown  sputa  began  to  appear  oa 
1  Gice  and  himils;  hat  these  hnye  remained  limited  to  the  portions  of  the  surface  expend 
br>  li^ht.      About  the  tirae  that  the  blaek  colour  of  bis  ekin  began  to  dli4appear,  he  com- 
pletely lost  his  sense  of  timell  (§  T13  net/);  and  ninre  be  has  Ijeeome  white,  hi'  has  bad 
meulea  and  booping-c<iugli  a  second  time,     <See  Dr.  Qutchinsiiii'q  m^-tiiint  '-f  this  aise,  in 
the  "  Amer.  Jonni.  of  Med.  Soi.,"  Jan.,  I8S2.) — A  ease  nC  partial  disnpjieajance  of  the 
I       black  colour  of  the  Negro's  Skin  was  brought  by  Dr.  Inman  before  the  ZoologioJ  Section  ot 
^Kbs  BritiBb  AESoeiation  at  Liverpool,  Sept.,  18S1. 
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teristic  of  that  race,  are  fitipendy  supi-rs^led,  in  tlie  Jew?  of  Northwn 
Eiiro[)e,  bv  red  or  hrowii  hnir  and  lliir  coniplcxion ;  whilst  the  Jews  who 
settlcxl  in  India  some  centuries  ago,  have  become  as  durk  ae  the  Hindi 
orouiid  them. 

935.  The  relation  of  the  complexions  of  the  diflerent  races  of  Men  to 
the  climates  they  respectively  inhabit,  is  cleai-ly  established  by  an  extendi 
coiniM-rative  survey  of  both.  From  such  a  survey  the  conclu^on  is 
evitulile,  thiit  the  intertropical  region  of  the  earth  in  the  principal  seat 
the  darkest  races  of  Men ;  whiUt  the  region  remote  from  the  tropica  ia 
that  of  the  fairer  racevj  and  that  the  climates  approaching  the  tropics  an 
generally  inhabited  by  nations  which  are  of  an  intermediate  complexion. 
To  this  observation  it  may  be  added,  that  high  mountains,  and  eountrtes 
of  great  elevation,  are  generally  inhabited  by  people  of  a  lighter  ontour 
than  ai-e  those  of  which  the  level  ia  low,  such  us  swampy  or  aand« 
plains  u[>on  the  sea-coast.  Tliese  distinctious  are  particularly  well  seen 
in  A  fi-jpiL,  where  the  troi'ics  almost  exactly  mark-out  the  limits  of  the 
block  complexion  of  the  iuhnbitants;  and  where  tie  dee|M:«t  hue  is  to 
be  seen  among  the  Negroes  of  the  tiuineji  Coast,  whose  residence  unite* 
both  the  conditions  just  mentioned ;  whilst  the  mountainous  regions  in 
their  immediate  vicinity  are  inhabited  by  ti-ihes  of  a  much  lighter  aspect. 

936.  The  nature  of  the  Hair  is,  jwrhaps,  one  of  the  most  pormaiiient 
uharacteristics  of  diflerent  races.  In  regard  to  its  colour,  the  same  state- 
ments apply,  as  those  Just  made  with  resjiect  t«  the  colour  of  the  skin; 
tlio  variety  of  hue  being  given  by  pigmentr^ells,  which  may  bo  more  or 
loss  developed  under  different  circumstances.  But  it  has  been  thought 
that  its  texture  afforded  a  more  valid  ground  of  distinction ;  and  it  ia 
commonly  said,  tliat  the  substance  which  grows  on  tlie  head  of  the 
Ati-icon  racesi,  and  of  some  other  dark-coloured  tnbes  (chiefly  inliabitiiij 
tropical  climates),  is  wool,  and  not  hair.  This,  however,  is  nltogetho'  a 
nmtake;  for  microscopic  examination  clearly  dttmonstrates,  that  the  hair 
of  the  Negro  has  exactly  the  same  structure  with  that  of  the  European; 
and  that  it  does  not  hear  any  resemblance  to  wool,  save  in  its  crisfincB 
and  tendency  to  curL  Moreover,  even  this  cbantcter  is  fiir  from  bfllSg 
a  constant  one;  for,  whilst  Euro]<eans  are  not  unfrcqui'ntly  tu  be  uwt 
with,  whose  hair  is  nearly  as  crtap  aa  that  of  the  Negro,  there  is  a  gmt 
variety  amongst  the  Negro  races  themselves,  which  pi*sent  every  gnwla- 
tion  from  a  completely-crisp  (or  what  is  tenned  wo<>lly)  hair,  to  mordj 
curled  or  evtn  flowing  locks."  A  similar  observation  holds-good  in  r^ird 
to  the  natives  of  the  islands  of  the  gi-tat  Southern  Ocean,  where  some 
individuals  possess  crisp  hair,  whilst  others.  i:>f  the  same  race,  have  it 
merely  curled. — It  is  evident,  then,  that  no  charseters  can  be  drawn  fmm 
the  colour  or  texture  of  the  hair  in  Man,  sufficiently  fixed  anil  definite 
to  serve  for  the  distinction  of  races;  arid  this  view  is  liomc-out  by  the 
evident  influence  of  climate,  in  prwluciug  cliangea  iu  the  haitr  coveriitf 
of  almost  every  race  of  ilomestic  animals ;  such  changes  often  manilMtii^ 

*  It  u  ■  yfry  commou  mistake,  capemnlly  in  ihc  tJniled  fitkti^  to  cfiniuler  Ki^n  ■ 
■jmon^^mnUB  ••lilji  African,  So  for  ii  tliie  from  being  the  fiui.  thai,  w  Dr.  I^tfc—  jul|) 
reniarka.  "  the  true  Nvgro  urea,  the  area  ui*ii[.in]  liy  nii-n  ..if  lluj  liUck  ikin,  thii<^  hft, 
■nil  wDollj  hnir,  is  oideedingly  hidkII  ;  an  htiihII  in  propurtioii  lu  tlie  nwl  uf  Uu  hhiiIiwIl 
u  tlie  area  nr  the  <li«ltii7t  <if  tha  atiuileil  Ujperbureaiis  in  in  Aiia,  ut  lliat  of  the  Luu  ■■ 
Bunipc."     (Seegj  BS6,  9Gfl.) 
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themselves  in  tlie  very  individuals  that  have  been  transported  from  one 
countiy  to  another,  and  yet  more  diatinctly  in  aucteeding  gf'nt'mtionB. 

037.  It  has  been  supposed  that  Turieties  in  the  conlignration  of  the 
Skeleton  would  afibnl  characters  for  the  sejiaration  of  the  Human  races. 
Inorc  fixed  aud  definite  than  those  derived  from  difierencai  in  the  form, 
colour,  or  texture  of  the  soft  parts  whieh  clothe  it:  &nd  iittentiou  has 
been  particularly  directed  to  the  siuJl  and  the  pdvis,  ns  aiTordiug  such 
characterH.  It  has  been  generally  loiil-down  as  a  fundamental  priuciple, 
that  all  those  nation-i  which  are  found  to  resemble  each  other  in  the 
shape  of  their  heads,  must  needs  be  moro  nearly  related  to  each  other, 
than  they  are  U>  tribes  of  Men  which  differ  from  them  iu  this  particular. 
But  if  this  principle  be  idgoroiigly  carried-out,  it  will  tend  to  bring 
together  races  which  inhabit  parts  of  the  globe  very  remote  from  each 
other,  and  which  have  no  other  mark  of  affinity  wliatever:  whilst,  on 
the  other  hand,  it  will  often  tend  to  sejiarate  races  which  every  other 
character  would  lead  iis  to  bring  together.  It  is  to  be  reniemljered, 
moreover,  tlmt  tlie  varieties  in  the  confonnatiou  of  the  skeleton,  pre- 
Hentetl  by  the  breeds  of  domesticated  animals,  are  at  leai^t  equal  to  those 
which  arc  manifested  in  the  conformation  and  colour  of  their  Boft,  parts; 
and  we  might  reasonably  expect,  therefore,  to  meet  with  similar  varia- 
tions among  the  Human  races.  It  is  probable,  however,  that  climate  has 
not  so  much  infiuenee  in  producing  such  changes  in  the  configuration  of 
thebody,a«the  peculiar  habits  and  modeof  life  of  the  different  races ;  and 
Dr.  Prichard  hiw  pointed-out  a  very  remarkable  relation  of  this  kind,  in 
regard  to  the  three  princifial  tyj>e8  of  form  ])re3ented  by  the  Skull. 

938.  Among  the  nitlest  tribes  of  Men,  hunters  and  savnge  inhabitants 
of  forests,  dependent  for  their  supply  of  food  on  the  ncoidental  produce 
of  the  soil  or  on  the  ehniWi^rtmong  whom  are  the  most  degraded  of  tho 
African  nations,  and  the  Australian  Bavages, — a  form  of  head  is  prevalent. 


?ifl.  IGO. 


PidSIb  wd  IhbI  lianortlie  FngaaOuiiu  SluO  oltStgro. 

which  is  most  aptly  distinguished  by  the  term  proipiailiotm,  indicating  a 
prolongation  or  forward-extension  of  the  jaws  (Fig.  150).  This  character 
ia  most  strongly  marked  in  the  N^rocs  of  the  Gold  Coast,  whose  akuUs 
are  usually  so  formed  as  to  give  the  idea  of  lateral  coropreBsion.     The 
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temporal  niascW  bnve  a  great  t'xtflit.  rising  Kigh  on  die  pari«t&l 
the  dieek-lKincs  jwoject  forwarJ.  and  not  outward;  the  njijier 
leTigthened  and  projects  forwardB,  giving  a  similar  projection  to 
alveolar  ridge  and  to  the  t<«th ;  and  thu  lower  jaw  has  somewhat  of 
name  oblique  projection,  so  that  the  up|>er  and  lower  incisor  teeth  are 
at  an  obtuse  angle  to  each  other,  instead  of  being  nearly  in 
planea,  as  in  the  EurC'pean,  From  the  shape  of  the  upiur  jaw  nlnna. 
would  result  a  marked  diminution  in  the  facial  angle,  mea&iircd  according 
to  tho  method  of  Camper;  but  this  diminution  is  far  frnin  lieing  suffi- 
cient to  approximate  iJie  Ethiopisji  nuxa  to  tbe  higher  Apes,  as  sonw 
have  Ruppc»ed  it  to  be  (§  8).  Independently  of  the  dimiuutiou  nf  the 
facial  angle,  resulting  troni  the  projection  of  the  upper  javf,  it  is  quit* 
certain  tliat,  in  the  typical  prognathous  skull,  there  is  a  want  of  elevm- 
tion  of  the  foreheail ;  but  it  does  not  u|>j>eiir  that  there  is  a  corre^poDdiii^ 
diminution  in  the  capacity  of  the  cranial  cavity,  the  retreating  form  nf 
tbe  forehead  being  jMUlly  due  to  the  general  elongation  of  the  ekull  in 
the  antero-poaterior  direction.  Nor  ia  it  true,  as  stated  by  sonic,  that 
the  position  of  the  foramen  magnum  in  the  Negro  is  decidedly  behind 
that  which  it  holds  in  the  European,  in  this  rea|>ect  approaching  that  of 
the  Apes  (§  2):  since,  if  due  ollowanee  be  made  for  the  projection  of  the 
upper  jaw,  this  aperture  is  found  to  have  the  same  position  in  th^  prog- 
nathous skull  aa  in  the  oval  one,  namely,  exactly  behind  tbe  transveni 
line  bisecting  the  ant«ro-po8t«irior  diameter  of  the  base  of  the  craninm. 
The  prognathous  skull  is  further  remarkable  for  the  large  developnient  of 
the  parte  connected  with  the  organs  of  sense,  especially  those  of  atnetl  and 
hearing.  The  ajierture  of  the  nostrils  is  very  wide,  and  the  internal  space 
allowed  for  the  distribution  of  the  olfactory  nerve,  is  much  larger  than 
in  most  European  heads;  the  posterior  openings  of  the  nasal  cavity  ue 
not  leas  remarkable  for  their  width,  than  the  anterior.  The  exwntal 
auditory  meatus  is  also  peculiarly  wide  and  spacious;  and  the  ortntal 
cavities  have  been  thought  to  be  oi'  more  than  ordinary  capacitv',' 
this  lost  is  by  no  meaiL'i  a  constAnt  character. 

930.  A  Beci>nd  tyj>e  of  cranial  conformation,  very  differeut  from  the 
ceding,  belongs  priucijMilly  to  the  Nomadic  races,  who  wander  with 
henls  and  llocka  over  vast  phiiua ;  and  to  the  tribes  who  creep  along  the 
nhores  of  the  Icy  Sea,  and  live  partly  by  fishing,  and  in  port  on  the  flesh 
of  their  reindeer.  This  form,  designated  by  Dr.  Prichanl  as  tbe  pyramiM 
(Fig.  151),  is  typically  exhibited  by  various  nations  of  Northern  aw) 
Central  Asia;  and  ia  seen,  in  an  exaggerated  degree,  iu  the  &quiiuaiU' 
Its  most  striking  character  is  the  lateral  or  outwanl  projection  of  tlw 
zygoma,  which  is  due  to  the  form  of  the  malar  bones.  These  do  uot  pro- 
ject forwards  and  downwards  imder  the  pjis,  aa  in  the  prognathons  ukuU, 
but  take  a  lateral  or  outward  direction,  forming,  with  the  zj-goraatic 
ceaa  of  the  temporal  bone,  a  hu'ge  rounded  sweep  or  segment  of  ■  c 
From  this,  in  connection  with  the  naiTowness  of  the  forehead,  it  ramll 
that  lines  drawn  from  the  zygomatic  arches,  toueliiug  the  t«nipltt  c£ 
cither  side,  inst«ad  of  being  pandlel  (na  in  EuropeanB),  meet  oivr  Ibt 
forehead,  so  as  to  form  with  the  liaaia  a  triangular  figure.  The  upper 
part  of  the  iace  being  remarkably  flat,  the  nose  also  being  flat,  and  tlw 
naaal  bonea.  as  well  as  the  sjmicc  between  the  eyebrows,  being  iiMrly  oo 
the  same  plane  with  the  cheek-bones,  the  triangular  space  bounded 
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Ins4n  lines  may  Iw  ciitiii'areil  tf>  one  of  Ihe  feces  ol'  a  pyraiiiid.    The  orliits 
large  aniJ  (l«|);  and  the  [leuiilinr  eon tbniiutioii  i\{  the  lioups  which 


Piu.  131, 


Front  koJ  bkuA  vi?*n  af  lliv  fi/nimt,lal  aJnlt  of  hd  Riqulriuiu^ 

.iTDund  il,  gives  to  the  aperture  of  the  lids  aa  apearaace  of  obliqnify, 

inner  luigle  secniing  to  be  directed  downwnrtlR.     The  wliole  face, 

of  presenting  an  oval  form,  aa  in  roost  Europeans  and  AfrioftnR,  is 

a  lo7£nge-aha|ie.      The  gi-eater  relative  ileyi'lopineut  of  the  zygomatic 

ineg.  and  of  the  bones  of  the  face  altogether,  when  con»)jared  with   the 

pacity  of  the  cranium,  indicates  in  tlie  pyramidal  skull  a  more  ample 

tcnaionof  the  orgajissuWrvient  to  sensation;  the  same  efl'ect  being  thus 

luced  by  lateral  expansion,  as  by  the  forward  extension  of  the  feoinl 

<nes  iu  the  prognathous  skulls. 

940.  The  moat  civilir^d  races, — tboee  which  live  by  agriculture  and 

arts  of  cultivated  life, — all 

»  most  intellectual  ly-iin  proved  Pw.  162. 

ations  of  Europe  and  Aaia,^ 

have  a  shape  of  the  head  which 

differs  from  both  the  preceding, 

and     which     may    he     t*mied 

Lvval  or  ellipfic'il.     This  at  once 

Ippi-oves  itself  as  a  more  syni- 

Iroetriciil  form ;  no  part  having 

Imn  excessive  prominence;  whilst, 

t'on  tile  other  hand,  there  is  no- 

L-wliere  an  apfiearanee  of  imdue 

'  flattening  or  compreBSion.    The 

I  head  is  altogether  of  a  rounder 

shape  than  iu  the  other  varieties, 

L&ud   the   forehead   m   more  ex- 

nded ;    while    the    maiillary 

ottea  and  the  zygomatic  arches  orai  stuu  at*  Bnrupnui. 

1  HO  formed,  as  to  give  the  face 

in  oval  shape,  nearly  on  a  plane  with  the  forehead  and  cheek-hones,  and 
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not  projwtinf  towards  tlii;  lower  part  Owing  to  the  moi*  perpemJl 
direction  of  the  alveolar  prowsaea,  tJie  front  t*eth  are  dsed  in  p 
wliich  are  neai-ly  or  "^uit*  parallel  to  each  other.  The  prineipal  f«Attm9 
ill  this  form  of  eninium  are  thus  of  a  negative  characvt-r;  Uie  chief 
positive  distinction  la  the  large  development  of  the  cranial  cavity,  and 
especially  the  fulness  and  elevation  of  the  forehead,  in  proportion  to 
the  size  of  the  face; — indicating  the  predominance  of  the  intvlletrtoal 
powers,  over  those  merely  inatinclive  propensities  which  are  morr 
directly  connected  with  sensations  Among  European  n&tioDs,  thr 
Greeks  have  probahly  displayed  the  greatest  ^mmetry  and  perfection 
in  the  form  of  the  h^d ;  bnt  various  departures  may  Ije  traced  towaid» 
the  preceding  forms,  when  we  comjnre  the  crania  of  different  raoes,  and 
even  of  individuaJs,  belonging  to  the  same  stock, — some  appmoching  tiw 
pyramidal  form  of  the  Northern  Asifitics,  whilst  others  approximate  to 
the  prognathous  type  of  the  Negro. 

911.  The  influence  of  habits  of  life,  continuetl  from  generaUon 
generation,  njion  the  form  of  the  head,  is  remarkably  evinced  bv  t 
transition  fkim  one  type  to  another,  which  niay  be  observed  in  naiici 
that  have  undergone  a  change  in  their  mnnnera  and  cnstoms,  and  ha 
made  an  a<.lvance  in  civilization.  Thus,  to  mention  but  one  instonoei 
the  Turks  at  present  inhuliiting  the  Ottoman  and  Persian  empires,  are  lut- 
doubte<lly  descended  from  the  same  stock  with  those  nomadic  races  whkfe 
are  still  spread  through  Central  Asia  {§  053).  The  former,  how«iw, 
having  conquered  the  eountriea  which  they  now  inhabit,  eight  crnturis 
since,  have  gradually  aettlod-down  to  the  fixed  and  regular  habite  of  the 
Indo-Enropean  race,  and  have  made  corresponding  advanoes  in  civilin- 
tiou;  whilst  the  latter  have  continued  their  wandei-ing  mode  of  life^  and 
can  scarcely  be  said  to  have  made  any  decided  advance  during  thi-  cain« 
interval  Now  the  long-since-civilized  Turks  have  undergone  a  complete 
transformation  into  the  likeness  of  Enropcana;  whilst  their  nomadic 
relatives  retain  the  pyramidal  coniignration  of  the  eknll  in  a  very 
marked  degree.  Some  have  attrihuted  this  cliange  in  the  pbysjcd 
etzTicture  of  the  Turkish  I'acc,  to  the  introduction  of  Circassian  slaves 
into  the  harems  of  the  Turks ;  hut  tliis  could  only  affect  the  opulent  and 
powerful  amongst  the  I'ace ;  and  the  great  mass  of  the  Turkish  popntalion 
have  always  intermanied  among  theniselvca.  The  ditferencc  of  relifioa 
and  manners  must  have  kept  them  separate  from  those  Greeks  whom 
they  sulnlued  in  the  new  Ottoman  countriw;  as  in  Peraia,  the  Tajiks,  or 
real  Persians,  still  i-euiain  quite  distinct  fnjm  their  Turkish  nilem,  i»- 
longing  to  a  different  sect  among  the  Sluaaulmans,  and  commonlv  living 
apart  from  them. — In  like  maimer,  even  the  Negro  head  and  fiice  in«y 
become  assimilated  to  the  European,  by  long  subjection  to  similar  in- 
fluences; thus,  in  some  of  our  older  West  Lidian  Colonies,  it  is 
uncommon  to  meet  with  Negroes,  the  descendants  of  those  first  intro- 
duced there,  who  exhibit  a  very  European  physiognomy;  and  it  lias  Bven 
been  aasorted  that  a  Negro  belonging  to  the  Dutch  portion  of  Guiana 
may  be  distinguished  from  another  belonging  to  the  British  !>e(tlcmi»ita. 
hy  the  similarity  of  the  features  and  expression  of  each,  to  Ihusc  which 
respectively  characterize  his  masters.  The  effect  could  not  be  Iiers  pnv 
dnoed  hy  the  intermixture  of  bloods,  since  this  would  1*  niode  appaROl 
by  alteration  of  colour.— But  not  only  niay  the  pyramidal  and 
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tlious  bypea  be  elevated  towarda  the  elliptical;  the  elliptical  may  lie 
dognwled  towards  cither  of  these.  Want,  Hquiilor,  aiid  ignorance,  have  a 
specinl  tendeucy  to  induce  that  diminution  of  the  cinuiial  portion  of  the 
skall,  and  that  incrcntiB  of  the  facial,  which  characterize  the  prognnihons 
typo ;  ns  cannot  hut  be  observed  by  any  one  who  tolcea  Sin  accurate  and 
candid  survey  of  the  condition  of  the  most  degiTuled  part  of  the  popu- 
lation of  the  great  towns  of  this  country,  but  aa  is  »eeD  to  be  pi-e- 
eminently  the  case  witli  regard  to  the  lowest  claases  of  Irish  immigrants.* 
A  certain  degree  of  retrogresaion  to  the  pyramitlal  ty|ie,  is  also  to  be 
noticed  among  the  Dommlic  tribes  which  are  to  he  found  in  every 
civilized  community.  Among  these,  as  has  been  remarked  by  a  very 
acute  observer.t  "  According  as  they  partake  more  or  leas  of  the  purely 
vagaboud  iiiiturc,  doing  nothing  whatsoever  for  their  living,  but  moving 
from  place  to  place,  preying  on  the  earuiugs  of  the  more  indimtriouB 
portion  of  the  community,  ao  will  the  attributes  of  the  nomade  races 
be  found  more  or  leaa  marked  in  them ;  and  they  are  aU  more  or  less 
distinguished  for  their  high  cheek-honea  and  protruding  jaws;"  thus 
showing  that  kind  of  mixture  of  the  pyramidal  with  the  prognatLoua 
type,  which  ia  to  be  seen  among  the  lowest  of  the  Indian  and  Malayo- 
Polynesian  racea. 

943.  Kext  to  the  oharacteni  derived  from  the  form  of  the  head,  those 
which  are  fouuded  upon  the  farm  of  the  pdvig  eeem  entitled  to  rank. 
These  liave  been  ptLrticidarly  examined  by  Prolesaors  Vrolik  and  Weber, 
Tlie  former  was  led  by  his  examinations  of  this  ]iart  of  the  skeletoD, 
to  consider  tliat  the  pelvis  of  the  Negress,  and  still  more  tliat  of  the 
female  Hottentot,  approximates  to  that  of  the  Bimicc  in  its  general 
configuration;  especially  in  its  length  and  narrowness, — the  iliac  bones 
having  a  more  vertical  position,  so  that  the  anterior  spines  approach  one 
nnother  much  more  closely  than  they  do  in  the  European;  and  the 
sacrum  also  being  longer  and  narrower.  On  the  other  hand.  Prof  WeberJ 
concludes,  fi'om  a  moi'e  compreheiwive  survey,  that  no  particular  ligure 
ia  a  pernianeut  characteristic  of  any  one  race.  He  groups  the  principal 
varieties  which  he  haa  met-with,  according  to  the  form  of  the  up[ier 
opening,  into  oval,  round,  four-tuded,  and  wcdge-sliapeii.  The  first 
of  these  is  most  fi-equent  in  the  Euro[)ean  races;  the  second,  among 
the  American  races ;  the  third,  most  common  among  the  Mongolian 
natiouH,  correspoudt<  remarkably  with  their  form  of  head;  wliilst  the 
lost  cliicfly  occurs  among  the  races  of  Africa,  and  la  iu  like  nuuiuer 
conformable  with  the  oblong  compressed  form  usually  presented  by  their 
cranium.  But  although  there  are  particular  shapes  widch  are  most 
prevalent  in  each  race,  yet  there  are  numerous  individual  deviations, 
of  such  a  nature  that  eveiy  variety  of  form  presents  itself  occasionally  in 
any  given  race. 

943.  Other  variations  have  been  observed  by  anatomists,  between 
the  diiferent  races  of  Man,  in  the  relative  length  of  the  bones,  and  in 
the  shape  of  the  limba;  but  these  also  seem  to  have  reference  to  the 
degree  of  civilization,  and  to  the  regularity  of  the  supply  of  wholesome 

*  See  the  "  Dnblin  UaiTenitT  Ma^nse,"  Ito.  tItuL 
+  Mr.  Utuiry  Msyhsw,  in  "  LuqJud  Lobour  ouiJ  the  Loadoo  Poor,"  p.  2. 
I  "  Dio  Lchre  viin  dan  Ur-  anil  Eawnfornieo  der  S-hatilel  unci  Beoken  clofl  MenMhen;" 
DiuwelJorf,  1830. 
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nutriment  It  is  generally  to  bo  observed  that  the  taow  Icmst  imprOTed 
by  ci^-iliiatioo,  lite  the  iinciiltiYattd  breeds  of  anim&ls,  have  slender, 
lean,  »nil  elongated  liuUi;  this  may  be  especiidly  tvniarke<l  in  tlie 
natives  df  AuBlralia.  In  nearly  all  the  less  civilized  nuxs  of  Mt-n,  the 
limlm  are  more  cr<K>ked  and  biully-fdniied  thfin  the  average  of  IImmd  of 
Eurojieaus;  and  this  is  pnrticuJiu-ly  the  case  m  the  Se/gro,  tLe  bon^  of 
whose  legs  bow  outwards,  and  ^t-hose  feet  are  remarkably  flat.  It  lias 
been  generally  believefL  that  the  length  of  the  fore-arm  in  the  Negro  is 
BO  milch  greater  than  in  the  European,  as  to  constitute  a  renl  character 
of  approximation  to  the  Apes.  The  difference,  howt^ver,  b  in  realin 
extremely  slight;  and  is  not  at  all  oomparahle  with  that  which  exist* 
between  the  most  uncultivated  raoes  of  Men  and  the  highest  Ape« 
{§  5).  And  in  r&gTkr^l  to  all  thu  peculiarities  here  ulluded-tA,  it  is  to  b« 
observed,  that  they  can  only  bo  discovered  by  the  oomjiarison  uf  l»rge 
nnmbers  of  one  race  with  corresponding  numl)ere  of  another;  for  iniJi- 
viduals  are  found  in  every  tribe,  j»osBt'i(aing  the  cluiracters  which  dis- 
tinguish the  majority  of  the  other  rac^  Such  peculiarities  thercfoM, 
are  totally  useless  as  the  foundation  of  tpceijk  characters;  being  liinply 
variations  from  the  ordinary  type,  resulting  from  causes  trhidi  might 
aiTcct  the  entire  race,  as  well  as  individuak.— The  connection  botwMO 
the  general  form  of  the  body,  on  the  out  hand,  and  the  degree  of  civiti- 
aition  (involving  the  regular  siijiply  of  nutrlmeat)  on  the  other,  is  mule 
apliarent,  not  merely  by  the  improvement  which  we  [lerccive  in  the 
form,  development,  and  vigour  of  the  frame,  as  we  advance  Irom  the 
lowest  to  the  moat  cultivated  of  the  Human  raixs;  but  also  by  tho 
degradation  that  is  occitsionally  to  be  niet-with  in  particular  groups  of 
the  higher  tribes,  which  have  been  subjected  for  several  generktioot  to 
tlie  influence  of  depressing  causes.  Of  such  degradivtiun,  occurring  undar 
circumstanceB  that  permit  its  successive  steps  to  be  tracBd,  w«  haiv  » 
remai'knble  example  in  the  ctmversion  of  certain  tribes  of  the  UotliutM 
race  into  Buehmen  (§  [1-58) ;  and  there  is  very  Htrong  ground  for  ike 
belief,  that  similar  iufliieuces  have  operated  at  a  more  remote  ptriod.  in 
the  production  of  the  jteculiar  chancteis  of  the  Uninea-ooBst  Ncgroot 
ami  Anstmlian  Bushmen. 

944.  Inilejii-ndfntly,  however,  of  the  olivioiia  modifring  inflnOM*  rf 
external  circumFtiinctAS.  much  allowance  must  be  made  for  that  tmdenrj 
to  ^Kiriation,  which  prcsentu  il«t-lf,  more  or  less,  in  all  thM«  r«ns  Of 
animals,  which  possi^s  such  a  oonstitiitioual  capaliility  of  tuUptAtioD  lO 
changes  in  climate,  habits  of  life,  die.  as  enables  them  t^  liw  and 
flourish  under  a  variety  of  conditions.  Thus  we  tind  that  the  oflsgiriug 
of  any  one  pair  of  doniesticateil  animals  do  not  all  prectaely  agree  among 
themselves,  or  with  their  parents,  either  in  bodily  conformation,  vt  in 
psychical  character;  but  that  individual  differences,  as  thcj  aru  ttmnl, 
exist  among  them.  Now,  as  this  tendency  to  variation  cannot  be  cl«wl* 
traced  to  any  influence  of  external  circumstances,  it  is  conunonly  di»- 
tinguiHlied  by  the  term  ■  Mpontoneous ;'  but  as  there  is  no  effect  witlwiit 
a  cause,  and  as  the  widest  (liffcreiicce  of  this  kind  jinaent  iJieaudns 
in  those  races  which  are  most  obviou.sly  aiiK-nablc  to  the  infliwnoe  rf 
extei-nnl  conditions,  we  seem  justified  in  attributing  them  to  agea^ 
oparating  unoslenHibly  upon  the  fiarents,  either  preTiondy  to  their  ij>- 
teroourse,  or  at  the  time  of  coition  (§  8S0),  or  in  the  feniaJe  during  tb 
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fteriod  of  utero-geatatioB  (§  883).  The  difference  between  wild  and 
Botneelacftted  ftnimab  in  regard  to  colour  affords  n  very  good  ilhistmtion 
■f  this  geneml  &ct;  for  the  un.iformitj'  among  the  foiTiier  is  no  less 
■emarkalile  than  the  want  of  mnstancy  nmong  the  latter;  and  whilst 
Barietj  of  colonr  stion  givea-place  to  uniformity,  when  domeatieated 
Baces  return  in  any  conaidemble  degree  towards  their  primitive  slate,* 
Wk  very  9|iee<lily  deveiopes  itseif  in  races  which  are  nndergoiug  the 
ftftuvierBe  proeesftt 

ft^U'lu.  Now  it  is  b_y  fjiking  advantage   of  those  ' Bpoutaneoua'  depnr- 

^H|tad(Bni   the   ordinary  type,  which  present  features  of  ratue  to  thu 

^pi^BK  of  domesticitt^ii  nniintils,  that  itei"  ritfs  are  developed  from  time 

Kt    time   among    iheae ;    any    atrongly-marked    peculi.arity    which    thits 

■|)pe»rs  in  only  u  single  individual,  being  usually  transmitted  to  some 

Ib  its  ofl^prinK,  aoil  being  almost  certainly  perpetuated  when  1)oth  pnreata 

Wl»  (lUtingtiLshtid  by  it,  as  happens  whi'n  the  products  of  the  first  pro- 

B^Mon  become  c&pable  of  l^reeding  with  each  otber.X — Now  tliei-e  con 

^6  "Bo  hesitation  in  admitting,  that  the  tendency  to  the  so-called  '  spoa- 

mrieuiu'  variation  prevails  in  the  Human  race  to  a  greater  degree  than 

iit  any  other;  nince  we  find  most  remarkable  liiversities  in  features, 

ci>iii]ilexion,  hair,  and  geneml  conformation,  among  the  offspring  of  the 

aune  parentage;  wliilst  more  speciid  modi li cations  of  the  ordinary  type, 

tnc^  ae  the  possession  of  sis  fingers  on  each  hand  and  of  mx  toes  on  each 

foot,  are  of  no  unfrequent  oceurrence.      Under  ordiuaiy  cii-eumstances, 

these   moiliScations  tend  to  disappear  as  often  as  they  occur;   the  free 

iitenoisture   of  those  mcmbera   of  the   mee  which   [iiis.'icss  them,  with 

lose  wliich  depart   leas  from  the  onliiiary  type,  tending  to  merge  them 

the  geuerai  average.      But  there  can  be  no  reasonable  doubt,  that  if 

lie  same  kind  of  segregation  were  practised  among  Mankind,  which  Is 

adopted  by  the  breeders  of  animals  for  the  purpose  of  perpetuiiting  a 

ticular  variety, — if,  for  example,  tlie  members  of  a  six-fingered  family 

ere  to  intennany  exclusively  with  one  another, — any  such  variety 

rouid  be  permanently  eatabUshed  as  a  new  race.      Now   if  it  be  borne 

in  mind,  tlmt  the  influence  of  a  scanty  population,  in  the  early  ages  of 

rthe  Human   race,  by  isolating  different  families  fi'om  each   other,  and 

jeausing  intermarriages  among  even  the  nearest  relatives,  would  have 

Ibeen  pi-ecisely    the   same    with    that  which   is   now   exercised  by  the 

'  Thia  ]iu  Wen  eapwi^;  nntit'ccl  in  tbe  dogs,  horsee.  fnttlc.  iiheep,  uid  lugs,  introdaced 
Vky  the  SpaDiaJxIn  mto  Sonlh  America. 

r  t  T'lo*  -""r-  T,  Bell  informa  ut  ("  Briliah  Qundrupeila,"  2ud  edit.,  p.  aOSi,  that  &ii 
AiutrnliMi  bitch,  or  diago,  in  the  Z'>ulogical  Gardens,  boA  a  litter  uf  puppies,  the  bther  of 
which  WHS  kIm  of  thm  hntH  ;  both  pnrent«  hiui  heen  Uken  iD  the  wilil  slAle ;  hoth  were 
t  of  the  UDifnmi  reJdish-browa  colonr  which  beluiiga  to  the  race,  ojid  llie  mother  iiad  never 
Jbred  before ;  but  tiio  young,  generated  in  confineraenl,  and  vo  a  lialf-dotnestiL^ated  slate, 
|were  ti\  more  or  less  spotteJ. 

t  See  the  hiatotj  of  the  introilBCtion  nf  tlie  n-n^on  breed  of  ehoep,  ciiaractcriied  by  a 
<TBtiar  confonjiation  of  ita  iimba,  in  Mfu<Gachnaetta,  given  by  Col.  HulckinAon  in  tlio 
I  ■'  Phil.  Trana."  i->x  181IJ. — A  fiimilar  account  has  been  more  latelj  given  by  Prof.  Owen 
I  (in  ■  Lntnre  delivereil  hefoto  the  Society  of  Arta,  Dec.  10,  1B61),  respectijig  the  recent 
'  introductiriii  of  b  new  breed  nf  tneriDO  aheep.  distiDgriishcd  for  the  long,  nmontb,  straight, 
ftad  aitty  ch:irMter  of  the  wonl.  Mid  now  known  aa  the  Mixnchttmp  bree<i, — In  both 
idilaaceB,  the  breed  originated  in  the  sponlaneouB  uppenrance  nf  s  male  lunb  posseoring 
the  petniliuitioB  in  question  \  from  it«  ot&pring  anch  a  selection  was  made  by  the  breeder, 
ir  la  enabled  bim  to  bring  tcRcther  male»  and  femalea,  botii  of  which  were  di»ttingiiisbed 
j^K  by  them  ;  and  in  Uicdr  progeny,  the  pecnliarities  anifonnly  appeared. 
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breeders  of  immialB,  we  see  ouo  reoRon  why  the  vatietie*  ivlii^ 
arose  eboiild  liiivn  a  much  greutur  tonileucy  to  self-] >ei-jjct nation, 
those  which  nmi;  occaflioDolly  present  tliBinselvea.  And  wlien.  too,  it 
ia  borne  in  inind,  tliiit  the  change  in  eitcnuil  conditious  induced  by 
migration,  would  thus  ojierute  Dot  oiJy  iipitu  tltc  piirentfi  but  upou 
the  ollsiiring,  aail  would  have  a  continual  iufluenoe  in  so  modilyin^ 
the  constitution  of  tlic  latter,  that  the  jreuiiliaritiea  thus  aoijuired  by 
them  would  be  transmitted  in  yet  greater  intou.sity  to  their  progeny, 
there  is  no  real  difficulty  in  accounting,  ujxrn  the  strictest  phy^olo- 
gica!  priuciples.  for  the  widest  departures  from  one  iiomnion  type  of 
conforijintitiu,  which  we  encounter  in  our  Bui-vey  of  the  ditfeivnt  Kiu:^ 
of  Maukind.* 

94G.  Hence  we  lire  led  to  conclude,  that,  so  far  oa  regards  their  As: 
lumical  structure,  there  is  no  such  dllfereuco  auioug  them  as  wO' 
justify  to  thtf  Zoologist  the  assertion  of  their  ilistinct  oi-igm.  But  furthot)^ 
although  tht  eomjHirison  of  the  stnietund  characters  of  the  Human 
docs  not  furnisli  any  positive  evidence  of  their  descent  from  a  cum- 
tnon  stock,  it  justifies  the  assertion  that  even  if  tlieii'  stocks  teen 
originally  distinct,  then;  couid  liave  Vieen  no  essential  diffi^rencc  betwe«ll 
them;  the  desceiidonla  of  any  one  sucli  stock  b<'ing  able  to  nssiune  the 
characters  of  another.  This,  as  already  remarked,  can  be  proved  by 
historical  evidence  in  regard  to  a  sufficient  niunber  of  tribes,  to  justify 
the  same  nasertion  with  respect  to  others,  whose  languages,  custom^ 
habits  of  thought,  itc.  luive  au  atfinity  sti'oDg  enough  to  wamuit  us  i 
regarding  them  as  de-se-endanta  of  the  name  stock,  whilst  their  phi-siiaf 
confonuatioQ  is  widely  different.  Each  principal  geographical  area,  which 
is  so  isolatC'd  from  others  asto  render  it  jirobalilu,  dprivri.tliat  itspopul^ 
tion  has  extended  from  one  centre, — such  as  the  Continent  of  Africa,  or 
America, — contains  races  of  very  diversilied  physicaJ  characters,  vhoae 
linguistic  affinities  moke  it  almost  ceitoin  tliat  tlioy  must  have  luul  a 
common  dcBceut;  and  thus,  in  whatever  mode  tjio  tj-pes  of  the  priuci|»il 
varieties  ore  selected,  they  are  found  to  be  connected  by  so  gradunj  a 
Beriea  of  intermediate  or  ti-niiaitional  forms,  that  it  is  impossible  to  dntr 
any  sucli  line  of  demarcation  tiotween  them,  as  woidd  be  reiiuircd  by  A 
Boundly- judging  Natiu-alist  for  the  boundary  of  distinct  sjieciea. 

047.  A  very  imjioi-tant  confirmation  of  this  view,  la  awarded  by  th9' 
eascutud  agreement  which  exists  among  the  diffei-cDt  Kaces  of  Men  ia 
regard  to  their  Physiological  history;  the  varialiomt  which  th^  present 
not  being  greater  than  those  which  we  meet-with  between  the  difierent 
individuals  of  any  one  race.  Tlius,  we  not  only  find  the  average  diimtion 
of  life  to  be  the  same  (making  allowance  for  circumstAnoea  which  aT« 
likely  to  Induce  disease)  l]ut  the  various  epochs  of  life, — such  ae  the  timn 
of  the  lirHt  and  second  dentition,  the  period  of  puberty,  the  duration  of 
pr^nancy,  the  intervahi  of  the  catameiiia,  and  the  time  of  their  final 
«!«§atlon,— presoTit  a  markeil  general  uiuformitj.  such  as  does  not  eiirt 


H 


'  For  a  nuuUrlj  digest  of  tbv  UAlDgical  ovidoiirw  fWninhed  b;  the  chutget  burwa  la 
Imve  ]>een  lima  iimdactd  uDoti);  cluaienticuteil  iuilidiiIi,  Hid  of  the  miidlfisitiirtu  wbirli  nf 
ticntar  IriU-i  nf  Hi>n  can  be  jliciwn  W  have  unjc^rgone  vilhiii  the  hiptiirie  priiid,  ns  Dr. 
Prichiinra  "PhjMimI  History  uf  M»nkincl,"  mvl  liui  "Nalnial  UiMUirj  of  Jlan  ,■"»»,  ,U^ 
tlio  BiiniioFirj  Kiven  by  tht  Antlior  in  tlio  "Cjcluii.  of  Anal,  auil  PLiWol.  "  ixiL  h^ 
j.y.  1301-13311. 
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auioiig  similar  epochs  in  the  livc-j  of  tq^ecies  tliat  nre  oearly  allied  htit  Jcd 
unquestioDftbly  diatiuct,  EHirlher,  the  different  races  of  Man  are  all 
subject  to  the  snii)«  dixeoseH,  hoth  sporadic,  endemic,  and  epidemic;  the 
only  exceptions  being  those,  in  which  the  conntitution  of  a  race  haa  ijtowh 
to  a.  certaiu  set  of  influences  (as  thnt  of  the  Negro  to  the  malnj^a  i?liicb 
general*^  cL-rtain  |)eniic-ious  fevera  in  the  European),  prodiioiug  an  herodi- 
tsry  imEQunity  in  the  race,  which  is  capable  of  being  acquired  by  indi- 
viduals of  other  races,  by  a  process  of  acclimatization  comnicneed 
sufficiently  early.* — The  most  important  |ihyaiologicftl  test,  bowover,  of 
specific  unity  or  di\'Ki'sily,  is  that  fiiridshcd  by  the  Generative  process. 
It  may  be  considered  aa  a  fundamcntid  fiiet,  rtliko  in  the  Vegetable  and 
the  Animal  kingdom  (Primc.  of  Comp.  Pbys.,  §  61.5),  that  /i;/ljrUl 
originating  in  the  sexual  connection  of  individuals  of  two  diU'ci'eut 
«7>«CT«»,d4  not  tend  to  sdf-perpetnntion;  tlip  hybrids  being  nearly  sterile 
with  eauli  other,  although  they  may  propagate  with  eitbi?r  of  their  parent- 
rncM.  in  which  the  hybrid  race  will  aoon  merge;  whilst,  on  the  other 
band,  if  the  parents  be  themselves  i'oj-irfie«of  the  same  species,  the  hybrid 
'Dstitutca  but  another  variety,  and  its  powers  of  reproilnction  are  rathei- 
icreaaed  than  diminished,  so  that  it  may  coiUinne  to  pro[<agate  it«  own 
face,  or  may  be  used  for  the  pi-oduction  of  other  varieties,  almost  ad 
'nittnn.  It  apjiears  that,  among  Plants,  hybrids  originating  between 
udoubtedly  distinct  species,  sometimes  reproduce  tliemselves  for  two  or 
thi'ee  gene  ratio  lis,  but  do  not  continue  biayond  tbe  fourth.  Amongst 
Animals,  the  limits  of  bybridity  between  jmrents  of  distinct  species  are 
more  niuTow,  since  the  hybrid  is  totally  unable  to  continue  ita  race  with 
one  of  its  own  kiud;t  and  altliongh  it  may  propagate  with  one  of  its 
parent-species,  the  progeny  will  of  couiiw  approach  in  character  to  the 
pare  breed,  and  the  race  will  ajieedily  merge  into  it.  In  Animals,  as 
among  Plants,  the  mixed  ofi'springs,  originating  from  different  races 
within  the  limits  of  the  same  species,  generally  exceed  in  vigour,  and  in 
the  tendency  to  multiply,  the  parent-races  from  which  they  are  prodiiced, 
as  to  gain-ground  upon  the  older  varieties,  and  gradually  to  supersede 
em.  ■  In  this  manner,  by  the  eroisiitg  of  the  breeds  of  our  domesticated 
uiiinals,  many  new  and  sujMirior  varieties  have  been  produced.  The 
general  principle  is,  then,  that  beings  of  distinct  species,  or  descendants 

*  Thi>  Tiew  of  Uie  iniiniiuity  of  tbe  Negro  race  from  MrtaJn  forma  of  FtTCr  \sliich  Bra 
rery  bul  Id  Burupeuiis,  is  justiGtJ,  tbv  Autbur  ItuliiiTtsB,  b;  nil  tbe  facts  Icnuwu  upim  tlie 
iiij|>ject.  Much  mu)'  be  set  dciwii,  tut  ha  ih  ueaured  by  Dr.  Dttnjell,  to  tbc  belter  aduptii- 
Uita  uf  the  fJegro  hnbitd  cf  life  to  tbeir  climnte ;  and  KiiropeaJid  who  exercise  due  ^ntiuij 
{ttpeaaUj  ia  r^an]  to  tbe  funvtiiins  of  tbe  skm),  mnj  preaerre  an  immnnitj  scnrcnly 
|£B  nnaplele.  l}r.  D.  binmelf,  baling  been  taken  ]irisuiuir  bj  one  iif  tbe  Negro  tribea 
aX  AD  early  iLge,  and  baviuj;  sjient  two  years  among  tliom,  fieeioB  to  bave  in^ii  tfiori-tugbly 
icolimatiiwl  ;  aud  bas  aubseqiiuutly  jiansed  many  ytafs  ou  the  luost  imhealtbj  jFarts  of 
the  (uaat,  without  experieuring  ikdy  Mvere  ntlui^kii  'jf  illBt^,  and  in  Ibe  eojoyment  of 
rer7  goM)  gvDoniL  boaltb. — It  Ifi  Bometimea  maintained  tbat  the  K^ro  ra<^  ponsessea 
aneK  a  eoui]ilele  eiemption  from  the  Yellow  Fever  of  the  United  Stale*,  as  marks  its 
■pei:iG<;  difference;  >ueb,  howeier,  in  uot  cunetoiilly  tbo  euai,  tunou  Negroes  occasionallj 
Buffer  &om  it ;  and  thi^ir  cinnparaiivc  immiiaity  fk^oms  fairly  attnltatable  to  tbe  conatitu- 
tional  jieculiaritj  itt^tiirrd  bj  tbt^ir  Alrican  progenitors,  and  capable  fif  being  acquired  by 
Roiapeans  also. 

-f-  Oue  III  tvu  iuataiu'ea  have  been  irtated  to  occur,  in  which  a  Mule  has  produced  off- 
quing  froni  union  vrith  a  sLmilar  animal ;  but  Ihia  la  certainly  the  oxtreme  limit,  dnce  no 
ane  biu  ayer  nuunlftmed  tbat  the  race  can  be  coutinaed  further  tlun  the  Hconil  genentioni 
vithnnt  adnuitnre  with  one  of  tbe  paient-apedea. 
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from  sUtcks  originftUy  different,  cannot  produoe  a  mixed  race  whiohi 
possess  the  aipabilitj  of  jierpeluating  itself;  whilst  the  union  of  varittUi 
has  a  tuiideupy  to  jiixkIucc  a  race  superior  in  energy  and  fertility  to  its 
pai-euts. — The  applicatiua  of  this  priuciple  to  th«  Humsin  races,  leayes  no 
doubt  with  rtispot-t  to  their  Bjwcilic  unity ;  for,  as  is  weU  known,  not  only 
do  all  the  races  of  Men  breed  freely  witii  each  other;  but  the  mixed  raee 
is  generally  superior  in  physical  development,  and  in  t«ndency  to  r&pid 
multiplication,  to  either  of  the  piu-ent-stocka ;  bo  that  there  Is  mueli 
reason  to  believe  that,  in  m&uy  countriea,  the  mixed  laoe  between  the 
Aborigines  and  European  coloniTers  will  ultimately  become  the  dominant 
power  in  the  community.  This  is  especially  the  case  in  India,  South 
America,  and  Polyneaia. 

918.  The  question  of  Ptychicat  conformity  or  difference  among  the 
Races  of  Mankind,  is  one  which  has  a  most  direct  beaiing  upon  the 
question  of  their  specitic  unity  or  diversity ;  but  it  has  an  importance  of 
its  own,  even  greater  than  that  wliich  it  derives  from  tlii*  source.  For, 
aa  has  boen  recently  argued  with greatjustica and  power,*  thcreid  Unity 
of  Maiddud  does  not  lie  in  the  <;ousauguiiiity  of  a  common  descent,  but 
has  its  Itaais  in  the  pitrticijuLtion  of  every  race  in  the  same  moral  natuir, 
and  ill  the  community  of  moral  rights  which  henee  becomes  the  privUegc 
of  all.  "  This  is  a  bond  wliich  every  man  feels  more  and  more,  the  farther 
he  advances  in  his  intellectual  and  moral  culture,  and  which  in  this  de- 
velopment is  continually  placed  upon  higher  and  higher  ground ;  80  much 
so,  tliat  the  phyHical  relation  arising  from  a  common  descent  b  finally 
lost-sight-of,  in  tlie  consciousness  of  the  higher  moral  obligations."  It  ii 
in  these  obligations,  that  the  moral  r'lf/lds  of  men  have  their  foaodstion) 
and  thus,  "  while  Africaua  have  the  liearta  and  consciences  of  human 
beings,  it  could  never  lie  right  to  treat  them  as  domestic  cattle  or  a.^  wild 
fowl,  if  it  were  ever  so  abimdautly  demonstrated  that  their  raee  was  but 
an  improved  Hj>eciea  of  ape,  and  ours  a  degenerate  kind  of  god." — Tlw 
Psychical  comparison  of  the  various  Race3  of  JIankind,  is  really,  ihore- 
fore,  in  a  practical  |ioint  of  view,  the  most  imi'oi'tiint  part  of  the  whole 
iuvohtigatiou ;  but  it  has  been,  ntivorthelesa,  the  one  most  imporiectly 
pursued,  until  the  inquiry  was  taken-u[i  by  Dr.  Prichard.  The  masa  of 
evidence  which  he  has  accumulated  on  this  subject,  however,  leaves  no 
i-eaacinablc  doubt,  that  no  more  "  imfiaasable  barrier'' really  exisla  between 
the  dillei-ent  races  with  reBj>ect  to  this,  tiian  in  regard  to  imy  of  those  potDti 
of  ostensible  diversity  which  have  Iteen  already  considered ;  the  variationi 
in  the  jwsitive  and  relative  development  of  their  reejiective  psychical 
poweiB  and  tendeuciea,  not  being  greater,  either  in  kind  or  degree,  than 
those  which  present  themaelves  between  individuals  of  our  own  or  of  aor 
other  race,  by  some  members  of  which  a  high  intellectual  and  moral 
standard  Ims  been  attained.  The  testa  by  which  we  recognise  the  claiuw 
of  the  outcast  and  degra<Ied  of  our  own  or  of  any  other  'highiy-civiliKd' 
community,  to  a  common  humanity,  are  the  same  as  those  by  which  we 
Hhould  estimate  the  true  relation  of  the  Negro,  the  Bushman,  or  the 
Australian,  to  the  cultivat«d  Europiean.  If,  on  tlie  one  hand,  we  admit 
the  inllnenci!  of  want,  ignoniuce,  and  neglect,  in  accouutiug  for  the 
debasement  of  the  savages  of  our  own  great  cities, — and  if  we  wituat 

•  Kee  the  "  Sew  Quiulfrlr  Rayiew,"  Ko,  it.  p,  131 ;  ud  aa  Article  bj  pRif. 
in  Iho  "Chrittian  Exnuiioer,"  Ikaton  (H.  K.),  1850. 
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wnie  effycte  occurring  untler  the  same  couilitions  Htuong  the  liuaL- 
of  ti.'iitlit'ni  Africa  (§  956), — we  can  scai-cely  Lisitute  in  ndmittiiig, 
Umt  the  loDg-oontiiiued  operation  of  the  anme  agencies  has  had  in\ich  to 
do  -with  tbe  ]«yehic8l  as  well  as  the  physical  dofcerioration  of  the  Nc-gro, 
Australian,  and  other  degraded  races.  So,  on  tho  othar  hand,  if  we 
elierish  the  hope  that  the  former,  so  far  from  licing  irreclaimable,  may  at 
loiut  be  brought-up  to  the  standard  from  which  they  have  def^Dorated, 
by  meana  adapted  to  dovelopo  their  intcUtiClunl  facultiiis  and  to  caU- 
Torth  the  higher  parts  of  their  moral  nature,  no  adequate  i-eason  can  be 
igned  why  the  same  method  should  not  succeed  with  the  latter,  if  em- 
■loycd  with  anflioieut  perseverance.  It  will  be  only  whoa  the  effect  of 
education,  intellectual,  moral,  and  religious,  Bhalt  have  been  fairly  tested 
by  the  experience  of  many  generations,  in  coujunctioa  with  the  influence 
of  n  i"erfect  equality  in  civilization  and  sociid  position,  that  we  shall  be 
entitled  to  apeak  of  any  essential  and  constant  (wychical  difference  be- 
e*n  ouific'lves  and  the  moat  degraded  beings  clothed  in  human  form. 
th«  evidence  which  we  at  present  [Kwaeas,  lends  to  the  belief,  that 
inder  a  vast  diversity  in  degi-ee  and  in  modes  of  manifestfttioii,  the  same 
itelloctual,  moral,  and  religious  capahUUiei  exist  in  all  the  Races  of 
kind;  30  that,  whilst  wo  may  derive  from  this  conformity  a  powei'fiil 
mieot  for  their  zoological  Unity  as  a  speciea,  we  are  also  directly  led 
rtvo^^ize  their  community  of  moral  nature  with  ourselves,  and  to 
iuit  ilium  to  a  parti cijiation  in  our  oivn  rights. 

Itl9.  Moat  important  assbtojice  is  affonlcd  in  the  determination  of 
i-eiil  affinities  of  diffeivnt  Races,  by  the  study  of  their  Lanj/itages. 
13,  liowever,  is  a  department  of  the  mcjuiry  so  fiu"  beyond  the  liiuita  of 
ysiological  acieuce,  that  it  must  be  here  dismissed  with  a  bare  mention 
of  those  results,  to  which  the  zealous  pursuit  of  it  by  a  large  number  of 
osophie  Philologists  seems  undoubtedly  to  tend. — There  can  be  no 
onable  doubt  that,  as  a  gonei'al  pi-inciple,  the  affiuitica  of  races  are 
iOro  surely  indicated  by  their  languages,  than  hytlieir  physical  features; 
ind  the  exj)erienced  philoiogbt  is  generally  able  to  discriminate  those 
.isemblanues,  wiiicli  may  have  ariaeu  out  of  the  introduction  of  words  or 
if  modes  of  construction  from  the  one  into  the  other,  by  conquest,  com- 
mercial intei-coursc,  or  absolute  intermixture,  fi;om  those  which  are  the 
result  of  a  community  of  origin.  And  ihua  are  supplied  those  means  of 
tracing  the  past  history  of  races,  which  are  seldom  aflbrdetl  by  written 
irds,  or  even  {at  least  with  any  degree  of  certainty)  by  tnuiitioual  infor- 
.tion.  It  is  to  be  borne  in  mind,  that  the  alfinitiea  of  languagea  are 
dicated,  not  merely  by  verbal  resemblance,  but  by  the  similarity  of 
their  modes  of  grammatical  construction,  or  the  methods  by  which  the 
relation  between  different  words  that  coustitute  sentences  is  indicated. 
The  most  jjositive  evidence  is  of  course  afforded,  when  a  conformity  exists 
both  in  the  vocahularien  and  iu  the  nodes  of  conxfruetion  of  two  lan- 
guages; but  it  frequently  bapjjenH  that  although  the  conformity  exists  in 
regard  to  one  of  these  aione,  yet  the  evidence  which  it  affords  is  jier- 
foctly  satistactory.  Thus,  there  are  many  cases  in  which  the  vocabtdaries 
*n;  BO  continually  undergoing  inifxirtiuit  changes  (the  want  of  written 
records  not  permitting  thcru  to  acqub'c  more  than  a  ti-aditionid  jwiTua- 
Keace),  that  their  divergence  becomes  so  groat,  even  in  the  course  of  a 
w  generations,  as  to  prevent  tribee  which  arc  by  no  means  remotely 
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daioeiided  troia  a  otmmon  ancestry,  from  understanding  one  ao' 
whilst  yet  tho  Hystein  of  gramiuatical  conatniction,  which  depends  tnure 
upon  the  grade  of  mental  development  and  u]»oa  habite  of  thought, 
exhibitti  a  remarkable  jiermanence.  Such  appears  to  be  true  of  the  entjre 
group  of  Ameri«iii  languages ;  which  seem,  an  a  whole,  to  be  legitimattly 
referuble  to  a  common  atocfc,  notwithatandiug  their  complete  verlnJ 
diversity.  On  the  other  hand,  when  two  languages  or  groups  of  Uo*. 
guagea  differ  greatly  in  couatmctiivn,  but  preitent  that  kind  of  verbsl 
correspondeDce  on  which  the  philolo^st  feck  justified  in  phicing  mnA 
reliance  (namely,  an  essential  conformity  in  those  '  primary  word;}  *  whicli 
eerve  to  represent  the  universal  ideas  of  a  people  in  the  most  simple  stab: 
of  existence),  that  correspondence  may  be  held  t«  indicate  a,  community 
of  origin,  if  it  can  be  proved  that  it  has  not  been  the  result  of  intercouTM 
between  the  two  families  of  nations  subsequently  to  their  firet  divergence, 
and  if  it  seems  probable  on  other  grounds  that  their  separation  took  pUoe 
at  a  period  when  b3  yet  the  grammatiakl  development  of  both  language! 
was  in  its  infancy.  Such  appears  to  have  been  the  case  with  certun  of 
those  grou[)s  of  languages,  whoso  distinctness  can  be  traced  back  iiia- 
torically  for  the  longest  period. — It  is  evident,  then,  that  Philological 
inquiry  must  he  looked-to  as  one  of  tho  chief  means  of  determining  the 
question  of  radiation  from  a  single  centre  or  from  niidli/ile  centres  ;  oud 
it  is  a  remarkable  tact,  that  the  linguistic  affinity  and  the  conformity  in 
physical  characters  frequently  staud  in  a  sort  of  complemental  relaUon  to 
each  other,  each  being  the  strongest  where  tlic  other  is  weakest ;  so  that, 
by  one  or  other  of  theito  linka  of  connection,  a  close  relationship  is  indi- 
catod  between  all  those  families  of  nationa,  under  which  the  seTer«l  aem 
apjiear  to  be  most  naturally  grouped. 


I 


^ 


2.  Oeneral  Survey  qfllie  Ptinapal  Va/riftiea  of  the  Human  Specie*. 

950,  The  distribution  of  the  Races  of  Mankind  under  tive  primary 
varieties,  according  to  their  I'espectivu  type»  of  cranial  conformation,  u 
first  proposed  by  Blumenbach,  Is  still  so  commonly  peceivivl,  noiwitli- 
standing  the  distinct  proof  which  has  l>een  given  of  the  fallacious  nature 
of  its  l)asL'<,  that  it  will  be  desirable  to  explain  his  terms,  and  at  the  sai 
time  to  show  how  far  the  information  subsequently  acquired  ha*  teui; 
to  modify  his  arrangement. ^ — The  fiwt  of  those  varieties,  which  is  co' 
dered  to  be  distinguished  by  the  possession  of  the  oval  or  eJUptiiial  t 
of  cranial  conformation,  was  deaigiuited  Cnucagian  by  Blumenbach.  OD 
two  grounds ;  first,  because  be  considered  the  Caucasian  jieople  (of  whum 
the  Creorgians  and  Girotssians  are  the  best-known  examples),  as  preaentiDg 
its  physical  charact«B  in  the  greatest  perfection;  and  second,  beouiae  ii 
was  supjiosed  that  the  Caucasian  range  of  mountains  might  be  rtgitnled 
as  the  centre  or  focus  of  the  races  belonging  to  it.  Neither  of  thise 
ideas,  however,  is  correct :  for  whilst  the  oval  form  of  cTWiium  is  pre- 
sented with  fully  OS  great  beauty  and  symmetry  by  the  Qnieks,  it  sesou 
now  to  be  almost  certaiidy  determinable  by  the  evidence  of  l&ngua^, 
that  the  Georgiim  and  Circassian  nations  are  really  of  Mongolian  origin, 
and  consequently  have  no  direct  relation  of  affinity  with  the  odi« 
luitions  usually  nmked  as  belonging  to  this  variety ;  and  the  uviilcoce  o* 
history  and  tradition,  so  for  from  pointing  to  the  Caucasian  nagfa  as  ibi 
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iginaJ  centre  of  radiatiou  of  the  race,  accords  with  that  of  Inngiiage  in 
EigniDg  its  locality  much  nearer  to  Central  AeIu.  It  would  be  most 
jrable,  theTcibre,  thut  some  other  designatitiu  should  ]>e  substituted 
or  that  giveu  by  Eluiueubach;  were  it  not  that  the  present  stat«  of  our 
uowlcdgo  requires  the  entire  abandonment  of  liis  tloctrinc,  that  the 
.  ogreeing  in  this  typo  of  conformation  are  uiutuiilly  connected  by 
Miiuiuuity  of  descent.  For,  even  within  the  limits  of  Europe,  we  find 
least  two  uatiouB, — the  Turka,  and  the  Magyars  or  ti-ue  Uungsrians, — 
Irliose  crania  are  characteristically  oval,  and  which  are  yet  undoubtedly 
Mongolian  origin ;  and  although  some  allowance  must  be  made,  in 
egard  to  the  change  which  bn^  taken  phicc  among  the  former,  for  the 
inlluence  of  intermixture  with  other  r&oos  yet  there  is  no  reai^oa  to 
elicve  that  any  such  induence  has  operated  among  the  Mug^-ars,  whose 
blond  seems  to  bare  been  transmitted  with  remarkable  purity  from  the 
bme  when  they  settled  in  Hungary  about  ten  centuries  since.  In  Asia, 
|r«  lind  this  type  presented  not  merely  by  the  Persian  and  other  Indo- 
o[>eau  races,  but  also  by  the  Syro-Ai-abiau,  and  by  the  larger  propoi^ 
jKoo  of  the  inhabitonta  of  Eindostau ;  yet  the  Syi'o-Arabian  races  are 
I  nearly  related  to  the  African  stock  (§  'Jii'2j,  than  to  that  from  which 
I  of  the  preiietit  inliabitants  of  Europe  have  sprang;  and  there  is  good 
to  believe  that  the  grejit  mass  of  the  existing  inhabitants  of 
,  are  of  Mongolian  descent  (§  954).     It  will  be  necessary,  therefoi-e, 

>  eonaider  the  nations  which  present  the  so-called  Caucasian  type  of 
aitninl  conformation,  under  several  distinct  heads.    No  uniformity  exists 

Fftmong  tliem  in  regard  to  colour;  for  this  character  presents  evety  inter- 
aediate  gradation  between  tlie  fiur  and  florid  tint,  with  light-red  or 
inbum  hair,  of  the  Northern  Eurojieau,  to  the  dusky  or  oven  black  hue 
the  races  bordering-ou  or  lying-between  the  Tropics.  The  hair  is 
enerally  long  and  flexible,  with  a  tendency  t-o  curl;  but  considerable 
rariety  presents  itself  with  regard  to  this  iiarlieular.  The  conformation 
the  features  approaches  more  or  leas  closely  to  that  which  we  are 

omed  to  i-egard  as  the  type  of  beauty, 
ilal.  The  tirBt  place,  in  a  more  natural  distribution  of  the  Human 
must  undoubtedly  be  given  to  that  wliich  is  desij^iiated  by  Dr. 
frichanl  aa  the  Ariini,,  and  which  is  often  tei-med  the  hidt/-E iiropewn  ; 
ncluding  the  collective  body  of  European  nations,  with   the  rersians,* 
itigliiiiiM,  and  cerfaiin  othei'  nations  of  the  south-west«m  portion  of  the 
alio  coutinent,+  near  to  which  their   original  focus  ap[)ear8   to  have 
The  great  bond  of  connection  between  these  nations,  lies  iu  tlieir 
ugunges;  which,  iu  splto  ot*  great  diversities,  present  a  cei'toiu  com- 

*  Tlie  UKideni  rvTBJaas  w  >  rerj  miicd  raeo,  in  which  TiU'kiah  uiit  Arah  elpm^ntA 

'  fttrtidjate.     The  murt  perfect  ref>rt«eEitatiTtd  of  the  iitri^ol  etock  (whuBf;  jiuritif 

rdMraM  «Kni>  t"  hare  been  muuUiuet),  from  the  time  -it  tbeir  urigin&l  migratioii  into 

betr  prcKut  lucnjil;,  by  the  phjaital  oLatticlea  vUch  have  cut  theu  uff  bom  iutenourae 

rill)  liieic  iitaroA  iiuighboon)  are  believed  to  be  the  E&firB  of  KofiriitSD,  a  fur-tdduaed 

rhuped  luue  inhubiliit^  tlie  impncticable  moantain-Fuuiitry  on  the  watenlisd  liotweea 

>  Oxu  and  the  aorth-weatvrn  saarcec  of  the  Indue.     The  Tajiks  of  Bokhkn  tin  k«ep- 
I  sncieot  Ujieage  aud  language,  olthaugb  their  cuunti;  is  ruled  by  jieopto  of  Torkiab 

he  population  of    Eihd[>stnu   has  been  commoulj  acconuled  aa  bi^Lou^g  lo  Ihis 
ImaiuD  It  but  the  luore  iutiiuute  the  knowled^  atUuueil  of  ite  i^liaracU'r  and  laugoagev,  the 
don  it  leud  to  Uie  concliuioii  ttiat  the  grvst  mau  uf  thia  popnlatiun  io  rtsall;  of 
ODg  liaa  dMCOIt  (g  654}. 
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mimity  of  character  that  ia  recoguized  by  every  pbilologisi.  For  diBT' 
aro  obviously  aJI  fomicd  npoD  the  smiic  base  with  the  ancifiit  Stinskritr  it 
tiut  ufion  the  SuDakrit  itself;  and  theyar«  united  alike  by  lumniiiaity  in 
matiy  uf  the  must  iiiiportaut  '  piimaty  wurds,'  and  by  geDeral  aiinilarity 
in  gnuuinaticnJ  coiuitriictioii.  The  existing  Lettish  or  Lithuanian  diAlect 
presents  a  very  near  approach  to  the  original  type;  and  the  Old  Pru^an, 
a  dialect  spoken  as  late  as  the  sixteenth  century,  bad  a  still  closer 
alliance  to  thu  imcient  Zend  or  Median,  which  seems  to  have  be«ii  a  very 
early  derivation  frum  the  SauRkrit,  and  which  ia  the  haais  of  the  l&D^^uage 
now  spoken  in  Peisia.  The  family  which  ia  most  disiimilar  t«  the  r^ 
(the  typical  Celt  contrasting  remarkably  with  the  tyjies  of  the  Germanic 
group,  both  in  physical  conformation  and  in  psychical  charaft*i-s.)  is  that 
which  ia  formeil  by  the  Celtic  iiatioosj  but  these  are  undo(il>teil1y.  like 
the  others,  of  Eastern  origin,  as  was  first  shown  by  Dr.  Prifhard  ;•  thou^ 
they  appi^r  to  have  detached  themaelves  from  the  common  stock  at  an 
earlier  period  in  tlie  UevBlopment  of  its  language. — But  there  is  e%-idenoc 
that,  notwitliBtaudiug  the  mntual  afliuities  of  the  Indo-Gcnnanir 
languages,  every  one  of  them  liaa  been  modified  by  the  iutroduotion  of 
extraiieona  elements:  thus,  in  those  of  Western  Earope,  there  is  »  con- 
siderable ailiiiixture  of  Celtic ;  whilst  in  others,  tliero  are  traces  of  mora 
borbiric  tuugiies.  In  fact,  there  can  be  little  doubt  that  Europe  luul  an 
indigeuouH  j>opulation,  before  the  immigration  of  the  Indo-German  of 
even  of  tbe  Celtic  tribes;  and  of  this  population  it  seems  moat  [irolnble 
that  the  Lapps  and  Pinna  of  Scandinavia,  and  the  Euskarians  (or  Basques) 
of  the  Biacayau  provinces,  are  but  the  remnant  The  former  of  Oita^ 
tribes,  which  iH  undoubtedly  of  Mongolian  origin,  once  extended  mucfa 
further  south  than  at  present;  and  witli  n^rd  to  the  latter,  whose 
nearest  linguistic  aflinitiea  ai-e  also  with  the  tongues  of  High  Asia,  there 
ia  ample  historical  proof  that  they  had  formerly  a  very  est^ngive  dbtri- 
liutiou  through  Southern  Europe,  It  would  not  seem  improbable,  then, 
that  the  advance  of  the  Indo-Euroj)eftn  tribes  from  the  suuth-cttet  comer 
into  central  Euro|)e,  sejiai'ated  tliat  portion  of  the  aboriginal  (^Mongolian) 
population  which  they  ilid  not  absoi'b  or  destroy,  iiit^  two  great  dtviuuni ; 
of  which  one  was  gradually  preaseii  northward  and  eastward,  so  as  to  b« 
restricted  to  Finland  and  Lapland;  and  the  other  southward  and  west- 
ward, so  aa  to  be  confined  at  the  earliest  historic  period  to  a  part  of  the 
peninsula  of  Spain  and  the  South  of  France,  gradually  to  l)e  driven  before 
the  successive  ii'niptlons  uf  the  Celts,  Roman.^,  Arabians,  and  uthcf 
nations,  until  their  acanty  remnant  fouad  an  enduring  refuge  in  lh« 
fmstucBsea  of  the  Pyrenees. f — The  ludo-Gcmianic  race  is  un<^ut«Lioua' 
that  which  hiut  exeivised  the  greatest  infiucncu  on  the  civili&itiou 
Old  World;  and  it  aeems  indubitably  destined  to  acquire  a 
influence  in  those  newly-found  lands,  which  have  been  discovered  by  tU 
enturprifle.  With  scarcely  an  exception,  aa  Dr.  Latham  haa  instlT  re- 
marked, the  nationa  belonging  to  it  present  an  encroaihiritf  frontier :  thcrv 
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*  "On  UiBEiBtein  Origia  dF  the  CvltiE  Nab*aiiii,"  ISSl. 

f  Tliie  liew,  whii^li  wan  eiig^at«d  hj  tht  Autbur  in  the  "  Brit.  ukI  Par.  Had.  H**- 
Oct.    1S4T,   witbonL  the  kniiwliiilue  tlut  it  hwl  bvrn  clH«h«re  prD|KnindBd,  hw 
pat-fortb  vltb  cunniJunLble  iMnliileucc  liy  Dr.   lAtbiim  ("  Varictias   uf  Hao,"  t. 
w  hkring  origiiiatel  with  Amilt  and  bwu  iulo|ii«d  b;  Bou,  diMingaiabad  Tmillimiii 
olhnolaguU. 
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sbmce  of  tt«  permiucut  didplucement  by  ouy  otlicr  race,  save 
t  of  the  Anib  liumtuioii  in  Spain,  whiclt  has  long  aiace  ceoaed; 
in  tluit  of  the  Turkiflh  dominion  in  Tui-key  and  Asia  Minor,  which  is 
eridently  dtstiued  toexpii'e  at  no  distant  period,  toeing  ujJield  formei-ely 
politiail  |)iir[)os(»  \>y  extifuieous  indutnci^;  ouJ  in  tliiit  of  tbo  Ma^'iLrs 
ill  Hungary,  who  only  inaintain  their  ground  tbro\igh  tlieir  coiujilete 
sssjmiLitiun  to  the  ludo-Ueruiunic  cbai~act<^r.  It  is  a  rf^markatile  tiii:t, 
that  iu  moat,  eiBis  iu  which  this  race  eit<?nds  itsolf  into  ooimtries 
previously  Uiuiuited  by  |jei)ple  of  an  entii-ely  lUftereut  type,  the  latter 
progressively  decline  and  at  last  disappear  licfoi-e  it,  provided  the  climate 
be  such  as  enables  it  to  maiutuiu  a  vigorous  existence;  this  is  pre- 
enunciitly  the  case  in  Nortl)  and  ^ii>uth  America,  iu  Australin,  In  New 
Zodnnd.  and  in  tnauy  of  the  sujaller  Polynesian  islauils.  And  whei-e  the 
eliinate  ia  ieaa  favourable  to  the  peqietuation  of  the  race  iu  it«  purity,  tui 
iatermixtuii^  with  the  natix-e  blood  frequently  gives  origin  to  a  mixed  race, 
which  iiosaesMes  tlie  developed  intellect  of  the  one,  and  the  cliniatic 
ada[>tiveDess  of  the  other,  luid  which  appcofs  Ukely  ultimately  to  take 
tli«  place  of  liuth, 

K952.  The  .Si/TO-Arabitin  or  Semitic  nations  agree  with  the  preceding  iu 
itsnl  physical  characters,  but  difl'er  entirely  in  the  structure  of  their  Imi- 
iige,  and  for  the  moat  part  in  vocabulary  also,  though  recent  rescai-ches 
seviii  to  indicate  that  certain  roots  of  the  >temitic  and  Indu-Gerniimic 
Luiguagea  have  a  decided  adinity.  It  seems  quite  certain,  however,  that 
tlia  Uuguistic  amities  uf  the  IScmitic  nattous  are  rather  with  the  African 
thim  with  the  Indo-Kuiopeau  races;  and  so  slroug  is  the  link  uf  cuunec- 
tiun  thus  eatabLishcd,  tliat  by  Dr.  Latham  they  arc  ranked  with  the 
lomier  under  the  genei-al  designation  Allanlidir*  whilst  Mr.  Norria, 
whose  authority  ii[n)n  all  such  subjects  is  deservedly  great,  is  slroiigly 
disjHised  (as  he  has  himself  iufonued  the  Author)  to  ooutii'ler  them  an 
utssiUially  African  pcojile. — The  origiuid  seat  of  this  race,  however,  is 
oominonly  reputed  to  have  been  that  regiou  of  Asia  wliich  is  iutennediate 
between  the  countries  of  the  Indo-European  and  of  the  £gj'ptiiui  racea; 
having  as  its  eenti-e  the  n^lon  watered  by  thegi-eat  rivers  of  Mesojiotamia. 
Several  of  the  nations  primarily  constituting  this  group  havo  become 
extinct,  or  nearly  so;  imd  the  Arala,  which  originally  foi-nied  but  one 
mbdivision  of  it,  have  now  beconie  the  dominant  race,  not  only  tlirough- 
out  the  ancient  domain  of  the  Syro- Arabian  nations,  but  also  in  Northern 
Africa.  In  the  opinion  of  BaroD  Larrey,  who  had  amjJe  opportunities 
for  observaliou,  the  skuila  of  the  Axabian  race  liimisU.  at  present,  the 
most  coiiiplfte  type  of  the  huiiian  head ;  and  he  considered  tlio  remainder 
of  the  physical  frame  as  eijually  distinguialied  by  its  8Ui>eriority  to  that 
of  other  racea  of  men.  Q'he  dili'erent  tribes  of  Arabs  present  veiy  great 
diversitie.-i  of  colour,  which  arc  generally  found  to  coincide  with  variatioiia 
in  climate.  Thus  the  Shegya  Amba,  and  othew  living  on  the  low  ooun- 
triea  bordering  on  the  Kile,  are  uf  a  dark-brown  or  even  black  hue;  but 
ereii  when  quite  jetty,  they  ai*  distinguished  fi-om  the  Negro  races  by 
the  brightness  of  their  complexions,  by  the  length  and  iitraightness  of 
their  hair,  and  by  the  regularity  uf  their  features.  The  same  may  be 
of  the  wandeiiug  Arabs  of  Northern  Africa ;  but  the  induenco  of 


*  Snehia  "VBrietlcs'if  Mail,"  18S0,  p.  408. 
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climate  and  circuiaatances  Ls  still  more  strougly  ninrked  in  some" 
triljds  loug  settled  in  Hint  regiou,  whoso  descent  may  bo  tractnl  to  r  dis- 
tinct branch  of  the  Syro-Anibiau  stock,  nrnnely,  the  Berber,  to  which 
belong  the  Kaliylca  of  Algiers  and  Tnnia,  the  Tiuiryks  of  Sahara,  and  tbi' 
Guanch«8  or  ancient  poyiulation  of  the  Canary  Isles.  Amongst  tlitsc 
tribes,  whose  affinity  is  indisputably  tiiiceaMe  through  their  vt-ry  rt-mark- 
able  language,  every  gradation  may  be  seen,  from  the  intense  blackuesit  of 
the  Negro  skin,  to  the  more  swarthy  hue  of  the  inhabitants  of  the  South 
of  Europe.  It  is  reniarkable  tliat  some  of  the  Tuaryk  iuliabitnnts  of  p«r- 
ticular  Oaaea  in  the  grent  desert,  who  ure  almost  as  insulated  from  com- 
munication  with  othor  races  as  are  the  luhnbitants  of  inlands  in  s  wide 
ocean,  have  hail'  and  features  that  approach  those  of  the  Negroes ;  alUiou^ 
they  speak  the  Berber  langiinge  with  auch  piu-ity,  aa  to  forbid  the  idn  of 
the  introduction  of  these  chui'actci's  by  an  intermixture  of  raoes.  The 
i/fflfl*,  who  are  the  only  remnants  now  existing  of  the  once-powerfiil 
Phuenician  tribe,  and  who  are  now  disporswl  through  nearly  every  countn 
on  the  face  of  the  earth,  present  a  similar  diversity;  having  gradunllj  . 
oesimiluted  in  physical  chai'a<H«rs  to  the  nations  among  whidi  they  li^Hl 
GO  long  resided  (§  934).  ^H 

953.  The  second  primary  division  of  the  Huniaii  family,  according  lo' 
the  ai'rangeuteut  of  Blumenbacli,  is  that  commonly  termed  -.iftrnyiJut*. 
The  real  Mongols,  however,  constitute  but  a  single  and  not  very  coo- 
siderable  member  of  thi;  group  of  nations  associated  under  this  desngna- 
tion;  which  is,  thei-efore,  by  no  means  an  appropriate  one.  The  oripiMl 
scat  of  these  races  appears  to  have  been  the  gi-oat  central  elevutCTl  pLun 
of  Asia,  in  which  all  the  great  rivei-s  of  that  continent  have  their  sources. 
whatever  may  be  their  subsequent  direction.  Taken  as  n  whole,  thi« 
division  is  characterized  by  the  pyramidal  form  of  the  skull,  whose  nntem- 
posterior  dituneter  scarcely  exceeds  the  jiarietA],  and  by  the  broad  &a 
&cti  and  prominent  cheek-bones;  by  the  flattening  of  the  nose,  which  i* 
neither  arched  nor  mjuilino ;  by  the  eyes  being  drawn  npwards  at  their 
outer  angle ;  by  the  xanthous  or  olive  complexion,  which  ^ometiiiMI 
becomes  fiiir,  but  fre(|uently  swarthy;  by  the  scantiness  and  BtruighttMS 
of  the  hair,  and  deticicncy  of  beard;  and  by  low-new  of  stnturi'.  Thc« 
charaotcra,  however,  are  exhibited  in  a  prominent  degree  ouir  in  the  mow 
typical  members  of  the  group,  especially  those  inhabiting  Northern  fuxl 
Centi-al  Asia ;  and  may  become  so  greatly  modilied,  as  to  oeaae  sltogrtlxf 
to  be  rt<oognizaUle.  Such  a  modiHcalion  has  lieen  I'emurkably  e£ 
the  caae  of  a  part  of  the  I'lirkigh  jieople,  now  so  evtensively  distribfl 
All  the  most  learned  wi-itei-s  OTi  Asintie  history  are  agreed  in  op 
that  the  Turkish  races  are  of  one  common  stix;k;  although  at  prwMii 
they  vary  in  ]ihysical  characteni,  to  auch  a  degi'ee  tliat,  in  some,  li# 
original  type  has  been  altogether  changed.  Those  which  still  inhalnl 
the  ancient  abodes  of  the  race,  and  preaerve  their  pastoral  nomAdic  liAt 
present  the  physiognomy  and  general  characteristics  which  appear  to 
have  belonged  to  the  original  Turkomans;  and  these  are  dccid«dlj  nftp 
able  to  the  so-calle<l  Mongolian  type.  Before  the  Moliommedkn 
however,  the  Western  Turks  or  Osmanlii)  had  adopted  more 
haliita,  and  had  made  considerable  jirogreaa  in  civiliiation ;  lutd 
adoption  of  the  religion  of  Islam  incited  them  to  still  wider  ext 
and  developeil  that  spirit  of  coui|uest,  which,  during  the  middle  . 
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(lUf'litjeil  itsolf  with  sacU  rero&rkable  vigoav.  Thi;  branches  of  the  race, 
which,  from  tlicir  long  settlenieut  in  Euroj*,  have  mode  the  greateHt  pro- 
,|ptes  ill  L'ivilization,  now  exhibit  in  ull  eBaentiiil  particulnrs  the  physicul 
^■wnu'tere  of  the  Euixipean  model :  and  these  tire  [fltrticularly  appnireiit  in 
^po  confoniiiition  of  the  akoll. — Anothvv  luarkeil  d<jparturo  Kroiri  the 
'ardinnry  Mongolian  type,  is  pi-escntud  by  the  Uyiwrhoroan  trilws  inLu- 
Ititing  ibf!  bordei-M  of  the  ley  Se.i ;  these  hiivc  fur  the  most  piirt  a 
|tj'niniid!iJ  ukull,  but  tb«ui-  coiiipli'xitm  i»  BWbirthy  and  their  growtli  is 
iJMCuliiU'ly  stUDted ;  and  they  tbrui  thu  link  that  eonnects  the  ordinary 
^^Hulidie  with  the  Lupps  and  JTiunH  of  Europe  on  ouu  aide,  und  with  the 
^PfBrnniuc  of  Noi'th  America  ou  the  other.  Tlic  UgriAii  diviaioD,  which 
^pKmteil  towaitls  the  north-west  al  a  very  early  period,  plniited  a  colony 
^^^)uro[ic,  which  tttill  tenants  the  Dorthem  Uidtie  coiiutricB,  formiug  the 
^Hli  uf  2''inn.g  aiid  Lappa.  In  the  time  of  TitcitUB,  the  Eiiius  were  as 
H^ge  aa  the  Lappa ;  but  the  former,  during  the  ancfleeding  agea,  became 
B  &r  civilized,  as  to  exchange  a  nomaiHo  life  for  one  of  agricultural  pur- 
Kit>.  and  have  gradually  assimilated  with  the  sturounding  people  j  whilst 
Hi>'  I>i>p|>»,  like  the  Biberiaii  tiibea  of  the  same  race,  have  ever  since  con- 
Hnacd  to  \<e  burharona  numndeH,  nnd  have  undet^ne  no  elevation  in 
^■3nnciU  ohaiiictiirs.  The  aanie  division  gave  origin  to  the  Magi/ari  or 
BangnriaiiH;  a  warliki?  and  energetic  (leople,  unlike  their  kindred  in  the 
Bortli ;  in  whom  a  long  abode  in  the  ceatiT  of  Europe  has,  in  like  manner, 
^v(^lu]>ed  the  more  elevated  characters,  physical  and  mental,  of  tho 
BufOIHiau  nations, 

m  !)54.  Thi>  nationa  inhabiting  the  South-eaatem  and  Southern  jxirtigQs 
Bf,  Ajlia,   also,  appear   to   hiivu   liod   their  origin   in   the   Mongolian   or 
BHpbnl- Asiatic  atock ;  although  their  features  and  form  of  skull  by  no 
HwtH  exhibit  itfl  characteriatic  marka,  but  pi-esent  aueh  departures  from 
B,  na  are  ebewhere  observable  in  races  that  am  making  advances  in 
BviliKatioD.     The  conformity  to  the  Mongolian  type  in  most  decidedly 
Bkiwh  by  the  nations  (ei)lleetively  termed  ,SWifiirm  by  Dr.  Latham), 
vhich  inhabit   Chinn,  Thibet,  the  Indo-Ohinest-  peninsula,  and  the  base 
pf  the  Himalayan  range;  these  are  ossociated  by  certain  linguistic  pecu- 
liarities which  distinguish  them  from  all  other  races;  that  primitive  con- 
dition of  human  speech,  in  which  there  is  a  total  absence  of  inflections 
indifffltive  of  the  relation  of  the  p>rincipal  words  to  one  another,  being 
appiiuntly  preseired  with  lefls  change  in  the  tongues  of  these  people. 
UiBQ  in  thoee  of  any  other.     The  Chinese  may  lie  ]>hyKically  characterized 
as  Alongolians  softened-down ;  and  in  passing  from  China  triwards  India, 
through  the  Burmese  emjiire.  thei'c  ia  so  gradual  a  transition  towards  the 
ordiniiry  Hindoo  type,  that  no  definite  lino  of  demtircation  can  lie  any- 
where drawn. — The  inhabitants  of  the  groat  peninsula  of  Hindostan  have 
been  commonly  ranked  (aa  alreiuly  remarked)  under  the  Caucasian  race; 
botli   ou   account   of  their  physical   confonnity  to   that   type,  and   also 
■•ecause  it  has  been  considered  that  the  bads  of  their  languages  is  Sans- 
kritie.     It  is  certain,  however,  that  this  conclusion  is  incorrect  with 
r«ganl  to  a  very  large  proportion  of  the   existing  population   of  India ; 
and  there  is  atrong  reason  to  believe  that  no  part  of  it  liears  any  real 
relation  nf  affinity  to  the  Indo-European  group  of  nations,  except  such  as 
I     mity  lie  derived  from  a  aUght  intermixture.     ThuH,  the  Tamiiliitii,  which 
■■i  the  dominant  language  of  A'outhem  India,  is  undoubtedly  not  Sans- 
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kritic  in  its  origin  (ulthough  containing  ivn  infusion  of  SaoKkritie  ■ 
but  more  closely  npproxiiiiiitca  to  the  Sorifomi  tyjie;  aad  many 
hill-tT'ibcH,  in  different  parts  of  Inilid,  B])cnk  jiet'idinr  di&leirta,  wliicfc,' 
thougli  mutually  unintelligible,  (LpiMtiir  referable  to  tbe  sitme  stock.  Now 
it  is  aiuoiig  this  portion  of  tbe  populiitiou  of  India,  that  the  greatdt 
depfirturo  presents  itswif  from  the  Caucaainn  tyjie  of  craoial  fomiAtioa, 
tuid  the  closest  confonnity  to  tbo  Mongoliun ;  the  cheek-bones  beinz 
more  prominent,  the  hair  connte,  scanty,  and  ntTuight.  and  the  aa» 
flattened;  eometimes,  ulso,  the  Hps  nre  very  tlilck,  and  the  jawE  prujcd. 
showing  an  approximation  to  the  prt>gnathous  type.  Now  iu  tlie  opinion 
of  Dr.  Latlmm  and  Mr.  Noiris,  tbe  variouB  dialects  of  A'crffwrri  lndi>  (of 
which  tha  I/iiuhnlnni  is  the  niost  extensively  spoken)  are  to  be  rcgArdivd 
HB  belonging,  in  virtue  of  their  tiindaniental  nature,  to  the  ^iimc  gronp' 
witli  thoso  of  nigh  Asia,  notwithstanding  tlie  liuTjte  infusion  of  Sonskritie 
wordi;  whtoh  they  contain;  this  iiifiL>4iou  hanng  been  introduced  at  U 
eai-ly  period  liy  nn  invading  briLnch  of  the  Arinn  stock,  of  whose  adTWt 
there  is  liiatorical  evidence,  and  whose  descendants  the  ordinary  Hindoo 
population  Lave  been  ciToneously  supposed  to  be.  According  to  thi* 
view,  then,  tbe  influence  of  the  Arian  invasion  upon  the  language  ajwl 
population  of  Northern  India,  was  very  much  akin  to  that  of  the  Nomuut 
invasion  upon  those  of  England ;  tlie  nuiulier  of  individuals  of  the  in- 
vading race  being  so  imuill  in  propoi-tion  to  that  of  the  indicenous 
j)0])ulation,  as  to  be  speedily  merged  in  it,  not.  however,  without  con- 
tributing to  an  elevation  of  its  physical  characters;  and  a  Inrg^  nomW 
of  new  words  having  been  in  like  manner  introduced,  without  any  eaoi- 
tiul  change  in  the  ty|ie  of  tlic  original  language.  And  thus  the  only  dlB- 
tiuct  traces  of  the  ArJau  stock  are  to  l>c  found  in  the  Brahnunical  caste, 
wliich  preserves  (though  with  great  cormption)  the  original  Bnduuinial 
religiiriu,  and  wliich  kecpa-up  the  h^auskrit  as  its  classical  language;  it  i*' 
certJiin,  howevei*,  that  this  i-acc  is  far  fi'om  being  of  pure  descent,  Imriait 
intermingled  to  a  considerable  extent  with  the  oniinary  Hindoo  popula- 
tion. There  is  but  little  to  I'omind  us  of  the  Mongolian  type  in  the 
countenances  of  the  Hindoos,  which  are  often  remarkable  for  a  sjnUD^' 
trical  beauty  that  only  wanti  a  more  iutellectual  expresfiion  to  nndvl 
them  extremely  .striking;  sonic  traces  of  it,  however,  may  perhapt  btl 
found  iu  tbe  rather  prominent  iiygomatic  arches  which  are  coinnMB- 
amongst  them  ;  but  the  cranial  portion  of  the  skidl  presents  no  appnMek 
to  the  pyramidal  ty])e,  bdng  often  very  regularly  ellipticail.  There  ii  a 
remarkable  difftironoe  in  the  colour  of  the  different  Hindoo  tribt»;  some 
lieing  nearly  aa  dark  as  Negroe.i,  others  more  of  a  copper  colour,  tnd 
others  but  little  darker  than  the  inliabitonts  of  Southern  Euroiw. 

955.  According  to  the  usual  mode  of  dividing  the  Human  tamily.  the 
Ethwpiaii  or  Nngro  stock  is  made  to  include  all  the  nations  of  Africa,  to 
the  southward  of  the  Atlas  range.  But,  on  the  one  hand,  the  HoIteuUA* 
and  BiLshmcn  of  the  southern  extremity  constitute  a  group  which  » 
strongly  distinguished  by  physical  characters  from  the  rest  of  the  Afrieu 
nations ;  so,  again,  the  i-egion  north  of  the  Great  Desert  is  mostly  ooen- 
pied  by  Semitic  tribes  (§  :»62) ;  the  scattered  popdiition  of  thr  (!n^ 
Desert  itself  is  far  fi-om  being  Negro  in  many  of  its  features;  the  vJkr 
of  tlie  Nile,  at  Iwist  in  its  middle  and  lower  portions,  including  E^jpL 
Nubia,  and  even  Abyssinia,  is  inhabited  by  a  gi-onp   of  iiAti<ata      '    ' 
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Vf  be  desgnatod  as  Nilotic,  and  which  presents  ft  sei'ies  of  graJatioruU 
Bwiitioiis  between  tlie  Np^roes  and  Kaffrea  nnil  tlie  Semitic  races;  ii 
ge  jxirLioQ  of  the  arefl.  south  of  the  Ec]iiator  ia  occupied  h_v  the  KnlFt'e 
^l»ea  and  their  allien,  which  canuot  ho  tridy  designated  as  Negi-oea:  wi 
at  tJip  true  Negro  arija  ia  hmited  to  the  werfteni  portiou  of  the  Afrimui 
utinent,  iiieluduig  the  alluvial  valleys  of  the  Seucgal,  the  Gambift,  and 
|p  Niger,  with  a  narrow  strip  of  cciitnO  Africa,  passinp  eastwards  to  tlie 
luviul   regions  of  the  TTjijier  Nile.      Even   williin  tliis  area,  the  tnie 
Jegro  type  of  confoi-uiution,  such  as  we  see  iu  the  races  which  inhabit 
low  countries  near  the  Slave  Coast, — consist iTif;  in  the  combination  of 
■  proyMiilliouit  funn  of  skull  with  recisding  forehead  and  de|irissed  nam, 
^olc  lifis,  blacic  woolly  hair,  jet-blnck  UDctuoiia  skin,  and  crooked  legs, 
I  bjf  no  means  univci^ally  preivaleut;  for  nwiny  of  the  nations  which 
it,  must  be  racked  na  mth-t'ipkal  Negi-oes;  and  from  these  the 
rttioo  in  physical  charaoters  is  by  no  means  abrnpt,  to  those  African 
ttiotis  wliich  poeaeaa.  in  a.  consideralile  degi-ee,  the  attributes  which  wu 
accustomed  to  exclude  altogether  from  our  idea  of  the  A&ican  race. 
!lUB,  the  race  of  Jolofs  near  the  SeneEftl.  and  the  Guber  in  the  interior 
Sudan,  have  woolly  hair  nnd  dce|vblack  ooniplejtions,  but  fine  foi-ma 
111  regidar  features  of  a  European  cast;  and  nearly  tlie  same  may  he 
of  the  darkest  of  the  KafFi-es  of  Southern  Africa.     The  Beclmaua 
fres  present  a  still  nearer  approach  to  tiic  European   type;   the   com* 
Ifxion  being  of  a  lighfc-brown,  the  linjr  often  not  woolly  but  merely 
lirled,  or  even  in  long  flowiug  ringlets,  and  the  figure  and  features  having 
IHch  of  the  European  character. — There  ia  no  group,  in  fact,  which  fire- 
nts  a  more  constant  correspondence  Ixstween   external   conditions  and 
bysicnl  eonforniation,  than   that  composed  of  the  African  natiouB.      As 
find   the   complexion   Ijecoming   gradually  darker,  in   passing  from 
lorthern  to  Southern   Eurojie,  thence   to   North  Africa,  thence   to   the 
ere  of  the  Great  Desert,  and  thence  to  the  intertropical  region  where 
(lone  tlio  dullest  bl.Tek  is  to  be  met  with, — so  do  we  fiad,  on  passing 
nithwards  from  this,  that  the  hue  Ijecomes  gradually  lighter  iu  pro|K>r- 
Hon  as  we  proceed, further  from  the  equator,  until  we  meet  with  races  of 
atively  fair  complexions  among  the  nations  of  Southeni  Africa. 
in  the  intertropical  region,  high  elevations  of  the  surface  liave  the 
1  efibit  as  we  have  seen  them  to  produce  elsewhere,  in  lightening  the 
B}>li6xion.     Thus  the  lugh  paits  of  Scnegambia,  where  the  teni|ienituro 
moilerate  and  even  cool  at  times,  are  inhabited   by  Fulahs  of  a   light 
oppor  colour,  whilst  the  nations  inhabiting  the  lower  regions  around 
hetn  ai'e  of  true  Negro  blackness:  and  neiirly  on  the  same  parnllel,  hut 
kt  the  op[ioaite  side  of  Africa,  are  the  high  plains  of  Emirea  and  Kafl'a,  of 
which  the  inhabitants  are  said  to  be  fairer  than  the  natives  of  Southern 
fiurope. 

95(i.  The  languages  of  the  Negro  nations,  so  far  as  they  are  known, 
ppear  to  belong  to  one  group;  for  although  there  is  a  conaiderabte 
jUversity  in  their  vocabularies  (arising  in  great  part  fi-oni  the  want  of 
rittea  records  which  would  gii'e  fijdty  to  their  tongues),  yet  they  seem 
present  the  same  gratle  of  development  and  the  same  grammatical 
and  various  proofs  of  their  affinity  with  the  Semitic  languages 
bave  been  develoj)ed,  these  being  afforded  by  similarity  alike  of  roots 
of  grammatical  oonstniction.     The  Semitic  affinity  of  the  Negro 
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natioDA  a  forth^T  indicated  in  &  Tery  leniaricable  manner,  lij  tliie  i 

ence  of  a  rarietj  of  iiapetMitions  and  nngas  amoi^  the  Negroes  of  ' 
WeaUTD  c<Mst,  clcnelf  resembling  those  wbich  pninil  alao  amoi^  dw~ 
Nilotic  nu;eH  whose  Semitic  relatiom  &rc  most  clear,  aa  irdl  as  amoag 
liranclxs  of  the  Semitic  stock  ileelf;  and  thus  we  seem  to  hare  adeqoMlo 
jiroof  of  the  abtieace  of  any  definite  line  of  demarcation,  in  ngard  citW 
to p/ii/tiologifxii  or  to  liityaiiUu:  ch&ractera.  between  the  Kegro  isoe,  am) 
one  of  those  which  has  been  hitherto  cooaidered  to  rwilc  among  tlie 
moBt  elevated  forms  of  the  Cnacaaian  Tariety.^Nor  b  there  anything 
ID  the  pti/chieal  character  of  the  Negro,  which  gives  us  a  right  to  sc^ia- 
mte  him  from  other  races  of  Manland.  It  is  true  that  those  r»oa 
wliich  have  the  Xc^ro  character  in  an  exaggerated  degree,  are  uoiformlj' 
Id  the  lowest  stage  of  society,  being  either  ferocious  3at-age«,  or  stiipd, 
Hensual,  and  indolent;  such  are  most  of  the  trilnn  doDg  the  6iaf«^ 
Co»st.  Bat,  on  the  other  hand,  tliero  are  nuuT  Negro  States,  the  i^^| 
habitants  of  which  have  attained  a  considerable  degr^  of  improvcmeRt  i 
in  their  social  condition ;  such  are  the  A.shanti,  the  Sulima,  and  the 
Dahomana  of  Western  Africa,  al»o  the  Gaher  of  Central  Sudan,  among 
which  a  considerable  degree  of  civilization  has  long  existed ;  the  phy^cal 
cliaractert)  of  all  tlieae  nations  deviate  consideroldy  from  the  strongly- 
markeit  or  exnggrrat«d  type  of  the  N^ro;  and  the  Inst  are  perhapn  the 
linest  race  of  genuine  Negroes  ou  the  whole  continent,  and  present  Id 
theii-  language  the  most  distinct  trace?  of  original  relationship  to  the 
Hyro-Arahian  nations.  Tlie  highest  ciriliaition,  and  the  greatest  ira- 
provemcut  in  phyaical  characters,  are  to  be  found  in  thoee  African 
nations  which  have  adopted  the  Mahommeilan  religion;  this  was  iiitrxy- 
duced,  three  or  foiir  centuries  since,  into  the  eastern  portion  of  Centnl 
Africa ;  and  it  appears  that  the  same  |)eople,  which  were  then  existtog 
in  the  savi^e  condition  still  exhibited  by  the  pagan  nations 
Routh,  have  now  mlopted  many  of  the  arts  and  institutions  nf  eiii 
society,  Bubjecting  themselves  to  governments,  practising  agricultni^' 
and  dwelling  in  towns  of  considerahle  extent,  many  of  which  contain 
10,000,  and  some  even  30,000  inhabitants;  a  circumstance  which  im[ili«e 
n  coiisidcmlile  advancement  in  industry,  and  in  flie  niaources  of  sub- 
siateiice.  This  lai<t  fact  alTords  most  striking  evidence  of  the  iniprora- 
bilUy  of  the  Negro  races;  and,  taken  in  connection  with  the  many 
instances  that  have  j>refwnt«d  themselves,  of  the  advance  of  individtuds, 
under  favom-ablo  circumstances,  to  ot  least  the  average  degi'ee  of  mental 
development  am()ng  the  European  nations,  it  affords  clear  proof  that  the 
line  of  demarcation,  which  has  been  supposeil  to  separate  them  intel- 
lectually and  morally  trom  the  i-aces  that  have  attained  the  gr«at(«t 
elevation,  has  no  more  -/vnl  existence  than  that  which  has  been  sujipuwl 
to  he  justified  by  a  difference  in  physical  characters,  and  of  whioh  the 
fallacy  lins  been  previously  deraouBtrated. 

957.  The  southern  portion  of  the  African  continent  is  inhabited  by  ■ 
group  of  nations,  which  (os  already  mentioned)  recede  more  or  kM 
decidedly  from  the  Negro  type  in  physical  characters,  and  which  se«n 
connected  together  by  essential  community  of  language,  as  braacbM  rf 
the  stock  of  which  the  Kaffrea  may  be  considered  tiie  Et«m.  In  tliM 
warlike  nommiic  people,  which  inhal>it  the  eastern  parts  of  South  Afnn. 
to  the  northward  of  the  Hottentot  country,  wi  great  n  depairture  fiaB 
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^^^Bdinarjr  Negro  typo  present*  itaelt',  that  many  tmvolli-rs  have 
IVI^Md  to  them  a  difl'ervnt  oriffiii.  The  degree  of  tliia  dejiartiiro,  Low- 
BVi«r,  varies  greatly  iii  tlie  different  Kaffre  tribes;  for  whilst  snme  nt 
tbeoi  are  hiiick.  woolly- luuwlwl,  and  decidedJy  progiintljoua,  so  us  obviously 
to  approuch  tlie  niodilicHl  Negroes  of  Congo  in.  geuei'al  asjicct,  others 
ro<!«"lo  couaiderably  from  the  tyjneal  prognathous  racva,  linth  in  com- 
plexion, featui'es,  sud  fui'm  of  lictid,  presenting  u  lig)it-1)rown  oolour,  a 
high  forehead,  a  proniinettt  iiose,  and  a  tall,  robiiBt,  well-shaped  figure. 
The  thick  li|i9  and  bliwk  frizzled  hair,  however,  are  geuorally  retained; 
though  the  hair  is  sometimea  of  a  reddish  colour,  and  becomes  flowing; 
and  the  fuatures  may  present  a  European  cnfit.  But  eveu  among  the  tribea 
which  depart,  matt  widely  fmia  the  Negro  typo,  indiriduiils  ai-e  found 
who  present  ii  return  to  it ;  and  it  is  ititereating  to  remark,  tliat  the 
people  of  IK'lagon  Buy,  though  of  tlie  Kaffiv  i-aee  (as  indicated  by  thi-ir 
liuigjiiige),  having  been  ik-gnided  by  subjugation,  approach  the  [wople 
of  tliK  fJiiinea  C<ia.st  in  their  physical  ehai-atlera.  In  fact,  between  tlio 
most  elevated  Kaftre  and  the  most  degnuled  Negro,  every  possible 
f[Tadalion  of  physical  and  psychical  characters  is  preseiiWd  to  us,  us  we 
M£8  northwards  and  westwards  from  Katfi-ariu  towards  the  Guinea 
Coast;  and  we  meet  with  a  similar  tramsition,  although  not  carried  to 
80  great  an  extent,  aa  we  pass  up  the  eastern  coust.^ — The  hinguagea  of 
the  Kaffres  nnd  other  allied  tribes  ai'e  distinguished  by  a  set  of  raniark- 
al)le  characters,  which  have  been  considered  as  isolating  tlieiii  from 
other  Africau  t".rngues.  According  to  Dr.  Latham,  however,  these  peoii- 
liiiritits  are  uoL  so  far  without  precedent  elsewhere,  as  to  estalilish  the 
very  decided  line  of'  demarcation  which  some  have  attempted  to  draw; 
Knd  may  he  regarded,  in  fact,  as  resulting  from  the  fuller  development 
.ftf  tendencies  which  mamfeat  themselves  in  other  Africau  languages. 

tB58.  The  Hottentot  raco  differs  fi-oni  all  other  South  Africau  nations, 
th  io  language  and  in  physical  confomiation.  Its  language  oamLot 
be  shown  to  possess  distinct  uffiuitic.^  with  any  other  stock;'  but  in 
bodily  slrwcture  there  is  a  remarkable  admixture  of  the  charnctei's  'if  the 
Mougoli;LU  with  those  of  the  Negi'o.  Thus  the  fiico  presents  the  very 
wide  and  high  eheek-bones,  with  the  oblique  eyes  and  flat  nose,  of  the 
Northern  Asiatics;  at  the  same  time  that,  in  the  somewhat  prominent 
muzile  and  thick  lips,  it  resembles  the  countenance  of  the  Negro,  The 
compleiiou  is  of  a  tawny  bLiff  or  fawn  colour,  like  the  black  of  the 
Negixies  diluted  with  the  olive  of  the  Mongols.  The  hair  is  woolly, 
like  that  of  the  Negroes,  but  it  gi-ows  in  small  tufts  scatterisl  over  the 
Siirlace  of  the  scalp  {like  a  senibbiug-briiah),  instead  of  covering  It 
nnifoi-mly;  thus  resembling  in  its  comparative  Bcantiiiess  that  of  the 

^P  *  It  i*  C0Diiidere<1  bj  aomo,  that  the  Hottvntot  tftngnage  ia  a  degmded  Kaffr^  iw  tba 
^Boshnan  liingiiBge  ii  inleBraded  Hottentot  j  bnl  llie  Author  ib  infnnnpd  bj  Mr.  Norrie, 
(hat  be  aee«  uo  valid  griiimd  for  tbis  oHSuoiptliin,  thu  nHtaities  of  th-.-  Tlutteutol  lauguage 
beia^  rutber,  id  bia  opiDion,  with  tbe  UkngnAgefl  of  Hi^b  Aain,  allJiouxb  tha  c^oUEipulijig  fitika 
»re  extremelj  aliglit.  Such  aa  thpyaro,  howeter,  th«j  l«ud  to  ountirni  uii  idea  suggesleii  to 
the  Author,  aouie  jeaie  aiai^e,  bj  tlie  marked  reproilmaiun  uf  ao  nianj  Hungoliwi  cbnraflera 
in  the  H^tteDtot  nuv, — thiLt  it  ia  the  remnuit  of  a  m^grntioD  froiu  Aata,  earlier  than  tbnt 
in  wbioh  the  gre&t  bulk  of  the  African  nations  have  their  origin  ;  And  that  it  bm  lieeu 
driven  dnun  lu  the  remotest  Boruer  of  tho  continent,  jiiflt  M  the  obcrijinnl  iMongolinn) 
pofiolotion  of  Bonth -western  Kurtppe  swuia  to  have  been  drtTeo  hack  by  the  ludo-Katopean 
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Nortbpm  Asiatics.  It  is  moot  intenstjng  to  observe  tliis  run! 
reseiublaticf  in  pbysicul  c!iiinvct*'rs.  between  the  H(>tl"iiitot«  utd  tt 
Mouguliau  races,  in.  comiectiou  with  the  simLlurity  that  exists  bctvM 
tht<  cii'cuiiistaDWs  under  wliicli  they  n.-spei'tively  live ;  and  it  is  Dot 
little  cjurioviB  that  the  Hott«ntot,  aa  the  Slongol,  should  be  distingmslit 
by  the  extraorilinary  acutenesa  of  lus  vLsion  (§  77,1).  No  two  ooimtril 
can  be  uiore  similar,  thtiu  the  vast  steppes  of  Cyntitil  Ajua,  aiid  ti 
kartXKM  of  Southern  Africa ;  and  th<<  propor  inhiibitaiito  of  eacli  W 
Douuulic  mees,  wandering  throuj^li  deaei'td  remiLrkiilile  for  the  wid 
espniiaion  of  their  surface,  their  scanty  herh^e.  and  the  dryness  of  the) 
atmoephere,  and  feeding  upoo  the  milk  and  flesh  of  their  horses  aa 
cattle.  Of  the  original  jmatonJ  Hottentots,  however,  com]iAmtiTd 
few  now  remain.  A  large  proportion  of  them  bnve  been  gradoAll 
driven,  by  the  encroachments  of  the  Eaflree  and  of  European  ooloiiist 
and  by  internal  wars  with  etich  other,  to  seek  refuge  among  the  iani 
oessible  rucka  and  deserW  of  the  interior;  and  have  thus  been  convertd 
&otn  ft  ndld.  unenterprising  Ttux  of  shepherds,  iiitn  wandering  hord«  ( 
fierce,  snspiciouH,  and  vindictive  savages,  treated  as  wild  beasts  by  Ihd 
fellow-mcu,  until  they  become  i-eally  a.'wiiuilated  tu  wild  boists  in  tticj 
habits  and  clis|>ositions.  Hence  hiive  arisen  the  tribes  of  Bitahmm  g 
Bonjegineii,  which  are  genei-ally  i-egarileil  st^  presi-nting  the  moat  degraild 
and  miserable  condition  of  which  the  human  race  is  cagiable,  and  bai 
been  supposed  (but  erroneously)  to  pnisent  resemblances  in  physio 
character  to  the  higher  Qutulrumaiia.  This  tninnifonnntiou  has  taka 
pla4:e,  under  the  observjition  of  eye-wituessca,  in  the  Kr.ranas,  a  tribe  ( 
Hotteutota  well  known  to  have  been  previously  the  most  advanced  in  d 
the  improvements  which  belong  to  pastt.iul  life;  for  having  betui  plofl 
dered  by  their  neighlioura,  and  driven-out  into  the  wilderness  to  8ub«| 
upon  wild  fiTiita,  they  have  adopted  the  habits  of  the  fiuahmcn,  aa 
have  become  asaimUated  in  every  eHsentJal  particulsx  to  that  miserabi 
tribe — It  ajipcaTB,  however,  from  the  in<]uiries  of  Dr.  Andrew  Smitl 
that  this  process  of  degradation  Ims  been  iu  operation  quite  inilepca 
dently  of  external  agencies;  uenrly  all  the  South  African  trit>ea  wU 
have  made  any  advances  in  civiUmtion.  being  surrounded  bv  toot 
barbarous  hordes,  whose  abodes  are  iu  the  wildernesses  of  mountains  in 
forests,  and  who  constantly  recruit  their  numbers  by  sucb  fugitive*  ■ 
crime  and  destitution  niay  have  driven  from  their  own  more  bont* 
and  more  thriving  communities;  and  tliese  people  vary  their  mode  i 
speech  designedly,  and  even  adopt  new  words,  in  order  to  mako  tbd 
meauiiig  uuintclligihie  to  all  but  the  members  of  their  own  assocutM^ 
Tliis  has  its  eontplele  pandlel  in  tbe  very  midst  of  our  own  or  ai|{ 
other  highly-civilized  community ;  all  our  large  towns  contaiiuDg  vfA 
nearly  an,  inaccessible  to  those  unacquainted  with  them,  ae  are  tbo  vaA 
caves  or  clefta  of  hills,  or  the  burrows  scoopeil-out  of  the  level  kuTM 
ill  which  the  wretched  Bushman  lies  in  wait  for  his  prey ;  and  tkd 
being  tenanted  by  a  people  that  have  been  well  cliaractcrised  H  li 
daaaes  datii/eTeusn,  which,  as  often  as  the  arm  of  the  law  ix  [ttnilmJ 
issue-forth  fi-om  the  unknown  deserts  within  which  they  lurk,  and  rirt 
in  their  lierce  indulgence  of  tbe  moat  degrading  piLsaions,  aiid  in  thJ 
excesses  of  wanton  cruelty,  tlic  most  terrible  exhibitions  of  borbariM 
tuhiunaoity.     Such  outcasts,  in  all    nations,  purj>03cly  ado[>t,  lifc« 


|>t.  lifc«ib 


AMERICAJI   NATIONS. 


899 


Sualuaeu,  a  '  QasW  languoge;  and  in  their  general  character  and  usaffe^ 
^^  I  is  [I  most  atrlkini^  parallel.* 

|BK9.  Tlie  American  niitiuus,  taken  collectively,  form  a  group  witich 
appears  to  have  esiBted  hs  a  soparwte  tamilv  of  nations  from  a  very 
oarly  periwl  iu  tlie  worlci's  history.  They  do  not  fonu,  however,  su 
lislinct  a  variety,  in  rtaitnl  to  physioal  charaoters,  as  some  anatomists 
ave  end  favoured  to  pitive;  for.  although  certain  peculiarities  hiivo 
been  stated  t<>  exist  in  the  skulls  of  tlie  aboriginal  Ajnericans,  yet  it  is 
found  on  a  more  ustensive  eiami nation,  that  these  peculiuritiea  are  I't'ry 
limited  in  their  extent, — the  several  nntiouB  sprcacl  over  this  vast  ciin- 
tinent  ditft-riiig  from  eacii  other  in  phyaical  peeuharitxca,  as  much  aa 
they  do  from  those  of  the  OM  World,  ao  that  no  typical  form  can  bo 
ide-out  among  them.  In  regard  to  complexion,  again,  it  may  lie 
Btiiarked,  that  altlioiigh  the  native  AmericauB  have  been  commonly 
'bamcterized  as  "  red  men,"  they  are  by  no  means  invariaVily  of  a  red  or 
oppery  hue,  some  lieing  as  fair  as  many  European  notions,  othoi-s  being 
ellow  or  brown,  and  otliere  nearly,  if  not  quite,  as  black  as  the  Negroes 
Africa ;  whilst,  on  the  othw  hand,  there  are  tribes  equally  red,  and 
erhnjis  more  deserving  that  epithet,  in  Africa  and  Polynesia.  Our 
pnliuary  notion  of  the  American  races,  having  been  chieHv  founded 
ppon  the  chumcttira  of  those  tribes  of  '  Indians'  with  whom  European 
ttlere  first  canie  into  contact,  proves  to  be  no  more  applicable  to  the 
).bitaut^  of  the  Continent  geoerally,  than  are  the  characters  of  the 
Jegro  to  the  papulation  of  Africa  bj*  a  whole  (§  955), — In  spit«  of  all 
liis  diversity  nf  conformation,  it  ia  believed  that  the  structure  of  tlieir 
ngnages  affords  a  decidcfl  and  clearly-marked  evidence  of  relationship 
etwe*n  them  (J  949).  Notwithstanding  their  diversities  in  mode  of 
too,  there  are  peculiarities  of  mental  character,  aa  well  as  a  number 
ideas  and  customs  derived  from  tradition,  which  seem  to  be  common 
them  all ;  and  which  for  the  most  part  indicate  a  former  elevation  in 
be  ecalc  of  civilization,  that  has  left  its  traces  among  them  oven  in  their 
present  depressed  condition,  and  still  distinguishes  them  from  the  sensual, 
volatile,  and  almost  animaliKcd  Bii\'age8,  that  arc  to  be  met-with  in 
many  parts  of  the  Old  Continent. — The  Esquimaux  have  been  regarded 
aa  constituting  an  exception  to  all  genera!  accounts  of  the  phyaical  cho- 
racitera  of  the  American  nations;  for  in  the  configuration  of  their  sknlls, 
aa  also  in  their  complexion  and  general  physiognomy,  they  conform  to 
the  Mongolian  type,  even  presenting  it  in  an  exaggerated  degi'ee ;  whilst 

» their  wide  eit^insion  along  the  whole  northern  const  of  Ameiica,  through 
the  Aleutian  Islands,  and  even  to  the  Continent  of  Asia,  certainly  lends 
weight  to  the  idea  that  tliey  derive  their  origin  from  the  Nortliom  Asiatic 
■tock.      But  the  increajsed  acquaintance  which  lias  been  recently  gained 
with  tbc  tribes  that  people  the  north-eastern   ]»rtioD  of  the   Anierican 
Continent,  lias  clearly  shown  that  no  physical  separation  can  be  esta- 
^_lilisbod  between  tbe   Esquimaux   and  the   Indian  Proper;  the  one  form 
^■gndnating  so  insensibly  into  the  other  as  to  make  the  distinction  between 
^^Uje  two  groups  aa  difficult,  as  on  the  western  aide  it  Is  easy.      Hence  tbe 
existence  of  the  Esquimaux  population   in  this  situation,  alfords  a  com- 
plete link  of  transition  between  the  Asiatic  and  the  Ameiican  nations. 


•  See  "  London  Lnbonr  Mid  the  London  Poor,''  p.  2. 
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in  tlie  precise  region  in  which  the  geographical  relations  of  the  two  i 
Clients  would  Icawl  us  to  ex(ici:t  it. 

yfiO.  It  now  renmins  for  tia  U>  notice  the  OrtutiK  races,  which 
the  vast  series  of  ialands  scattered  thi*ougli  the  great  ocenn  that  stret 
from  Madagnscsr  to  Easter  latiuiiL  There  is  no  jsirt  of  the  world  which 
affords  a  greater  variety  of  IocilI  conditions  thnii  this,  or  which  idot! 
evidently  exiiibita  the  effects  of  physical  agencies  on  the  oremization  of 
the  Imman  body.  Moreover,  it  affords  n  case  for  the  recognition  of  aflini- 
tiea  by  means  of  language,  that  posseKtes  unusual  stability;  since  the 
insulated  position  of  the  various  tribes  that  people  the  reniole  sjHjtd  of 
this  extensive  ti-act,  prevents  them  from  exercising  that  influence  upon 
eiich  other's  forms  of  speech,  which  ia  lo  lie  ol>»erved  in  the  cuf>e  of  nntioDS 
united  by  local  proximity  or  by  freijuent  intercourse,  Trit'd  i>y  tliis  t«at. 
it  is  found  that  the  different  groups  of  jieople  inhabiting  the  greater  pMt 
of  these  insular  regions,  although  so  widely  scattered  auil  so  diversi'  iu 
phvuieal  characters,  ai-e  more  nearly  connected  together  than  nioet  of  the 
families  of  men  occupying  continuous  tracts  of  liuid  on  ihc  great  wirti- 
nenta  of  the  globe. — The  inhabitjuits  of  (.Iceunla  sti-m  divi(<ilile  into  two 
prineijial  groups,  which  ai-c  probably  to  \>e  regardeil  as  having  ujtistitiited 
distinct  races  from  a  very  eai'ly  period  ;  these  are  the  Malay o-Polyuesioa 
race,  and  the  Negritos  or  Pelagian  Negroe*. 

Udl.  Tliu  MiUay<i-}'olynesian  grou]>  ia  by  far  the  more  estiruaive  of  thf 
two ;  and  comprehends  the  inhabitants  of  the  greater  part  of  the  Indian 
and  Polynesian  Archipelagoea.  witli  the  peninsula  of  Slnhuica  (which  is 
the  centre  of  the  Maliiys  pro[ier).  and  perhaps  the  iuhabitnnta  of  MaUa- 
gnsear.  These  aj-e  all  closely  united  by  affinities  of  lan^iiiige.  The 
proper  Malays  bear  a  strong  general  resemblance  to  the  Mongolian  nMta^ 
and  this  resemblance  is  shai-od,  in  a.  greater  or  leas  degree,  by  most  of  the 
inhabitants  of  the  Indian  Archipelago.  They  are  of  a  dai-kur  cumptesion, 
OH  might  be  expected  from  their  proximity  to  the  etjtiator;  but  in  thin 
complexion,  yellow  is  still  a  large  ingredient.  The  Polyuesian  brandicf 
the  group  prtaentB  a  much  wider  diversitj-;  and  if  it  were  not  for  ib« 
community  of  lauguoge,  it  might  be  thought  to  consist  of  several  mam, 
aa  distinct  from  each  other  as  from  the  Malayan  branch.  Thus  tJie 
Tahitiaus  and  Maiiiuesiiiis  are  tall  and  wnll-mnde;  their  figures  coioIhiw 
grace  and  vigour;  their  skulls  arc  usually  reniai-knbly  symmetrical;  and 
their  physiognomy  [u-esents  much  of  the  EuTOpwin  cast,  with  a  vcrysliglt 
admixture  of  the  features  of  the  Negro.  The  complexion,  esjieeiallr  in 
the  females  of  the  higher  classes,  who  are  sheltiired  from  tlie  wind  ami 
eun,  is  of  a  clear  olive  or  brunette,  sueh  as  is  eonimon  among  the  nnui 
of  Central  and  Southern  Europe;  and  tlie  hair,  though  g(mi<r%Uv  bl 
is  sometimes  brown  or  nubum,  or  even  red  or  flaxen.  Among  i 
tribes,  as  the  New  Zealanders,  and  the  Tonga  and  Frimdly  lala 
there  are  greater  diversities  of  conformation  and  hue;  some  being 
proportioned  and  vigorous,  others  coni  para  lively  small  and  feeble;  aoaw 
being  of  a  copper-hi-own  colour,  others  nearly  black,  others  olivr,  and 
others  almost  white.  In  fact,  ii  we  once  admit  a  -■itroiigly-mnrknd  dif 
fereuce  in  complexion,  features,  hatr,  and  general  conliguratiou,  ns  c«tB- 
bli.Hhing  a  claim  to  original  distinctness  of  origiu,  we  must  admit  th* 
application  of  this  hypothesis  to  alinast  every  group  of  isluids  in  Ifct 
PociliD; — an  idea,  of  which  the  essential  community  of  langiuget 
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:»lVoi'(l  (t  sufficient  refutatiot).     Among  the  inhnbitantaof  MuJikga«car,  too, 
I  of  wltit'li  $^ak  iliaJects  of  the  same  luugiiiige,  souil'  Vvai  u  strong 
ijiiibliuice  to  the  Malavan   type,  whilst  others  preseot  app^■oach^!s  to 
lial  of  the  Npgi-o. 
'JO'J,  The  -Vfffriio  or  I'elaijHLn'Negro  races  most  be  regai-ded  aaa  group 
■tb<'r  distinct  from  the  preeeUiug;  Imvinga  marked  diversity  of  lau- 
iiud  preaentiug,  more  decidiidly  than  [my  of  the  Miilayo-Poly- 
iMJDn^  the  fhurnctera  of  the  Negro  type.     They  form  the  pi'edomiiwitiiig' 
■piiUtion   of  New   Britain,  New  Ireland,  tho  r,ouisiade  and   Solonion 
all's,  of  several  of  the  New  Hebrides,  and  of  New  Caledonia;  and  they 
:*m  t*j  exteud  ivestwards  iuto  the  nioiiutaiiious  interior  of  the  Malayan 
!*euiii3uhi,  and  iuto  the  Andaninn  Islands  in  the  Bay  of  Bengal,     'flie 
aftiuiuiiftus,  or  aborigines  of  Van  Dieiniu's  Land,  which  afe  now  almost 
(yiiu|>letely  e:(terminatod,  uudonbtodly  bclouged  to  this  group.      Veiy 
tile  is  known  of  them,  except  through  the  reports  of  the  people  of 
ilayvPolynesiim  r&ce  inhabiting  the  stime  islands:   but  it  appears  that, 
inemlly  speaking,  they  have  a  very  inferior  physical  development,  and 
.d  n  savage  and  degraded  lite,      Thtre  ia  considerable  diversity  of  phy- 
acal  cliaraders  among  them;  some  appro simaliug  closely  in  hair.  tNjm- 
«xion,  and  features,  to  the  Ouineu-Coost  Negroes;  whilst  others  are  of 
ellower  tint,   straight    hair,    and   better   general    development.       The 
t'apiiaiia,   who   inhabit   the   northern   coast   of  New-Guinea   and   some 
Ijaceiit  i.'ilands,  and  who  are  reoinrkable  for  their  large  bushy  masses  of 
lulf-wfHjlly  hair,  liave  been  supposed  to  constitute  a  distinct  race;  but 
there  1*  lilth-  doubt  that  they  are  of  hybrid  descent,  between  the  Malaya 
and  the  Pelagian  Negroes. ^ — To  this  group  we  ore  proliably  to  refer  the 
J/J'ruriiiiji,  or   Af/iiri'iit   nwe,  which   are   considered   by  some  to   be  the 
earlie.'st  inhabitants  of  the  greater  part  of  the  Malayan  Archipelago,  and 
to  have  been  supplanted  by  the  more  powerful  jieople  of  the  preceding 
,  who  have  either  extirpated  them  altogether,  or  have  driv^en  them 
im   the  eoaate  into  the  mountainous  and  desert  parts  of  the  interior. 
ley  are  yet  lo  be  found  in  the  central  parts  of  the  Moluccas  and  Philip- 
;  and  they  seem  to  occupy  most  of  theinteriorandsoHthernjiortioii 
New  tJidnea,  whore  they  are  termed  Endamenes.     They  are  of  very 
rk  eiimplexion ;  but  their  hair,  though  black  and  thick,  is  lank.     They 
,ve  a  [loculiarly  repulsive  pliyaiognouiy ;  the  nose  ia  flattened,  so  as  to 
ive  the  Dostrila  an  alnioat  transvei-se  position;  tho  cheek-bones  project; 
the  eyes  are  large,  the  teeth  prominent,  the  lips  thick,  and  the  mouth 
widei     The  limbs  are  long,  ulender,  and  misshajien.     From   the   close 
resemblance  in  physical  chanicters  between  the  Kndnmeuea  of  New  Guinea 
and  the  aborigines  of  New  Holland,  and  from  the  ])roxiuiity  between  the 
oiijacent  coasts  of  these  tw-o  islanda,  it  may  be  surmised  that  tho  latter 
belong  to  the  Allorian  I'acu ;  but  too  little  ia  known  of  the  language  of 
either,  to  give  this  inference  a  sufficient  stability.     In  tho  degiudation  of 
their  condition  and  manner  of  life,  the  savages  of  New  HoUand  fully 
equal  the  Bushmen  of  8outh  Africa;  and  it  is  scarcely  possible  to  imagine 
human  beings,   existing  in  a  condition  more  nearly  resembling  that  of 
brutes.      But  there  is  reason  to  believe,  that  the  tribes  in  clftsest  contact 
with  Euroj>eau  settlers  are  more  miserable  and  savage  than  those  of  the 
interior;  and  even  with  respect  to  these,  increasing  acquaintance  witli 
.eir  language,  and  a  consequent  improved  inHight  iuto  their  modes  of 
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tbought,  teud  to  raise  the  very  low  estiiDat«  which  hiiK  boeu  formed 
long  maintained,  iu  regard  to  Lheir  extreme  tneato]  degradation.  The 
latest  lUid  most  autLentic  statemeuts  enable  us  to  reoognize  among  them 
the  some  principles  of  a,  moral  and  intellectual  nature,  which,  in  more 
cultivated  tribes,  couatitute  the  highest  endowments  of  humauitv ;  and 
thus  to  show  that  they  are  not  separated  by  any  im[>a3siible  barrier,  from 
the  moat  civilized  and  elevated  nations  of  the  globe, — There  are  many 
indications,  indeed,  that  the  Kegrito  race  is  not  so  radically  distinct  ^lu 
the  Midayo-Polyneiiiiin,  as  the  marked  physiad  disHiniilarity  of  their  rw- 
spective  types,  and  the  apjiarent  want  of  conlbraiity  between  tlieir  lau- 
guages,  would  make  it  appcAr.  Fur  lis,  on  the  one  hand,  some  of  the 
subdiviHioiiH  of  the  lat(«r  present  a  decided  tendency  towards  tlut  prog- 
nathouH  character  nud  depth  of  complexion  which  are  typical  of  the 
former,  ho  among  the  former  do  we  not  uufminently  meet  witJi  a  lighttc 
shade  of  skin,  a  greater  symmetry  of  skull,  and  a  considerable  improTty 
ment  in  form  und  feature.  And  although  no  very  close  reltitioiuJup  can 
be  discovered  between  the  Negrito  and  Malay o-PolyneMan  langiiagea,  yet 
it  has  becD  point«d-Dut  hy  Mr.  Norristhat  amuch  more  decided  relfttion- 
ahip  exists  between  the  Atistralian  and  Tamtdinn  (§  'Jiii) ;  and  remote 
as  this  connection  seems,  the  circumstance  adds  weight  to  the  idea,  thai 
the  mitive  Auatraliiius  (with  other  Negrito  tribes)  are  an  oflset  from  th^il 
southern  branch  of  the  great  uoniadic  stiick  of  Central  Asiu,  which  seeiiis 
early  to  have  spread  itself  through  the  ludo-Chine-ne  iui<l  the  Indiaa 
PeniiisidtiH,  and  to  have  even  there  ehowu  uu  iij>proximation  U> 
proguathous  tyj«." 

!ffi3.  Lo<ikiug,  then,  to  the  grent  diversity  which  exists  among  the 
subordinate  gr<jupa  of  which  both  these  divisions  consist,  and  tbeir  ten- 
<loney  to  mutuitl  approximation,  it  cannot  l>e  shown  that  any  sufficient 
reason  exists  for  isolating  them  from  each  other;  and,  as  already  rs- 
marked  (§  'J61),  there  seems  no  medium  between  the  supposition  thai 
each  island  had  its  aboriginal  [laJr  or  pairs,  and  the  doctrine  that  the 
whole  of  Oceania  has  been  jreopled  ironi  n  common  stock.  Looking,  again, 
to  the  very  decided  approximation  which  is  presented  by  c«rt«iii  Ooewue 
tribes  to  the  Mongolian  tyjie,  and  this  iu  localities  which,  cm  other 
grounds,  might  be  regarded  as  having  received  the  first  stream  of  nugm- 
tion,  the  possibility,  to  say  the  least,  can  scurcely  be  denied,  that  the 
main-laud  furnished  the  original  Mtuck,  which  lias  undergone  variout 
transfonnatious  subsequently  to  its  first  dispersion  j  these  having  been  the 
rcEult  of  climatic  influence  itnd  mode  of  hfe,  and  having  been  chie% 
influenced  as  to  di<gi'ee,  by  the  length  of  time  during  whicli  the  truu- 
forming  cau.ses  have  been  iu  operation.  At  any  i-ate  it  maT  be 
safely  affirmed,  that  the  Ocennic  I'aces  are  not  entitled  by  any  disli 
I)hy8ieaJ  iioculiai'ity,  to  nink  as  a  gi-oup  which  must  have  neceeaarily 
ao  oi'iginal  stock  ilistinct  &oui  that  of  the  Coutineulal  oatioua. 
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*  Some  TB17  inlenntiiig  gpociUstiiiuB,  Ivueil  on  Ihc  m«t  recent  infonnaluii, 
themnda  in  whieh  the  pe«t  Oonnic  r^ion  hu  bom  impled,  art  put-rurlti  hjDr. 
on  "  Orr'a  Cirde  of  lb«  Soieocea,"  rol.  i.,  pp.  S41-31B. 
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^V    91^4.  Although  from  tbo  time  when  tlio  Human  being  comes  into  the 

wiii'lii,  to  till)  tijiaJ  t'easation  of  Kis  corporeal  uxisteiioe.  tbe  various  fiiuc- 

tiinml   o|jenilious  of  Orgnnio  life  are  carried-on  witli  ceaacleas  activity, 

wliiUt  those  of  Auimiil  life  are  only  siisijotided  I'y  the  inttrvaisof  ropriats 

which  are  needud  for  the  renovutiou  of  iLeii-  oipiiis.  yi-t  there  are  vi'ty 

luiirkL'd  difl'croncea,  not  only  in  the  de^rM  of  their  Mnifti/ acfiriVy,  but  also 

ill  the  rdcUire  degiv»g  of  ensryij  taliwii  they  g«v«ndly  ouiiiifat,  aldiflereut 

ojw'i'hH.     Tbiste  differences,  taken  in  ououection  with  tbo  modifications  in 

the  stMt  and  coutbnuation  of  the  body  with  which  they  are  in  rehition, 

riuirk<out  the  whole  t«rEU  of  life  into  tbe  various  '  Agoa,'  which  ure  coni- 

uiuiily  roconiiiied  as  seven,  namely  Iiifitncy,  Childhood,  Youth,  Adolts- 

I     oniioi",   Miuihoijd,  Decline,  and    Senility.       For    Physic  ilogind    purposeB, 

■^■■■wi't'Mi-.  a  less  minute  sulxliviaion  in  equally  or  jn-rhups  more  appropriutv ; 

^^pmiitOy  the  three  great  [teiioda  of  Uriimlk  and  lievelupinfiii,  of  Maturity, 

'     and  lit'  O'ldiiir^.     Till!  first  comprehendH  the  whole  of  that  series  of  openi- 

tiuun.  by  which  thr  genn  evolve.-*  itself,  at  the  osfienso  of  the  nutriment 

which  il  ajiprofiriiitts  from  eiiterual  aourciea,  into  the  oumplet*  orfpuiism, 

iSiiessed  not  mci-ely  of  its  full  diuiensioua,   but  of  ita  liigbest  eajjacity 

ir  every  kind  of  functional  activity ;  tliis  includes,  therefore,  the  eiwchii  of 

Imbryouic  life.  Infancy,  Childhood,  Youth,  and  Adolescence,  all  of  which 

oharacterizt'd  by  an  excess  of  tbe  conntruclive  over  the   dtxtntciive 

iges  taking-place  in  the  organism.     The  second  period  rangeti  over  the 

hole  term  of  Manhood,  in  which,  the  orgaidBui  having  attained  itn 

complete  development,   is  brought  into  vigorous  and  Bustained  activity; 

and  in  which  it  is  mnin/aineil  in  a  condition  fitted  for  such  activity,  by 

tlie  e<iui!ibriuiii  which  subaiats  between  the  opwmtions  of  rediutcgration 

aiid  of  clisiiitcgnitiou.      The  thiril  period  commences  with  tbe  incipient 

Culure  of  tbe  bodily  |iowora,  conHe(|ueat  ujion  the  dijniiiislied  activity  of 

the  coiulructive   powei-s,   an  conipai'eil  willi  that  of  the  changes  wliich 

involve  tIe'jviMrriitlim  anil  dmiy ;  tiiis  dimmution  liegins  to  manifest  itself 

during  the  latter  [larc  of  Middle  Life,  before  OM  age  can  properly  be  said 

^bo  commem'e ;  and  it  continues  in  an  increasing  ratio,  through  the  whole 

^■decline  of  life,'   until,   tbe  re^iarutive  powers  being  exhausted.    Death 

sujierveueH  an  tbe  necessary  termination  of  that  long  succession  of  phe- 

Cmena  of  which  Life  oonsista. 
9G5.  Although  the  organisation  of  the  body  at  each  epoch  may  be  truly 
d  to  be  the  TtfitUriul  of  all  tbe  material  chauges  which  it  hiis  under- 
gone during  the  preceding  periods,  yet  it  is  scarcely  jwssible  to  take  an 
«nlarged  view  of  tbe  case,  without  jierueiving  tliEtt  we  must  look  for  the 
cause  of  this  succession  in  those  di/unmieal  couillttons,  tbe  presence  of 
irhich  is  the  distinguishing  attribute  of  living  structures.  Eveiy  anuitrwi- 
live  act,  whether  this  consult  in  (Jrowt h  (5  i'-i  1 )  or  in  Development  (j  342), 
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not  merely  requires  maUriais  for  the  new  tissue  produced, 
depends  upon  the  active  oppration  of  a  Jbniuiiive  pou>er,  without  whow 
ngoncy  these  matei-inis  would  remaiu  unorganized.  When  we  exanuue 
(see  PRINC.  OF  Gen.  Phvs.)  into  the  source  of  the  fornmtive  [M)wer  which 
we  Beo  thus  opiTftting  in  every  individual  organism,  we  find  tliat  it  is 
chiefly  tracuahle  tti  tlie  Phi/giail  Forccn  to  which  it  is  sohjoctetl  (Heat 
being  the  one  which  seems  to  beai-  most  directly  upon  the  formatin 
operjitiona)  ;  these  forces  l>eing  metainorphosed,  so  to  sjieok,  into  the  con- 
structive force  of  the  living  body,  in  virtue  of  the  [xvuli.ir  endowment* 
of  itn  miiterinl  substratum. — -just  as  an  Electric  carreut  Ir&naniitted 
through  the  different  nen-es  of  Sense,  produces  the  sen.^oty  impression* 
which  ftre  characteristic  of  each  respectively  {§  73l);oras  the  same  I'lUTi-al, 
traii-smittcd  through  one  form  of  luoi'ganie  matter,  pn«Iuees  Light  and 
Heal,  through  nuother,  Chemical  C'himge,  or  through  nTnitliLT,  Mngnetism. 
But  we  miist  also  recognize  iu  the  Organism  at  lai^>,  as  well  as  in 
eveiy  integral  fiart  of  it  (§  340),  a  certain  rapacity  for  growth  «ud  de- 
velopment,— which  is  tlie  origiual  endowment  of  Us,  ijma, — which  not 
only  det-erminos  the  mode  in  wliich  it  shall  progressively  evolve  it«elf  into 
the  fabric  characteristic  of  its  apecil^s  aud  ses,  but  also  shapes  the  pecu- 
liarities of  the  individual, — which  serves  also  to  bring-about  the  perjietas) 
rMonntruction  that  is  neinled  for  its  continued  maintenance,  niid  is  pwu- 
linrly  manifested  in  those  rejiarative  prociases  which  make-good  loean  of 
its  auliatnnci!  i-esuJtiiig  from  injury  or  ditn'aBe,- — and  of  whioh  the  craA- 
tioB,  by  preventing  any  further  mcljiniorphoais  of  Physical  into  Vit*! 
force,  causes  the  constnictive  powers  to  fail  altogether,  ao  that 
Oi^nisin  is  resolved -back  hy  these  very  forces,  into  the  varinua  for 
Inorganic  matter  at  the  expense  of  which  it  iuui  Ijoen  built-up. 

00(1.  Now  tliis  '  germinal  capacity'  is  most  strikingly  displayed  during 
those  earliest  periods  of  existence,  in  which  growth  aud  ilvvelopuont 
alike  are  taking-place  most  rapidly :  in  fact,  the  further  we  go  httck  in 
the  history  of  intra-uterine  life,  the  more  energetic  do  wc  [lerceive  tt» 
manifestations  to  he.  For  when  wc  look  simply  ai  the  iju-miiw  from  ^ 
minute  point  that  constitutes  the  lirst  pei-c«ptible  germ,  to  the  mature 
fcetus  of  6  or  7  lbs.  weight,  wc  see  that  at  no  other  period  of  eusU-ucr 
can  that  increase  be  comjured  in  its  i-ate,  with  that  which  preeentu  itaetf 
during  the  nine  months  that  follow  conce|ition  ;  and  if  we  go  more  inW 
detail,  we  find  that  it  is  yet  nioi*  remarkable  in  the  earlier  than  in  tie 
later  montiis  (|  908).  So.  again,  it  is  in  the  first  few  weeks  of  embryonic 
life,  that  the  foundation  is  laid  of  most  of  its  {Permanent  or/fatui,  in  th' 
midst  of  an  apjin re ntly- homogeneous  mass  of  cells;  whilst  in  the Encw<<4- 
ing  weeks,  these  nidiments  arc  evolveil  into  the  r^einbtance  of  the  fonni 
they  are  sulweiiuontly  to  present,  njul  a  clitb-rentiation  of  lume*  begins  to 
show  itself  in  their  several  {HirtD;  so  that  the  developmental  jimcfias  isao 
far  advanced  at  little  more  than  half  tlie  term  of  geatatioo.  that  tlw 
f<etns  may  even  then,  under  favourable  circumstances,  m^tfun  mn  inile- 
pendent  existence  (§  87(i).  The  I'ate  of  increase  becomes  progri'awrely 
Blower,  during  the  advance  from  infancy  to  maturity ;  and  the  rnergr  M 
the  developmental  processes  is  com|)arativcly  enfeebled,  l>eing  limited  to 
the  perfecting  of  structures  whose  foundations  had  been  previously  laiil, 
Knd  in  no  instance  manifesting  itself  normally  in  the  evolution  of  a  nev 
jiart  01'  organ.     Now  as  there  is  no  limit  (in  the  well-noariahed  luli- 
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idunl)  to  tht'  supply  of  Food  iitid  Wannth,  it  follows  that  this  gi-atliial 

cline  of  formative  activity  must  be  cliit'  to  a  diminution  of  tliu  ca;Hi-ciVy 

»r  tlint  activity,  taherent  in  tlie  orga.nisiii  ibaelf;  hii<I  tliis  diia.inution  ia 

till  (iioro  strongly  marked  liy  that  eutire  cessation,  both  of  increase,  and 

fiirtliur  developmental  ch«ngi?s,  wliiph  coustitutes  the  t«riiiinaliou  of 

be  tiwt  poriod.      For  the  orgaoisin  which  haa  attained  thut  stage  of  its 

tUttnce,  has  so  for  lost  tile  f'orniiitive  e«pflcity  whieli  characterized  its 

irlier  years,  tluit,  however  copiniia  the  supply  of  food,  however  abundant 

_  be  generation  of  heat,  it  can  tlu'ni'efoi'th  do  no  luore  than  nuilntaiii  its 

normal  condition,  and  can  eflVct  this  for  only  ii  limited  term  of  years. 

It  seems  a  necessiiry  aeqiienee  of  thin  series  of  phenomena,  that  the  time 

liould   come,    when,    after  a   period   of  gradual   decline,   the  germinal 

ft|i>M;ity  of  the  organism  slionid  lie  ho  niiioh  i-educed  as  no  longer  to  suffice 

for  the  maintenance  of  its  own  integrity ;  and  whenever  such  is  the  case, 

Jie  termination  of  its  existence  as  a  living  body  must  be  the  necessary 

sidt      Hence  we  find  thut  there  is  a  natund  limit,  not  only  to  the  size 

aid  development  of  the  organism,  but  nlso  to  the  dumtion  of  its  life. 

Lnd  nlthough  that  limit,  in  each  case,  ia  suhject  to  variation  amongst 

iieiitim/s,  jiartly  in  consequence  of  diversity  of  external  conditions,  but 

nrlly  (it  may  bo  eurraised)  through  differences  ia  the  measure  of  gei^ 

aiuiil  capacity  possessed  by  each,  yet  there  is  a  limit  also  to  these  vaiia- 

tiiiii^  so  tliat  the  ohamcter  of  the  upecies  is  never  departeil-from. 

907.   firriiid  nf  Grini'th  and  Drwlu/imenl, — The  general  history  of  the 
^  Irst  ]iart  of  this  period,  that  of  Embryonic  existence,  hiis  alivady  been  so 
ftilly  giv<>n,  Lliiit  it  ia  only  necessjiry  here  to  reraaj-k  brietly  in  reganl  to 
the  chiii'si^ter  of  ita  vital  operations,  that  the  whole  niaua  of  its  activity  ia 
dii"ected  i-ather  to  the  perfonnance  of  the  vei/etative  or  organic  than  to  that 
_of  the  animal  functions ;  the  action  of  the  heart,  and  the  occasional  reflex 
Iiovement3  of  the  limbs,  being  its  only  manifestations  of  nurvo-mnseidaj- 
DWer.     And  thus  it  seems  to  be,  that  the  formative  capacity  is  greater 
during  embiyonic  life,  than  at  any  subsequent  period,  and  grettter  iu  its 
earlier  than  in  its  later  stages;  aa  that  we  have  not  only  evidence  of  an 
extraordinary  power  of  regenerating  [larts  which  have  lieen  lost  by  diaeaao 
^_ar  accident,  as  seen  in  attempts  at  the  roproduDtion  of  entire  limbs  after 
^Htheir  'spontaneous  amputation'   (§   359);  but  tKere  is  also    not  unfre- 
^Hquently  an  absolute  excess  of  productive  power,  as  shown  in  the  develop- 
^Btnent  of  aupornumerary  organs,  which  may  even  proceeil  to  the  extent 
^^of  the  complete  duplication  of  the  entire  body,  by  the  early  subdivision 
of  the  embryonic -Structure  into  two  independent  halvea  (§   355). — It  ia 
to  bo  noticed,  also,  that  the  embryo  derives  its  supply  not  merely  of  food 
but  also  of  heat,  from  its  maternal   parent;  and  it  is    probably   owing 
es]>ecially  to  the  constimcy  with  which  this  force  operates,  tliat  the  period 
of  embryonic  development   is  so  unif'onn  in  Man  {as  in  warm-blooded 
AuimnJs  generally),  by  comitarison  with  the  corresponding  developmental 
periods  in  Plants  and  cold-blooded  Animda,  these  being  entirely  deter- 
mined by  the  degree  of  heat  to  which  the  enibryoes  are  subjected. 

1)68.   It  ia  freipiently  of  great  importance,  Iwth  to  the  Practitioner  and 

the  Medical  Jurist,  to  be  able  to  determine  the  a^e  of  a  Pectus,  from 

Ithc  physical  characters  which  it  presents;  and  the  following  table  has 

eon  framed  by  Devergie"  in  order  to  facililate  such  determimition.     It 

*   "M£deciii«  Legale,"  Si^ine  edit.  tom.  i.  |i,  279. 
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18  to  be  remarked,  howavt'i',  that  tlio  lAtoliile  htigth  and  %oeight 
Embryo  are  niunb  less  safe  oritei'la,  thau  its  deijrrv  "f  devdtffttnetA,  as  id 
ilictti^d  by  th<;  relative  evolution  of  the  several  fKirta  which  iiiaki!  thd 
ajijjwiraucc  succeBttivoly.  Tliua  it  is  very  poBsible  for  one  child,  bom  ■ 
the  full  time,  to  ineiyA  loss  thau  another,  bom  at  S  or  even  at  7  monthq 
itB  length,  too,  miiy  be  interior :  and  even  the  po^tioD  of  the  midiUepain 
of  the  body  is  not,  taken  alone,  a  aofi!  eritcrion,  amcc  it  is  liitble  to  vana 
tion  iu  individuals.* 

Etidiryo  S  to  4  aetit. — It  has  the  fonn  of  n  wrp^t; — ita  length  traa  3  to  G  Unai:  if 
head  inilicAt^l  by  h  awclllDg; — il£  mudal  txtrvDiitj  (in  whiclj  jfl  pcuii  %  «hit«  lii]«,  indi 
cBllng  the  contiuimtiou  of  tbe  medoltn  KjiinaliH),  Blender,  uid  torruinntjug  in  the  aiDbUuv 
cord; — the  mputh  iuclioHtyl  liy  »  rluft,  the  eyea  !iy  Iwu  blauk  iiuiiiLs ;— memben  bc^ 
la  apiiev  u  niiijile-like  prutubemuno  ;~lirer  (-xupius  the  ii>hiil«  aliiJ-iuieD  ; — the  UadJI 
in  very  Urgo.  The  dmricn  it  vUloua,  hut  ila  rilloBiticD  aie  alili  diffused  ota  Uie  >U 
gaWnce. 

Embryo  of  D  Kttkt. — Its  length  from  7  to  10  Ihica; — ita  weight  frnm  10  tti  TS  snio* 
bee  diatinut  Fnim  cnoiDm ; — ujiertnre  of  now,  month,  eyes,  and  e&re  perceptible : — bM 
dUtiniH  from  thorax ;' — hands  ilqJ  fure-itrDiH  in  the  middle  uf  (he  teaglfa,  fingcn  diAiiKA 
— \fafi  BJid  fei^  Hituated  uear  the  [ldus  ; — i:lnTi[:li7  nod  mAiiUaiy  I<odg  pnAmt  a  point  4 
oK>il)eBtioii ;— diHtiiKt  uuibitii.'ii9  fur  alUu'Liueut  nf  curd,  "hirh  nt  that  time  tnaaMmtd  t^ 
Dmphn!o-me»?nui?  vcts^lH.  of  n  jhiprtiuu  uf  thr  unLcfaira.  of  a  part  iiif  Ui4  iDlotUnAl  tvb«,  tM 
of  libimfiits  which  reprencnt  the  umhUiFiil  TeatrlH.  Tlie  pUocnta  brgioa  to  be  tormcAf* 
the  i^KiiHon  »fUU  AejiAral^  fr^m  the  nmuioD ;  the  umbilinkl  TndeJe  TBtj  lar^  | 

Emliri/o  nf  1  jnOTi/A*.^Lingth  from  10  to  IB  linoj^weight  from  ISO  to  3U0|p9iu^ 
etbuwH  aod  arms  deUchal  from  the  trunk ; — heeta  uid  kueei  also  iaolntal  i^rnilimtDls  « 
the  ooae  and  of  the  lipa;  palpcliml  oin'le  beginning  to  ahov  itA»-lf  ;--<:fitJkrib  or  peni 
appannt ;— auiuA  marked  by  a  dark  ^fmt; — nidiDieuto  of  Inngi,  npliyrn.  and  ivuprm-itEMl 
oqwnlii*; — aeoum  plwail  behind  the  nmbiliiroii^  — digeative  uauai  wtthitrawu  into  thi 
RHOtnun  ;^uniehuB  viiuble; — oaveoUB  puiiiu  in  the  fronlAl  bone  uhI  in  llie  ritiii.^Cbar>a 
oDmntcaeing  to  touch  tbe  sDinion  at  the  point  opposite  the  insertion  of  tJie  pl^iseblA ;  |tL* 
centA  he^uA  to  oaaume  its  T^gnfar  form ; — umbiLiral  Tessela  oommenee  twiatjli^, 

Emlrn/o  iy/3  iiumlhi. — Length  fnim  3  to  24  inphea; — weight  from  I  oi.  to  I)  in.  (Trvft 
— head  luluminoua ; — eyelids  iu  eoalju-t  hf  tbeit  free  rnu^u  ; — membnoa  pajnUun  nl 
ble ;—  uuiuth  dor^eil ; — iin^era  c'ouipletelj  aBparal«d  ;^inrGTiur  exLminilJfla  of  gtialvr  iMf^ 
than  nidimetitury  tail; — r.-lil<:iris  and  peuia  reij  liinf( i^thymoB  aa  irsll  ■■  mpm-fiM 
CBpnlu  pntsent; — aecum  ptiued  lieluw  thit  uiabiUeua; — cerobnuo  S  Haa,  eertbelhiB  i 
Hoea.  medulln  oblongata  1}  line,  and  meilulla  st>iualut  ]  of  a  line,  in  diwaeur;— 44 
TeotricleA  of  heart  distinct.- — The  decidun  refloQ  and  dnidua  nterina  in  eoniact :— ^fl4 
oontains  umbilical  Teasels  and  a  little  of  the  kieiatiue  of  Warthon ; — plAct^uta  miiiplaM] 
isolated* — umbilical  TcaicK  allantoia,  and  ont)>haJu-nieaenuc  Tuawla  liate  diuppoanri.    ; 

Faltu  o/  i  moiillii.  —  Irfngth  5  lo  6  iachfs  ;  -«  eight  3^  to  3  ut;— "kin  VMy,  eiilinli(| 
denae ; — mr>uUi  lery  large  and  oin:n  ; — mcmhnmn  pupiUaris  lucy  eiideut ;-  nails  b^ia  1 
apptsir; — genital  organs  and  sex  distinot ; — ^aienni  jilneed  near  the  ri^ht  kidney  j^oQ 
bladder  sppuuriny; — mecuninm  in  duudeuatu  i— (wnJ  vain  vinUe; — uinbdieua  fJaM 
near  pubis i — osxicnla  auditorU  oteilietl ; — points uT ouifiaation  in  supcrioi  put  uf  iiim 
— nwrnlimnu  forming  at  prjiut  of  insorljon  of  phtoenia  on  ulenu; — euniplelfl  sudImi  a 
ehoiion  n-ith  amnion. 

PiBtvM  of  C  fnouf^.—  Length  G  to  7  inches; — weight  5  bt  7  ox.; — volamv  of  ImmI  MJ 
oompantiiely  great ; — noils  very  diatini^t; — hair  beginning  to  appear; — akin  willioUfllta 
oemia  eu<ariiig ; — wliiU  snbitanw  in  cereliellum  ; — heait  and  kidneys  lerf  to1ainilu>a;— 
oeenm  aituated  at  inferior  juut  of  right  kidney; — galbhladder  distinet: — genua  t4  |tf 
manent  l«eth  appear;  ]Kfiuta  of  osxiticatiLm  in  pubis  and  caJcanennj; — [neevuatt  Hal 
yelloviiab -green  lint,  and  oMn]iie«  conmumcement  of  large  inle«tinek  ' 

Fat"*  uf  i  monl/U.— LengUi  6  !■>  10  inrhea; — weight  1  IU; — akin  ]iiiBanla  «fl 
appoarance  of  filming  atmcture; — eyeliils  still  seglatiiiated,  and  membnuta  rupllirf 
ramaina; — uoooli  be^  to  qipeai  In  uolou  ;— funii  inserted  a  little  abore  palria<-  ' 


*  See.  on  tlrii  last  [-oint.  Muruiu  in  "  l«ncell«  Fran^ais^"    tG37;  and  l>r. 
in  "Ouy'i  BoBiutal  Oei-ort*,"  1812. 
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jrurfflUli  tvA  ; — linir  whiW  ur  idirvry  ; — KliAot-uua  cuvt^riug  bflginB  to  prsAenl  itfleir  ;— 
s^'-riium  m  Lor^  inl^^^ifii — tiver  Jntk'T^d; — gAll-UikJdur  DODtAioa  eeroiw  tJoiii  desti- 
e  ••!  hitk'rutsH  -, — tistu  near  kidtiejs;^ — pdiuUuf  uaaificatiuD  iu  fuor  diviiiODiaf  sleruutu ; 
iMliMIc  [Hriiii  ut  liiwer  tiu\  (if  nenjum, 
"Vmhii  n/  7  iiiu-itJu. —Leaglh  13  to  IS  iuchas ;— wdgbt  3  to  4  Hi*,;^kin  of  rniij 
tJiiult.  KDil  filmjus ;— setpoceoua  pmeruiR  l>C),'iu8  W  »ppeM  ; — ucils  liu  niil  yet  rowb 
iillici  of  fiiiguni; — ejeliiU  uu  lunKer  mlUuniut; — membnion  ]iniiillimii  ilisnppettriiig ; 
piiLUb  uf  o«6itii.7itJuJi  in  tbi^  jujiialDgUB ; — iDL'iA^piu.ut  occupit'ii  ntmrlj  tha  whole  oE  \argti 
'tine; — Talirnlie  coumv^uleia  liogui  Vt  appfar; — iiwuui  p1ri>:ai  io  nglit  iliiu.' fusn;-^ 
loliL-  of  liver  almost  as  large  H  right ; — gali-bl udder  csjutAius  liile ; — hrain  pouetsw 
ire  «ui>>in<:acy  1 — -lectiotea  mure  distuit  from  kiJni;ya;~uuJille  puiat  nt  a  [ittle  balov 
gf  >ter[iuiu. 

•tf  8  timlhi. — Length  14  bi  16  inches; — weight  4  or  6  Iba.; — akin  oorerrd  with 
'k^  sebueoUfi  envelope; — nails  rencli  extremltiei^ of  linger£; — -laeTubnuiapDpilliuifl 
inriiihlc  during  this  mouth  ; — a  point  of  ossification  In  la«t  vcrwlim  of  aaonuo  ; — 
of  inferior  exlreuiitj  of  ftjniur  prewiiU  no  ventre  of  oraiGcntion ; — brtuo  luu  tome 
lifatioDS  of  cunTolationa ; — ioaticlis  dimcend  inlo  internal  ring ;— middle  puint  niiorer  tho 
ibiliiTiu  than  the  sterania. 

Fala*  of  9  monlht,  tht  full  lerni. — Length  frnm  IT  t>)  21  indies  :—wcTttht  from  5  to 
tbk.,  the  arero^  prohublir  uliimL  64  lbs. ; — bead  covered  wiih  hair  in  ^^rruitcr  or  hst 
itilf,  of  from  9  to  IS  liuts  in  len^  ;^kiii  ooTered  with  euboccous  nmltci,  espwinlly 
trends  of  joints; — ^membranH  pupillaria  uo  longer  eiists; — extermd  auditory  meatus 
i:&rtila^nouii  ;-.-four  purtioos  of  o-jcipitiil  bone  rnnain  distinct; — <^  hyoides  not  jet 
ied  ; — [niint  "t  oeufioilion  to  the  centre  uf  cortdlnge  aX,  lower  eitiemity  of  feDnir; — 
Ic  and  gn;  9Dlittsiiw«  of  brun  becuioe  dininct;—  liver  dewMinds  U>  ambllictis; — tustoi 
>!•  pousd  ingninid  rin)^,  und  are  fniiiiieally  found  in  tliu  scrotum  ; — menmiDm  nt  termina- 
oS  Urge  intestine: — middle  puint  of  bmiy  at  umbilicus,  or  a  little  bek>w  it- 

9(19.  Fi'om  the  time  of  its  entrance  iiito  the  world,  tho  condition  of 

Hauiau  In&ut  is  e^entiitlly  cliunged.      It  is  no  longer  siij)|.>licd 

ith   nutmuent    hy  the   <lirect    traiismieaion    of  oi^niznble    inntcvriftls 

ni  the  rireulutiug  fluid  of  the  luothiT  to  its  own  ;  but  obtjiina  it  by 

o  ]>ri>ces3Ki  of  digestion,  abisor[itiou,  and  (isaimilution,  which  involve 

IK  vstablislimeut  of  new  modes  of  vitul  iictivity  in  its  own  organism.     In 

onler,  however,  thut  the  thauge  uiay  not  be  too  sudden,  the  nutriment 

srided  by  Nature   for  the  early  j)eriod  of  infantile  life,  is  svich  ns  to 

ion  tlie  least  jmesihle  demand  U|xin  ita  vital  powers,  for  the  prcpara- 

ion  of  the  orgatiizalile  nmtci-ial  which  is  required  for  its  fiirther  growth 

dcvelo|jment.     But  the  transition  is  &  most  important  one  in  another 

,icular;  the   infant  is   now  thrown   in  a  gi-eat  degree  upon  ita  own 

■urees   for   the  generation   of  its   Heat;    and  this  it  ia    enabled  to 

iinipli^  by  the  comliustion  of  a  portion  of  ita  food  which  is  specially 

vidcd  for  the  purpose,  tl  lis  combustion  being  promoted  by  the  aiTange- 

inentB  lor  that  active  Respiration,  wljich  now  Bupersedes  the  very  limited 

ui^i-ation  of  its  circulatiuij  fluids  that  wati  suihoient  during  fata!  life. 

In  the  movements  of  the  respiratory  niuaolea  and  of  the  walls  of  tlie 

alimeatuiy  canal,  we  have  a  new  source  of  ex]icnditiire  of  vital  force,  and 

deslmetion  of  tissue ;  and  this  expenditure  ia  progi"esaively  augmented, 

the  motions  of  the  body  and  limbs  become  increasingly  active.     Thus 

e  find  that  the  formative  ptiwers  are  not  esercisod  during  Infancy  and 

ildhood,  solely  in  the  cuiulnivliifH  and  awjwentaljmi  of  the  fabric  (aa 

ey  were  during  embryonic  life),  ainee  there  is  a  constant  demand  upon 

em  for  its  maiidmiance :  and  this  demand  becomes  greater  and  greater, 

proportion  to  the  activity  of  the  Aninml  powers.    Those,  at  first  called 

exercise  by  the  atimulus  of  Buujiory  imjiressiona  u[K>n  the  Nervoo* 

(§5D1).  are  sjieedily  brought  into  very  enet^tic  operation.     This 

,tion  is  of  an  extremely  limited  character,  being  at  tiret  ptirely 
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tmsoriai,  onJ  for  some  time  aflerwanls  airnply  perccfiim  (5  60S).' 
the  toliole  Mind  (such  as  it  b)  litiii)^  giveii-up  to  it.  luthiU  of  ijbtfr^ 
timi  are  formed,  wbich  an>  uevev  subsequently  lost ;  iLe  iufntit  le«n 
how  to  use  Ilia  Orgiuis  of  Sense;  and  lie  also  awjuires  those  powepi) 
interpreting  their  indications,  which  liecotue  so  cotn|iIetel_v  engrafted  inl 
hia  nature,  as  hpnce forth  to  seem  a  part  of  it.  Although  Ihia  Education 
tbeSenaeH  will  iiece-ssarily  go-on,  even  nithciiit  any  intt-utional  af»Litiiiil 
on  the  part  of  others,  yet  it  ib  in  the  power  of  the  Mother  or  Niirsci 
promote  it  effectually,  by  aupplyiiig  olijects  of  various  kiniis  which  tl 
lufaut  mny  look-at  nnd  gruap,  and  by  not  abruptly  interfeiing  (by  ti 
too-speedy  withdrawal  of  auch  objects)  with  the  procfsa  by  which  tl 
visual  and  tactile  ]ierceptiona  are  blended  and  haiTOonized  (5  758),- — Ti 
Norroiia  syMem  of  the  Infant,  although  thus  called  into  extraordiiiMil] 
energetic  activity,  cannot  long  Hiiitiain  that  activity ;  a  vt-ry  large  uesKiu 
of  Sleep  is  required  for  the  restoration  of  its  apeedily-eshausted  [•owen 
mid  any  unusual  excitement  of  them  lends  to  injurious  disturl^oea  t 
its  nutrition.  It  is  nwiiig  to  this  peculiar  susceiitibilitj'  of  the  NerT0< 
system  of  the  Infant  to  external  influenees,  tliat  medicines  (especial! 
naix'oties)  whichexerta  special  inlluenceuponthat  8y3tem,areso(>ecuUiirI 
pot«ut  in  their  effects  at  this  period  of  life,  that  tlie  greatest  eautton  I 
needed  in  their  administration. 

970,  The  most  important  developmeut.T.1  change  which  owiirs  i 
Infancy,  after  the  complete  establish  raunt  of  theextm-utcrine  cirrulatio 
(§  897),  is  the  completion  and  eruption  (if  the  Urat  set  of  Tetth ;  tl 
greater  part  of  whoso  formation,  however,  has  taken-place  before  hiitl 
These  "milk'  or  'deciduous'  teeth,  20  in  number,  usually  make  iIm^ 
appearance  in  the  following  order.  Tlie  fouroentral  Incisors  first  pitam 
theniaelvea,  iisually  about  the  7th  mouth  after  birth,  but  frequently  mua 
earlier  or  later;  thfwe  of  the  lower  jaw  upjiear  first  The  Intend  lociwi 
nest  show  themselves  tho.Hc  of  the  lower  jaw  coming- through  liefin 
those  of  the  up]ier;  they  usunlly  make  their  appearance  lietween  the  7tl 
and  10th  months.  After  a  short  intciTal,  the  anterior  Mol.ii-s  j>n'3cil 
themaelvea,  genemlly  soon  atW  the  termination  of  the  12th  mouth;  an 
these  are  followed  by  the  Canines,  which  usually  protmiJe  thpnusdn 
between  the  14th  and  20th  months.  The  pnsleriur  Molars  are  the  lad 
and  the  most  uncertain  in  regard  to  their  time  of  appe-aroiioe ;  tlii»  vaij 
ing  from  the  18th  to  the  3ljth  month.  In  regard  to  all  except  the  froB 
teeth,  there  is  no  settlerl  rule  aa  l-o  the  priority  of  appeHraiice  of  thow  y 
the  up|Hir  or  under  jaw;  aometimes  one  precedes,  and  sometimes  tb 
other;  but  in  general  it  may  be  Btated,  that  whenever  one  makw  H 
appearance,  the  other  cannot  be  fai-  off.  The  iiame  holds-good  in  i>^»n 
to  the  two  Bides,  in  which  development  does  not  always  proceed  exni-ll] 
pari  /ni/mii .—The  period  of  Dentition  is  sometimes  one  of  considentbli 
risk  to  the  Infant'a  life;  and  this  especially  when  an  irritAble  siAteof  Ui 
nervous  system  has  lieen  brougIit-alK.iut  by  unsuitable  food,  uuwboloMiiM 
air,  or  sonic  other  cause  of  disordered  health.  In  such  (nses,  the  preead 
upon  the  nerves  of  the  gum,  which  necessarilyprecedes  theopeniDgoflli 
sac  and  the  eruption  of  the  tooth,  is  a  fruitful  source  of  irritation  ;  vii 
ducing  disturbance  of  the  whole  syatoin,  nnd  giving  origin  l«  Conrulafl 
affections,  which  are  not  unfreqiiently  fatal  These  have  been  parl.icnlai^ 
atudiod  by  Dr.  M.  Uall,  who  reeominends  the  free  um  of  tlie  gum-! 
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a  most  inipoi'tADt  means  of  preTsntion  imd  cnre^  but  tbe  Author  has 

I  'liiubt  lliat  too  much  attyotion  had  t«3eu  given  to  the  immeiliate  source 

tlic  irritation,  and  too  little  to  thi.'  goiioral  state  of  the  syatcm ;  and 

.t  coustitiitiouol  triaitrneut,  espcciiilly  cliaDge  of  air,  and  improvement 

tlin   iliet,   19   of  fuiidumaiitid   importiujcp.      In   infants  whose  general 

Itli  it*  pwd,  and  wlio  are  not  over-fed,  Deutilioii  is  usually  a  source  of 

t  very  trifling  disturbance ;  a  alight  febiile  action,  lasting  oidy  for  a  day 

or  two,  being  all  that  marks  the  passage  of  tlio  tooth  through  tLe  uupaide  ; 

lUid  its  eruption  thi'ough  the  gum  taking-place  without  the  least  iiidica- 

*""■»«  of  sull'eriug  iir  disorder.     Any  existing  malady  or  abnormal  tendency, 

wover,  is  pretty  siire  to  lie  aggravated  during  the  ■  cutting  of  the  teetli ;' 

id  it  is  thereforo  of  thf  greatest  consequence,  thiit  the  iuftint  ithuiild  Ijo 

ithdrawn  during  this  pei-iod  from  all  injurious  influenees;  ami  that  no 

iilarity  of  diet,  or  deficiency  of  fredi  air  and  eserciae,  should  operate 

its  disadvantage. 

071.  Although  there  are  uo  well-marked  divisions  between  the  periods 
Cliildhood.  Youth,  aad  AdoleiMMnce,  through  all  of  wliich  we  witiicM 
ic  continuance  of  the  proeesaes  of  Growth  and  Development  (though  in 
gmdually-deci'eaBing  ratio),  yet  we  imiy  njipropriately  distinguish  each 
the  epoch  of  one  of  those  important  changes  which  tend  towai'ds  tlie 
iletion  of  the  fabric;  namely,  VhiUUnmd  as  ranging  tlii-oiigh  tlie 
■r  |iait  of  the  period  of  tin;  second  Dentition, —  Yunik  as  charaeter- 
hy  that  increased  evolution  of  the  sexunl  organs,  and  by  tliose 
Qcrid  constitutional  changes  uucoiujiauying  that  evolution,  which  ulto- 
mmstitute  Pul*orty, — and  AdAjUsrei^ce  as  distinguished  by  that 
consolidation  of  the  O.^seous  skeleton,  which  is  not  completed 
til  the  full  stature  has  been  attained.  It  will  be  convenient  tirst  to 
insider  what  is  common  to  all  these  periods;  and  then  to  notice  the 
.titre.s  by  wliich  tliey  are  severally  characterized. 

1)72.   TLe   passage   fi'om    Infancy  to   ChUdbood   may  be   regarded   as 
marked  by  the  eniptiou  of  the  '  deciduous'  Teeth ;  by  the  termination  of 
at  dir'ect  supply  of  food  to  the  oflfspring,  which  is  afforded  until  then 
tlie  Mammary  secretion  of  the  mother;  by  the  dawn  of  the  Intellectual 
wers,  manifested  in  the  first  efforts  at  speaking ;  and  by  the  acquire- 
ment of  siiiEcieut  control  over  tlio  muscular  ajiparatus,  to  I'ender  it  suh- 
■rvieut    to   the   increasing   desire  which   then  displays  itself   for  inde- 
nilent  Locomotion.      All  these  advances   usually  take   place   siiiiulta- 
lusiy,  or  nearly  so,  during  some  ]>art  of  the  second  year;  some  Infants 
:iog  much  more  forward  than  others,  both  in  '  cutting  their  teeth'  and 
ing  to  walk  and  to  talk.      When  they  liave  been  completed,  the 
;d  enters  u|X)n  &  liJe  which  is  in  many  respecte  new.     The  alteration 
its  diet  involves  a  much  higher  activity  of  all  the  organs  which  are 
inoerued  in  making  bloctd ;  whilst  its  greatly- increased  amount  of  exer* 
aou,  both   of  iHxly  and  mind,  gives  occasion  to  a  more  i-apid  diaintegra- 
ion  of  the  nei-vous  and  muscular  tissues,  and  hence  to  a  higher  activity 
'  the  Excretory  organs.     This  will,  of  course,  progressively  angment,  in 
'■proportion  as  the  Kervo-muscular  apparatus  is  brought,  with  advancing 
years,  into  more  vigorous  and  more  prolonged  exercise;  until,  with  the 
lAttainment  of  adult  age,  the  disiutegration  of  these  tissues  comes  to  l>o 
o  chief  source  of  the  Excrementitious  products.     But  during  the  whole 
iod  of  increase,  there  is  another  source  of  demand  for  nutritive  activity, 
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in  ttint  perpotiial  rc-eimMrwluin  <if  the  fabric  (involving  a 
tinual  piiUing-iliiwn  ftiid  relmilding  on  d  larger  smle.  all  the  old  tnnt^rol 
being  carrie(l-away  as  usclesa),  whicli  ia  a,  uecpssary  condition  of  it 
growth;  but  this  di'iuand  of  course  Blackens  with  the  diminution  of  tli 
rate  f>f  increoae;  Rud  at  butt  it  cea«!s  nltogetlier,  just  when  the  othfl 
attains  its  nuucimum.  IIciic«  tlio  demand  for  food,  <m  the  one  hand,  an 
UiH  amount  of  excretory  uiattcr  wrt-freu  from  the  body,  ou  the  oth<T,  al 
remarkably  largo  during  tbe  whole  of  this  period  :  the  child,  as  vvti^ 
one  knowa,  conauming  tar  more  nutriment  than  the  adiUt,  in  prufiortiai 
to  the  weight  of  their  resi>eettve  bodiw;  and  the  like  lieing  true  of  tli 
quantity  of  carbonic  aeiil  exhaled  from  the  lungs  (^  3IG  iii),  aud  nf  tl) 
nrea  giveu-off  from  tlie  kidneys  (§  411). — That  the  germiiuJ  cnpacitj 
tbou^^h  inferior  to  that  of  the  embryo,  still  persistK  in  a  high  degn 
during  the  period  of  childhood  and  youth,  is  shown  in  the  rendiaees  wit] 
which  the  effects  of  injuries  and  disBasH  are  recovered- from  ;  for  altjiou^ 
the  regeneration  of  lost  piirts  does  not  tiike-])li»co  t^)  nearly  the  sani 
entent  as  during  early  embryonic  life,  yet,  >ip  to  a  certain  point,  it  1 
effected  with  great  com]deteue9s.  and  with  much  greater  rnj'idity  tiian  i 
later  epochs.  It  ia  still,  in  fact,  rather  hi  the  exercise  of  IbmuitiV 
power,  than  in  the  production  of  nervo-muscidar  vigunr,  tliat  the  viti 
force  of  the  earlier  part  of  this  period  is  displayed  ;  and  we  inay  rsadi^ 
tracp  such  a  relation  of  rwiprooity  t"jtwcen  these  two  niodet  of  it 
manitcatalion,  as  is  strongly  indicative  of  the  community  of  their  aourM 
For  it  ia  fiimiliw  to  every  observer,  that,  when  the  growth  nf  a  child  4 
a  young  peisou  ia  peculiarly  i]uiok,  hia  nurvo-muBculiir  oiior^  is  osnaU 
feeble,  and  hia  power  of  eiidunuico  brief,  in  comparison  with  that  whia 
can  be  pvit-forth  by  one  whose  fraum  is  undergoing  lens  rapid  iui."rau<< 
And  we  oliservo,  moreover,  that  the  cajwcity  of  resistance  to  dcpretsiiii 
iafiuencea  of  varioua  kinds,  which  is  a  no  leas  decide"!  manifi«bitjcin  a 
the  vital  power  of  the  organism  (seeing  tliat  these  influencts  are  of  i 
kind  which '(^n({  towards  its  death),  is  possessed  by  the  latter  in  a  El 
higher  degree  than  by  the  former.  This  is  remarkably  the  caw  il 
regard  to  privation  of  food  and  depreasiou  of  external  t«mpcmtur« ;  and* 
which,  too,  children  and  yonng  personH  succumb  much  more  speedilv  IliM 
adults. 

973.  It  in  most  interesting  to  trace,  during  the  progreffl  of  th<->  Avit 
lopmcut  of  the  bodily  fabric,  the  grailual  exjinnaion  and  inngoratiou  6 
the  Mental  powers.  The  iKiquireraent  of  Language,  aa  already  mnarka 
(5  013),  constitutes  the  most  irajKH-tant  step  in  the  development  of  th 
iileatifiial  consciousneaa ;  and  it  is  easy  to  recognize  in  the  p«ryrlu<i 
manifestations  of  Children,  the  further  progress  of  that  dcvdopmeid 
The  formation  of  Aggociali/jrui  between  ideas  (§§  fi32-li3(<)  tiUEM-pM 
with  ertraonlinary  n^adiiiess  and  tenacity  during  the  eorlieet  p«ri>«]  0 
childhood ;  and  these  exercise  so  much  influence  over  the  BucoMsiun  ij 
the  thoughts  during  the  whole  remainder  of  life,  that  "  the  forw  of  e*f^ 
ttBaociations"  has  become  proverbiid.  Out  of  these  associations  arisen  dj 
the  one  hand.  Memory  ($  613)  and  Imagination  (§  1)48);  ou  tlte  otU 
hand,  those  simple  processes  of  Kr.'asuniug  (§  GiCi)  which  are  ntveaouy  I 
the  development  of  a  higher  class  of  idea.'-.  Thus  the  mind  pnsHs  fro^ 
those  primary  notions  of  individual  objects  wtiicb  are  directly  mgfMUi 
by  soDSo-perceptiona,  to  those  aiialracl    ideas  of  thi^r  qualit 
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enabli^  tbem  to  recognixe  those  qualities  elsewhere,  tiotwithstimding  the 
existence  uf  diflerfinccs  in  other  respei.'ls;  and  thence  to  those  'jffneral 
ideas,  in  which  ihe  aliatroctioiia  ivre  eiubodieil  {§  61li).  In  all  these  pro- 
nStaace,  the  ohild-iulnd  seems  to  Iw  so  entirely  concentrated  upon  the 
|)Mticulftr  auliject  of  its  thoughts,  as  to  bo  '  piiasosaed'  by  it  for  the  tinie, 
^uopt  its  citcopletely  aa  a  '  biologized'  snbject  is  by  hia  domiaaut  idea 
($  672);  and  no  proiongyd  study  of  it  is  required  to  justify  the  state- 
ntent,  that  its  o[«raLious  ivre  for  some  tiine  entirety  automaliCt  and  that 
the  acniiiroment  of  Volitional  control  over  them,  on  the  piLft  of  the  indi- 
vidual, is  a  very  gmJiial  process  (§  C77),  As  a  j;eneml  rule  it  may  bo 
l»id>duwn,  that  the  nctivity  with  which  tho  formation  of  new  ideas  takus- 
pluce  in  the  child,  iind  the  rapidity  with  which  the  Stti-ntiou  transfers 
itself  from  one  object  to  another,  prevents  any  sinfrlo  state  from  fixing 
itwlf  duniblyin  the  consciousness,  so  that  the  Memory  presurves  but 

Kit  truces  of  the  grenter  [.lart  of  what  passes  through  the  mind :  iind  it 
(for  the  moat  part)  only  when  tjie  same  tlioughte  are  frequently 
orred-to,  that  they  tjike  root  (so  to  s]jeak)  in  the  p^chiool  nature. 
Btill  we  uccaaionally  dnd  tliat  ptrtieular  impi-essions  exert  a  very  pownr- 
influence  on  tho  subsequent  course  of  thought  and  feeling;  and  there 
I  gaud  reason  to  believe,  that  even  where  the  ctntsciiitiinies^  loses  its  hold 
•  theiu,  iniprcBsions  of  a  transient  nature  may  leave  such  traces  in  the 
that  they  may  be  reproduced  at  any  futui'c  time,  when  the  appro- 
priate suggestion  may  hnjjpen  to  be  sup])lied  (§  1542). — Whilst  tho  idea- 
,.  tiiiiuil  consciousness  is  thus  being  expanded  and  elevated,  the  lUiitotunud 
of  the   PByi'Lical   nature  is  rapidly  acquiring  a  greater  range  and 
enaity  of  action.      The  inlant  and  youn;i  child  give  ample  evidence  in 
■  actions,  of  the  Bevernl  forms  of  Emotional  Sensibility  whicdi  connect 
hemselves  with   Sensational   and   Perceptive  states  (§§  Go2,  (!(l7,  fi09); 
at   no   sooner   does  the   development   of  Ideas  tomnionee,  than  the 
■ions  modilications  of  '  feeling'  attach  themselves  to  (Aaic  (§  61&);  and 
I  almost  every  thought  that  is  not  a  purely-intellectual  abstrad.ion, 
Omes  to  possess  more  or  less  of  an  Emotional  character.     Here,  again, 
■  trace  the  powerful  influcnceof  early  impressions;  for  notwithstanding 
M.  the  state  of  feeling  which  is  habitual  to  each  individual,  may  depend 
great  degree  upon  his  original  constitution,  yet  it  is  unquestionable 
at  it  is  largely  influenced  (especially  in   its  asaociation  with  ])articuhu* 
I  of  ideas)  by  symjxilhy  with  the  like  states  in  those  among  whom 
ild  receives  its  early  education  (5  COO).      It  is  of  peculiar  import- 
therefore,  that  tluH  example  should  be  such  as  it  is  wlioleaome  for 
chUd  to  imitate;  sin«e  it  is  upon  the  habits  of  feeling  thus  early 
armed,  that  the  happiness  and  right  conduct  of  after-life  mainly  depend. 
.  statement  (which  apphes  with  yet  greater  force  to  the  Moral  Sense) 
ny  at  (irst  seem  incon.sii^lent  with  tjie  well-known  fact,  that   the   Emo- 
of  childi'eu  are  peculiarly  transient  in  their  charaoter,  even  when 
bey  are  violently  CAcited;  one  state  of  feeling  giviug-piace  to  another, 
fen  of  the  moat  opposite  kind,  imder  the  influence  of  some  new  impres- 
or  of  some  change  in  the  direction  of  the  ideaii.     But  the  same 
eneral    principle  applies  to  this  case,  as  to  the  formation  of  haViita 
'of   thought;    namely,   that   although   Inilividiial   impressions   are   more 
speedily  dissliKtted  from  the  minds  of  children  than  from  those  of  adults, 
tyat  that  when  impressions  of  the  same  kind  are  frequently  i-epeated,  the 
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brain  tfrowt-tu  them  in  bucU  a  manner,  that  they  come  to  take-part ' 
■were)  io  its  ordiuwy  working ;  anit  thus,  by  CBtablisbing  a  jiiirtitrular  modi 
o{  nutritive  asauniliitiim,  tliey  t«n(i  to  perptCuale  tluB  aeqiiuvd  lutlnt,  a| 
whatever  nature  it  l>e. — The  right  training  of  the  Eniottunitl  teiidendcs 
and  all  the  higher  uses  of  the  Int^iUectual  Faculties,  di'i>eud  in  (ire*l 
degree,  as  already  shown  (§  CGil),  upon  the  influence  of  the  WUl  in 
directing  the  current  of  thought  and  feeling;  and  thia  becomes  greataa 
and  greater,  if  lightly  cidtivatcd,  with  the  advance  of  years,  so  that  llw 
|]Bychieul  ]»jwers,  whilst  themselves  acquiring  an  increase  of  vigour  and 
coinyireheusivedoas,  are  brought  more  and  more  under  the  control  of  tht 
iudividual,  aud  can  be  utilized  in  any  way  in  which  he  may  chooae  U 
employ  them.  Thus  with  a  diminishing  mobilily  of  thought  and  txcita 
hitity  of  teoling,  the  Mind  iM^eomes  more  aud  more  cajiable  of  auatatnei 
and  driemtinaldy-cojicentraifd  activity ;  and  is  at  the  same  tinie  [ir» 
gresaively  acquiring  that  store  of  femiliar  ficpwiViu-M,  which  not  onlj 
ooustitutea  the  basis  of  all  attainments  in  special  departmuita  o| 
knowludge,  but  sujipliea  (when  judiciously  iised)  that  '  com moii- sense'  hi 
which  WB  form  most  of  our  judgmonta  and  direct  most  of  our  conduct.—- 
During  this  jieriod,  moreover,  the  Muscular  apparatus  of  Animal  lifi^ 
whose  actions  are  at  first  purely  automatic,  is  brought  more  and  mon 
under  the  direction  of  the  Miud,  so  as  to  express  its  ideas,  its  feulin^ 
and  its  volitions.  And  it  is  wliilst  this  tranafei-ence  is  going-OD,  thai 
new  habits  of  action  are  most  readily  formed,  and,  when  once  formed^ 
are  ihinihly  impressed  ujioii  the  organism  (§§  514,  550, 794). — The  esuM 
wliich  must  esiHt,  during  the  whole  of  this  period,  in  the  con*lm«titi 
over  the  daitnii-J.ive  activity,  and  the  large  amount  of  the  latter  whidi 
(as  already  shown)  arLses  out  of  the  very  natm-e  of  Growth,  in  ndditica 
to  that  which  proceeds  trom  the  increai»ed  activity  of  the  Aiunia]  fuiu> 
tioiis,  neccssiUttcB  a  much  larger  pro|>ortion  of  rtsposc  than  suffices  Iba 
the  adult ;  but  this  necessity  diminishes  with  the  progress  of  yntn,  foi 
the  reasons  already  me-ntionedj  aud  thus  we  find  that  whihit  the  young 
child  passes  16  or  18  hours  a  day  in  sleep,  half  that  time  euffices  for  tlM 
youth  just  untiring  on  manhood. 

974.  Tho  .St-eotui  DeiUition,  consisting  in  the  roplaocment  of  tlM 
diw'(/uo»j  or 'milk' Teeth  by  the  pennaneia  Teeth  that  succeed  tiuaa, 
which  is  the  most  important  developmental  change  that  occurs  darinl 
the  period  of  Childhood,  normally  commences  in  the  Tth  or  8th  ytwi 
the  genua  of  the  new  teeth,  however,  are  fonned  long  previously,  having 
tiieir  origin  in  a  pi-ocess  of  geiimintion  from  the  tooth-sacs  of  the  tem- 
porary t*eth,  which  takes-place  at  a  very  early  period  in  ths  de\-elo|im«i( 
of  the  latter.  The  three  permanent  Molars  on  either  side  of  each  ]•*; 
however,  have  no  such  origin:  since  they  do  not  replace  t«m)HiraT7  twthi 
Tho  first  pair,  which  usually  make  their  apiiearance  behind  the  tempotwj 
molars,  either  contemporaneously- with,  or  a  little  anteHorly-to,  the  Gn^ 
shedding  of  the  deciduous  t«eth,  are  really  '  milk'  teeth,  so  far  as  tlMt| 
origin  is  concerned,  since  they  are  develoj>ed  from  primitive  timtli  imcM' 
on  the  other  hand,  the  second  true  molars,  which  aftcrwarda  coiiie-tl|l 
lieltiud  them,  are  evolved  from  tootb-sacs  whicJi  bold  tho  same  nJMbaq 
to  those  of  the  first,  as  the  t<>oth-8BC8  of  the  other  peruianeut  t«<^th  M 
to  those  of  the  deciduous  teoth  which  they  replace;  and  the  third  tnd 
molars,  or  lientet  aapieiUUr.  liear  the  like  relation  to  the  ■eoond.  Altliougli 
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i-riiptioQ  of  the  true  molara  h  bo  long  postponed,  yet  the  foundation 

them  is  UM  nl  an  enrly  period  j  for  the  papilla  of  the  Jinl  is  diatin- 

islmbiejit  the  16r,]i  week aft^r conception,  that  of  the  second  at  the  7th 

lontb  aft«r  birth,  mut  that  of  the  third  at  the  lUh  year.     In  the  suc- 

live  repkccint-nt  of  the  '  niilt'  twth  by  the  '  iMji-manent'  set,  a  very 

tvgalar  order  is  usiinlly  followed.     The  middle  Incisors  are  tii-st  shed  dud 

reucwed,  and  then  the  literal  Incisors.     The  anterior  '  milk '  Molai-s  neit 

follow ;  and  tliese  are  replaced  by  the  anterior  Bicuspid  b-etli.      Ahoiit  a 

(year  aftei-wardis  the  posterior  '  milk'  M()krM  are  shed,  and  aro  rephii-wl 
iu  like  manner  by  Bicuspid  teeth.  The  Canines  are  the  hiat  of  the 
llnilk'  leelb  to  be  exchanged  ;  ia  the  unei'i'eiiing  year,  the  Beu'ond  pair  nf 
lfa«  true  Mulura  apjuMU-s;  but  the  third  piir,  ur  tl^iUes  wayc-ji/itr.  am 
nidijcu  developed  until  three  or  four  yeiu's  suhsequontly,  and  oAun  much 
Iat«r. 

•Jro.  It  has  been  prapoaed"  (and.  from  the  OTiileiioo  adduced  in  ita 
fiiTour,  the  prupoation  would  Hceni  entitled  to  cousidentble  attention)  to 
■dupt  thp  Hucooaaive  etugta  iu  the  Second  Doutition,  aa  standards  for 
cxtiiiiatin^  tlie  physical  capabiiitie^s  of  Children,  especially  in  regard  lo 
thooe  two  jutioib  which  tlie  Factory-Laws  render  it  of  tho  greatest  im- 

KIADce  to  determine:  namely,  the  agea  of  nine  luid  thirlcrn  yeai's. 
viously  to  the  former,  a  Child  is  not  jiermitted  to  work  at  idl;  and 
ilji  to  the  latter,  it  may  lie  only  employed  during  nine  hours  n  day.  This 
^^Beee^iities  or  the  cupidity  of  Tarentif  are  continually  induciiig  them  to 
^^p)Un?pi-[.-sent  the  a^s  of  their  children;  and  it  haa  been  found  desirable, 
f^lhcrrfore,  to  seek  for  aoinc  test,  by  which  the  CMpubility  of  the  Child  may 
be  determined,  withoot  a  knowledge  of  ittt  age.  A  utandaj^  of  Height 
been  adopted  by  the  Lc<rislutiire  for  this  pui-jxiae ;  but  upon  grounds 
hich,  phynioiogicftlly  considered,  ai-e  very  erroneous;  since,  as  is  well 
own,  the  tidiest  children  are  frequently  the  weakliest  (§  072).  Accord- 
to  Mr.  SaunderH,  the  degree  of  ailvanoo  of  the  Wecond  Dentition  may  bo 
.rded  aa  a  much  more  correct  standard  of  the  degree  of  general  deve- 
ipment  of  the  organic  frame,  and  of  its  physical  powers;  and  it  appeaia 
im  his  inijuiries,  that  it  may  be  relied-oc  as  a  guide  to  the  real  age,  iu 
large  pro|iortion  of  cases;  whilst  no  serious  or  injurious  mistake  can 
ir  arise  &om  its  use.  It  may  happen  that  local  or  constitutional  causes 
,y  have  slightly  retarded  the  development  of  the  Teeth;  in  which  case 
.e  age  of  the  indivi<laal  woidd  rather  be  under-estimated,  and  no  harm 
oould  ensue:  on  the  other  hand,  instances  of  premature  development  of 
the  Teeth  very  rarely,  if  ever,  occur ;  so  that  there  ia  little  danger  of  im- 
ting  tj)  a  Child  a  capability  for  exertion  which  he  does  not  possess,  as 
le  test  of  height  ia  continuiiliy  doing.  Moreover,  if  such  an  advance  iu 
luntitiou  should  occur,  it  might  probably  be  regarded  as  indicative  of  a. 
irrespouding  advance  in  the  ilevelopnient  of  the  wliole  organism;  so 
,t  the  real  caitahility  would  be  such  as  the  teeth  represent  it. — The 
owing  is  Mr.  Saunders's  statement  of  the  Ages,  at  which  the  '  perma- 
it'  Teeth  respectively  appear.  The  first  trae  Molars  usually  pre- 
t  theni.sclvoa  towards  the  end  of  the  7th  year.  Occjisionally  one  of 
lem  protrudes  from  the  gum  at  6,  or  more  frequently  at  C^  years  of  age; 
:t  the  evolution  of  the  whole  of  them  may  lie  regarded  aa  un  almost 
"  The  Teeth  K  Test  of  kfXt  conaiJered  wilh  reterBDce  Id  Ihs  Pulorj  ChildteD."     Bf 

3» 


CBARACTTRKISTIGB  OF  DITFEBUrT  ACRB. 


infallible  sign  of  tlie  Cliild's  being  7  ycai^  old.   In  other  in 

the  tooth  on  one  side  of  the  mouth  is  freely  developed,  it  ii  

the  two  an  having  emerged  from  their  oa[>SDle ;  since  the  development  4 
the  other  must  i*  coiisiilered  as  retarded.  This  rule  only  holds  good 
however,  in  regard  to  teeth  in  the  same  row ;  for  the  development  of  tit 
teeth  in  either  jaw  must  not  be  inferred  frum  that  of  the  i-orreapondini 
teeth  in  the  other.  With  this  understanding,  the  following  table  wil 
proh&bly  be  very  near  the  truth : — 

Centnl  iDdson  devduped  M 8  jnn. 

L&t4?r&1  iDcbon       - ^     x 

First  Bti^u^jiL*! .     .     .  ]0     ,1 

Suund  Biensiud Ho 

Cknian 12    to  li4 

BeoosdUolan 121  lo  U 

The  following  are  the  results  of  the  application  of  this  teat,  in  a  lugl 
number  of  cases  examined  by  Mr.  Saunders.  Of  708  children  of  niik 
years  old,  o^O  would  have  been  pronoimced  by  it  to  be  near  the  comply 
tioaoftheir  ntTi/Ayear;  having  the  central,  and  either  three  orfotir  lat^al 
incisors  fitlly  developcil.  Out  of  the  remnining  ITJ'.  it  would  hnveindt 
cated  that  12ti  were  8^  years  old,  os  they  presented  one  or  two  of  tin 
latenil  Incisors ;  and  the  52  others  would  have  been  pronounced  8  yean 
old,  all  having  tlu-ee  or  four  of  the  central  Inci.oora.  So  that  the  extreml 
deviation  is  only  12  months;  and  tliLi  in  the  incomiidenible  pivportiot 
(when  com]wired  with  the  resull.s  obtained  by  other  loeans)  of  52  in  708 
or  7^  per  cent.  Again,  out  of  338  children  of  13  years  of  age,  2S4mi|^ 
have  been  prononneed  with  confidence  to  be  of  that  age  ;  having  thi 
Ciinines,  Bicuspid,  and  second  Molars,  either  entirely  developed,  or  Bid 
only  the  deficiency  of  one  or  two  of  either  class.  Of  the  44  otltoif  3| 
would  have  been  considered  as  in  their  1 3th  y«ir,  having  one  of  the  po* 
terior  Molars  developed;  and  8  as  near  the  completion  of  the  ISllv 
having  two  of  the  Canines,  and  one  or  two  of  the  second  Kcuspid.  ll 
all  these  instaccea,  the  error  is  on  the  thvouralile  side, — that  ii^  on  ihl 
side  on  which  it  is  calculated  to  prevent  injury  to  the  objects  of  thJ 
inquiry;  in  no  instance  did  this  test  cause  a  Child  to  be  estiumtoilM 
older  or  moiv  fit  for  labour  than  it  really  was.*  i 

97C,  The  period  of  Ytiui/i  is  distinguished  by  that  advance  in  the  era 
lution  of  the  Generative  appanitus  in  both  sexes,  and  by  that  ac<]uirein«il 
of  its  power  of  functional  aetivity.  which  constitntes  the  state  of  PuUrtg 
Of  the  principnl  changes  in  which  this  consista,  in  the  two  sexes  rwpto 
tively,  an  account  has  already  been  given  (JJ  816,  S52,  915)  ;  and  it  i| 

*  The  Tuloe  oS  Hue  tint,  u  mmpared  irith  that  of  Height,  ii  muufeMed  b;  a  ttaJUl 
Kianiiile  niijuced  by  Mr.  Simnilers.  The  boiEhl  of  one  Ud,  J.  J.,  aged  8  jttn  mti 
moDtLn,  vox  I  fwt  iind  J  <■(  nn  ineli  -.  tliul  nf  nii»tli«r  bof,  agni  S  jtaia  *ad  T  ihT'M  w4 
only  3  foct  TJ  inchH.  AoM)nline  to  Iha  itsmturd  n(  bci^hl  ado|tod  bj  tbe  PutatrCkN 
miaiuutwni  (nuncl;  3  feel  ]D  iucben),  the  lalitr  In]  wunld  hsre  breti  juilgeil  Gt  tor  UtiMI 
whilsl  the  liorlnr  wuald  Lure  been  rejected.  The  DeatlLiDD  af  ihp  lattra,  lu]*mr,  «■ 
further  iu]Tiin(«il  than  that  of  the  foi-meTj  foT  he  hod  twu  uf  the  latenJ  laciMn,  *Mi 
thf  former  hnd  only  the  central :  uid  the  detenninntion  of  their  nlatim  phfneat  p«*«4 
w hi rh  would  hiie  bei'n  thui^  fui-uifd.  viuM  linvc  b»a  in  complcle  acnarlaim  nik  A 
trutli.  Tbe  elder  buy,  thuu^b  nhottfr  than  the  other  b;  S^  inchea,  poaeMtd  a  mti 
grenter  degree  both  of  a>r]nireal  and  mental  energy,  and  hii  pulse  wmt  tUva^  and  iwaka; 
whilst  thut  of  the  jocngBf  lad,  who  vu  cildenli;  gnnrine  Uki  bet,  va*  a^  »ai  ft^ 
qnent,— Aninatanee  even  more  rtriking  )tM  come  under  the  AnUior'a  m 
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merely  requisite  here  to  add,  that  this  augmented  deYelopment  can  only 

be  rigbtly  legarded  as  preparatorij  to  the  eneroiMe  of  these  orgimB,  and  not 

as  sliowiiig  that  the  aptitude  tor  their  ext'rciae  has  ali'eady  been  fully 

altJiined.      It  ia  only  when  the  growth  and  devflopuicnt  of  the  individuai 

are  completed,  that  the  proereative  jwwer  am  be  properly  exeiled  for  the 

eootiuuince  of  the  ni^t- ;  aud  all  experience  shows,  that  by  preiuatorely 

and  uni\'c>ti'u)iicdly  yiuldiiig  to  the  isexiial  instincts,  not  merely  the  gene- 

ive  power  is  early  exhausted,  but  the  vital  (rowers  of  the  organism 

enerally  are  reduced  and  permanently  enfeebled ;  so  that  any  latent  pre- 

sition  to  disease  is  extremely  lialile  to  manifest  itsell";  or  the  bodily 

(uur,  if  for  a  time  retained  with  little  deterioration,  caily  undergoes  a 

arked  diminution. 

977.     AAer  the  attainment  of  Puberty,  no  marked  nlteration  tidces- 
in  the  organisui,  save  the  continuacce  of  its  increase  in  atatiire, 
BuaUy  for  a  few  yeara  longer  (§  914);  wliich  increase  is  the  chief  mani- 
ition  of  the  excess  of  the  germinal  capacity,  that  has  not  yet  expended 
clf  in  the  building-up  of  the  fabric.      But  so  long  as  this  increase  is 
ing-on,  there  is  a,  want  of  that  solidity  and  coiapiiotucas  of  the  organism, 
vhicL  seem  only  attainable  when  growth  has  oetaed ;  aud  the  atlMnment 
of  which,  being  esseatial  to  the  highest  nmnifostations  of  vigour  and  en- 
larHnce,  marks  the  fimd  completion  of  its  development     Of  this  we  have 
brat  illustration  in  the  Omeons  system;  whose  completion,   being 
nned  nutil  all  further  ifroicik  has  ceased,  may  be  fiiirly  considered 
rkiug  the  final  stage  in  the  development  of  the  organism,  and  as 
nRvfore  characteriiang  the  period  of  Ado/egcence. — Commencing  with 
Ke  Vertebra!  Ciiliimn,  we  find  tlmt  whilst  the  '  body'  aud  ■  neuralarches* 
of  each  vertebra  become  consolidated  in  eurly  childhood,  the  spinous  and 
transverse  procGS.'ies  are  completed  by  separate '  epiphyses,'  the  ossification 
of  which  does  not  commence  until  after  puberty,  and  the  final  union  of 
which  with  the  body  of  the  bone  may  not  occur  until  the  age  of  twenty- 
five  or  thirty  years.     About  the  same  time,  there  is  formed  and  added  to 
each  surface  of  the  body  of  the  vertebra,  a  smooth  annular  jilate  of  solid 
bone,  which  covers  a  portion  that  was  previously  rough  and  iissured. 
During  this  period,  the  consolidation  of  the  Sucnim  is  proceeding;  the 
component  vei'tebrfe  of  which  remain  separate  up  to  about  the  sixteenth 
^^year,  and  then  liegin  to  unite  from  below  upwarils,  the  union  of  the  two 
Hbighest  l>eing  completed  by  about  the  twenty-tifth  or  the  thirtieth  year ; 
^Brhilst  at  the  same  time,  thin  osseous  plates  an:  formed  on  either  side  of 
^Hhe  coalesced  mass,  which  seem  to  represent  the  epiphyses  of  the  trans- 
^^Yerse  processes  of  its  component  vertebrffi,  and  like  them    are    finally 
joined-on  to  the  bo<ly  of  the  bone.     The  o.-wification  and  coalescence  of  the 
^wboocygeal  vertebra!  takes-place  at  a  still  later  period.     Each  Rib  iu  like 
^^Danncr,  has   two   epiphyses,   one  for   the   head  and   the  other   for   the 
"'      tubercle ;  the  ossification  of  which  begins  soon  aller  puberty,  wliilst  their 
union  with  the  body  of  the  bnne  is  not  completed  until  some  years  after- 
wards.     The  five  pieces  of  which  the  Sternum  cousiHts,  though  themselvea 
completely  ossifiefl,   remain  separate   until  after  the  age   of  puberty ; 
rhen  their  union  commences  from  below  upwards,  as  in  the  sacrum,  not 
eing  always  completed,  however,  even  in  old  age,  by  the  junction  of  the 
si  piece  to  the  rest  of  the  bona     The  ossification  of  the  Ensilonn  cur- 
I  does  not  commonly  begin  until  ajler  the  age  of  puberty ;  and  it  in 
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UBunUy  nut  entii'elj  compltted,  even  in  very  advnnced  life. — The 
uniou  of  the  snpiLmte  uk'raeuta  of  the  Iioii«s  o/tim  ShiU  (5  908)  b  u 
com|)!eteJ  within  a  few  years  after  birth ;  tut  tliere  are  some  [i&rtu,  whicni 
not  uufrequently  remain  distinct  during  tlie  gi'eater  portion  of  life,  iind 
which  may  oven  never  coalesce;  such  is  the  case  with  the  two  halTcs  <i( 
the  Frontal  iKinu,  which  often  remain  pormftiirmtly  divided  by  a  continua- 
tion of  the  sagittjd  suture,  and  with  the  Styloid  pracesa  of  tin;  t«ni]MirKl 
boue.      In  the  Upjmr  Kxlrmiiitjca,  we  find  the  Scapula  prfBentiiig  threa 
epijihyses,  one  for  the  coracoid  process,  one  for  the  acromion,  and  one  ibt 
the  lower  angle  of  the  bone ;  the  osaihcation  of  which  liegins  soon  aflct 
puberty,  their  union  irith  the  body  of  the  hone  taking-piace  between  Lli4 
ages  of  twenty-two  and  twenty-five  years.   The  Claviclo  has  an  epiphysis  at 
its  sternal  end,  which  begins  to  fono  between  the  eighteenth  nnd  twentieth 
years,  and  is  united  to  tlie  rest  of  the  bone  a  few  yeai's  later.     The  con- 
solidation of  the  Humerus  is  completed  rather  earlier ;  the  large  piece  »t 
the  upi^r  end,  which  is  formed  by  the  eoalcscenc*  of  the  ossitio  c«nt(M 
of  the  head  and  two  tuberosities,  unites  with  the  shaft  at   abont  tb€ 
twentieth  year ;  whilst  ita  lower  extremity  is  completed,  by  the  junction 
of  the  external  condyle  and  of  the  two  pai-ts  of  the  allien  latin  g  snr&c< 
(previously  united  with  each  other),  at  about  the  seventeenth  year,  and  by 
that  of  the  internal  condyle  in  the  year  following.     The  aiiperiof  epipliysrt 
of  the  lladius  and  Ulna  imiti'  with  their  respective  ahiifts  at  about  thenar* 
of  puberty ;  the  iuferior,  which  are  of  larger  size,  at  about  the  twentiptt 
year.     The  epiphyses  of  the  Mctacarjml  and  Phalangeal  bones  are  united 
to  their  princijinls  at  about  the  twentieth  year. — In  the  Lourer  ErJrrmitia^ 
the  process  of  ossitieation  is  completed  at  nearly  the  same  periods  as  ihiii 
of  the  corresponding  jiiirts  of  the  upper.     The  consolidation  of  the  Iliiu^ 
Ischium,  nnd  Fubis,  to  form  the  Us  Inuomlnatum,  by  the  ustufication  ol 
the  triradiate  cartilage  that  intervenes  between  thera  in  the  Hfvtabuliuis 
doea  not  take-place  until  after  the  jn'riod  of  puberty ;  and  at  this  tini^ 
additional  epijihyses  begin  to  make  their  appearance  on  the  crest  of  tb< 
ilium,  on  its  anterior  inferior  spine,  on  the  tuberosity  of  the  ischiuiu,  and 
on  the  inner  margin  of  the  puhes,  which  are  not  finiUly  joined  to  th4 
bone  until  about  the  twenty-fijfth  year. 

978.  The  rapid  increase  in  Yiabilily  which  shows  itself  in  both  aafl 
up  to  the  age  of  ]niherty,  its  rapid  decline  from  tliat  point,  and  its  snbtv 
queut  inci'ease  in  the  male  up  to  the  age  of  thirty,  have  been  almd] 
pointed-out  (5  913).  l"he  ilisorders  to  which  the  organism  wmMtsubjertj 
during  the  several  periods  which  have  now  been  con^dtired,  aro  by  M 
means  the  same  for  each.  In  early  Childliooil,  when  there  is  a  gwJ 
demand  for  the  activity  of  the  Digestive  and  Aasimiiative  function&aDJ 
these  have  to  be  exercised  upon  nutriment  to  which  their  prgnos  ai*  do( 
yet  accustomed,  we  find  derangements  of  those  organs  to  be  among  tiH 
most  common  of  all  maladies;  these  may  be  serious  enough  in  them 
selves  to  constitut*  dangerous  and  even  rapiilly-faUil  disesMS;  but  vnn 
when  they  do  not  take  these  acute  forms,  a  foundation  ia  often  Isij 
m  habits  of  perverted  Nutrition  thence  arising,  for  disorders  of  a  mon 
chronic  nature  (especially  those  depending  on  the  Tubercular  diothoil 
5  37fi),  which  may  not  manifest  themBelves  for  many  years  atlcrwaidl 
The  peculiar  aetii-ity  of  the  uemius  centres,  wliich  is  prolonged  1 
Infiincy  into  early  Childhooil,  involves  a  continued  liability  Ut  ' 


DISEASES  Of  PERIOD  OP  OKOWTH. — HATCEITT.  917 

tnents  of  fAnr  DiitritiiiD  or  of  their  functions;  aod  thus  it  happona  that 
in  young  children  of  scrofulous  temperamont,  it  is  cither  in  tlie  ineseDteric 
gUnfis,  or  in  the  brain  or  its  membranes,  that  tubercular  deposit  first 
ta.ke»  ploL-e.  The  second  Dentition,  like  the  first,  ia  oft«D  accom])&Qied 
with  a  great  deal  of  constiliitionul  di^turliance :  especially  in  ench  indivi- 
duals lis  are  sulferiiig  from  defective  Nutrition,  or  from  an  irrit&blo  fttat«  of 
the  Nervous  System,  lu  the  former  case,  there  is  a,  special  pronenessto 
Tubercular  diseiwB;*  in  the  latter,  to  Epilepsy,  Chorea,  or  some  other  form 
of  disorder  of  the  nervous  centres,  the  counection  of  which  with  Dentition 
is  shown  by  its  abatement  when  that  epoch  has  posaeil.  A  large  [>art  of 
the  sickness  and  moHnlity,  however,  which  ])reseiits  b<j  high  a  i-ate  dining 
the  whole  period  of  Childhood,  is  due  to  various  tonus  of  Zymotic  disease, 
especially  the  Exanthemata  and  Infantile  Roniittent  Fever,  and  to  their 
seifiuda.- — The  attainment  of  Pulxjrty  ill  the  Male  MS  is  not  usually  at- 
tended with  any  specilic  tendency  to  disease;  nor  would  it  probably  be 
in  the  Female,  If  her  mode  of  life  w<'re  more  accordant  with  the  rules  of 
health.  Although  disorder  of  the  Menstniul  function  is  one  of  the  most 
common  phenomena  of  female  youth,  yet  it  is  uiidonbtodly  to  he  looked- 
upon  more  frequently  oa  a  symptom  of  general  defect  of  nutrition  (and 
especially  of  an  imjioverished  condition  of  the  blood),  than  as  itself  con- 
stituting a  disease.  The  cxtraonlinary  reduction  in  the  probability  of 
life,  indicating  a  large  mortality,  during  the  years  wliich  jpimediately 
succeed  puberty,  seems  to  dojiend  in  great  degree,  in  the  Male,  upon  the 
premature  use  of  his  generative  powers,  and  upon  his  entrance  upon  the 
active  employments  of  life  before  bis  constitution  has  received  that 
invigoration  which  results  from  the  completion  of  his  bodily  develop- 
ment; whibt  in  the  Female,  it  is  very  commonly  attributalilo  to  the 
accumulation  of  unhealthy  influences,  which  begin  to  '  tell'  upon  the 
powers  of  her  CTStein,  when  its  germinal  capacity  no  longer  ministers  to 
its  active  regeneration.  It  is  tlmii,  in  both  sexes,  though  fi-om  causes 
whose  immediate  nature  in  ditterent,  that  the  Tuberculous  diathesis  is 
prone  to  develope  itself  with  peuuliar  intensity,  and  that,  by  fixing  upon 
the  Respii-atoi-y  organs,  it  produces  the  most  mpidly-fetul  alterations  In 
structures  whose  integrity  is  essential  to  life. 

979.  Periofi  iif  Maluriti/, — The  cessation  of  growth,  and  the  completion 
of  the  develojiTuetital  [)rocea.Hes,  whiciL  indicate  the  attainment  of  Manhood, 
are  accoin[iu.nied  liy  a  marked  increime  in  the  general  vigour  of  the 
organism,  and  by  a  sjiecial  auginentiitioii  in  the  power  of  emluraiice  in 
the  exercise  of  the  Animid  faculties.  With  the  exception  of  those  parts 
of  the  fabric  whose  utility  wos  confined  to  the  earlier  periods  of  its 
development,  we  find  eveiy  organ  now  presenting  its  greatest  capacity 
for  sustained  activity ;  and  thus  it  is  from  the  characters  which  each 
presents  at  tliis  [leriod,  that  we  base  our  ideas  of  its  typical  perfection  of 
structure  and  composition.  All  the  previous  changes  which  the  organism 
has  undergone,  both  as  a  whole,  and  in  its  separate  i>arts,  concur  to  the 
attainment  of  this  perfection,  a«  we  h.ivo  especially  seen  in  reg/ird  to  the 
evolution  of  the  solid  framework  of  the  body;  and  every  tiuhsetjuent 

*  It  U  k  y«ej  ugniRcsnt  FimunElsaoe,  tbM  of  the  nuuij  apedm^ns  of  tlie  AntLropiud 
Apei  vbieb  kne  been  bmogfat  bJIic  to  thig  coiuitTj,  not  uue  has  Burrivnl  its  sefuud 
dcDtitiau ;  and  that,  id  iilmuat  evaj  com,  it  hu  b«n  b;  tubercular  iliiHsiie  that  their 
lires  have  b«sa  thus  preinatnnil}  cul-aS. 
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chau^  u  we  bIiuU  preaenlly  perceive  (§  9S1),  isrolTcs  a  deUrio 
from  it  The  whole  nUvs  of  developmeDt,  during  this  period,  app««n  I 
be  directed  towai-da  the'tnainlfnance  of  tte  organism  in  the  9tat«  irhici 
it  had  acquired  at  its  commencement;  by  the  regeneration  of  its  tisiies  i 
tkst  as  they  undergo  disintegration,  and  by  the  renoTation  of  its  vital  fort 
in  proportion  ns  this  ia  enpeniled.  There  is  no  longer  any  capacity  ft 
the  production  of  ticw  orgnua,  and  comparatively  little  for  the  augment! 
tioD  of  those  already  eitiating;  the  incrcAse  of  the  Uterine  and  Uammar 
structures,  during  the  period  of  gestation,  being  the  moat  importai 
esamp.lea  of  formative  power,  and  these  priisenting  themselves  iii  the  m 
in  which  there  ia  leaat  of  nervo-muaodur  activity  and  of  geuoml  \-igoui 
We  should  infer  then,  tliat  the  '  germinal  capacity '  is  now  on  the  decline 
and  thin  further  appeal's  from  the  diminished  energy  and  compteteDD 
with  which  the  reparative  proceasca  arc  performed,  as  compared  with  th 
mode  in  which  tliey  are  executed  during  tbe  period  of  growth.  Therei 
cooaequently  a  leas  demand  for  alimentary  material  (allowance  b<^ng  ma4 
for  the  augmented  bulk  of  the  body)  than  during  the  previous  periodi 
and  the  dependence  of  life  upon  a  constant  supply  of  aliment  is  ft 
Ina  close.  Moreover,  the  ordinary  rate  of  wast*  or  degeneration  of  ti«a 
is  now  much  less  rapid  than  during  the  [)criod  of  growth ;  for  we  faa* 
Been  that  decay  and  removal,  in  the  latter  case,  are  among  the  va| 
conditions  «f  increaee;  whilst  in  the  fonuer,  they  proct*d,  for  the  mat 
jiart,  only  from  the  expenditure  of  the  rilal  powers  of  the  tiasiiea,  cat 
sequent  upon  their  functional  activity.  Hence  it  is  upon  the  degree  il 
which  the  Aniiruil  powers  are  exercised,  tliat  the  demand  for  food  chieA' 
de[>en(is  in  the  Adult;  the  sole  purjiose  of  the  Organic  or  Vt^elftti* 
operations  being  (so  to  s[ieak)  to  keep  the  appanitua  of  Animal  life,  am 
ftUly  developed,  in  working-order.  Tlie  relative  activity  of  the  diffeicii 
part.i  of  this  apparatus  is  now  somewhat  modified.  The  o&wma 
/anultuig  nii  longer  possesa  the  s^ne  pre-eminence;  the  rmoliouol  irttM 
bility'ia  Iftsa  readily  excited;  but  the  in/eWecfuai  ;iowcr*  now  act,  in  th 
modes  which  have  become  habitual  to  them,  with  a  sustnined  vignu 
and  completeness  which  thi>y  never  previously  {Htase^ed.  And  to,  whili 
the  muscles  are  not  ao  eiLsily  excited  to  contraction,  and  new  combiiu 
tions  of  movement  are  acquired  with  far  more  difficulty  than  daring  ik 
period  of  growth  and  development,  the  foi-ee  which  they  can  gtai«-rat«b 
their  contraction  ia  augmented,  and  this  force  can  be  kept-ap  for  k  msa 
longer  time  in  ailults  than  in  younger  snbjects.  I 

980.  The  duration  of  the  period  over  which  this  '  raaintenaoce '  m^ 
be  protracted,  without  any  sensible  deterioration,  depends  in  grc«t  degil 
npon  the  due  observance  of  all  the  conditions  of  health.  If  the  vnriol 
mental  and  bodily  faculties  are  duly  exercised,  without  being  overtuknt 
—if  an  a:nount  of  Sleep  adequate  to  their  periodic  innovation  lie  rvguloH 
taken, — if  a  aufficieiit  but  not  excessive  quantity  of  wholesome  food  t 
ingesteil  at  appropriate  intervals, — if  the  fimctions  by  which  the  blood  j 
pri-'iMireil,  and  those  by  which  it  is  kept  in  purity,  be  duly  perfonned.' 
if  all  auch  noxious  agents  as  foul  air,  alcoholic  liquorx,  tobacco-smob 
be  kejit  at  a  distance, — and  there  be  no  constitutional  preiiisinisition  \ 
diaease  on  the  one  hand,  nor  any  exposure  to  extraneous  morbific  muaa 
on  the  other, — it  may  be  fairly  anticii«itBd  that  the  bodily  and  mait| 
vigour  may  be  sustained  with  little  deterioration  during  a  long  succoHfl 
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ofyeaw.  The  circumnancra  that  moet  tend  to  prpjunture  decline,  are, 
on  ibe  one  baud,  excredHive  exertion  either  of  the  mfntal  lacultlca  or  of 
the  generative  power;  or,  on  tlie  other,  imdue  indulgence  in  food,  (ir  in 
■tiniulating  drinks,  or  in  uny  jji-aetiec  llint  tLinib  to  disorder  ibe  Organic 
fuiiL-tions,  egjB.'cia!ly  hy  oxcitiui;  tliein  lo  undue  tictivity.  Every  one  who, 
ill  nut/  of  these  modes,  may  "  livn  too  I'nst,"  is  almost  certain  to  pay  the 
pcuRlty,  in  an  abbreviiitioo  of  his  lorra  of  vigorous  activity;  which  niiiy 
b«  either  brought  to  a  (luddcn  and  tinal  closo  by  futid  disease,  or  nuty 
be  prcmiil.urely  reduced  hy  moru  gnidiifiJ  decay.  And  this  tendency 
will  of  course  be  more  decided,  the  tp^ater  is  the  oniount,  and  the  lor^r 
tbe  combinatioD,  of  those  depiirtures  from  the  Luws  of  Ueidth  wbJdl 
giv*-rise  to  it. 

B81.  Pffrial  of  Decline. — The  decline  of  life  exhibits  a  much  nior* 
obvious  diininutioD  of  the  whole  vital  power  of  the  nrgnnixm ;  for  not 
ouly  IB  its  firmative  activity  now  greatly  reduced,  h\it  its  ner%'o-niuscalar 
energjrandgenerBJ  vigour  progressively  diuiiniah.and  ita  generative  power 
beeotues  eufoeblod,  or  ceases  entirely  (j§  846,  651).  Of  this  dimiuution  in 
foriBBtive  power,  we  have  evideiioe  in  the  entire  aliseuce  of  any  attempt 
•t  new  duvelopmcDt,  in  the  less  perfect  and  mort>  ti^oiia  maimer  iu 
which  the  losses  of  subotanoe  occasioned  by  disease  or  iujuiy  are 
r«cuvered-froni,  and  in  the  gradual  deterioration  of  the  oi^auism  in 

Kil.  The  tissues  which  are  rendered  effete  by  their  functional 
ty.  are  not  any  longer  replaced  in  their  normal  eomploltness ;  for 
either  the  quantity  of  new  tissue  is  inadequate,  so  that  the  bulk  of  tlie 
organs  is  obviously  reduced;  or  their  quiility  is  rcuilered  imperfect,  by 
the  prodiictioD  of  atnictures  in  variouB  (iLnaes  of  (kgnneratiuu,  id  place 
of  those  which  hail  been  previously  develoiied  in  the  fullest  completenesa. 
Tbe  inferiority  of  Nervo-mu3cular  energy  and  of  general  vigour  are  thus 
evidently  the  reeidt  of  the  deficiency,  and  not  (aa  in  the  period  of  growth) 
of  the  excess,  of  formative  power;  and  in  profiortion  as  the  'waste'  of  the 
tissues,  conHequeiit  upon  their  functional  activity,  is  more  rapid  than  their 
renovation,  a  progresisiv^e  loss  of  anlisttuice  must  take-place.  The  forms 
of  Degeneiiition  most  commonly  mct-with  iji  adviuiced  age,  are  the/o^/y 
and  the  calcareous.  The  former  (§  349)  is  txtreniely  prone  to  show  it«elf 
in  those  organs  whose  integrity  of  structure  ia  peculiarly  important  to 
health,  and  whose  deterioration  interferes  directly  with  tbe  vital  pro- 
perties of  their  component  tistiues.  Thus  we  observe  it  in  the  Muscular 
apparatns  generally,  but  pre-eminently  in  the  walls  of  the  Heart ;  and  in 
proportion  as  its  contractile  fibre  hna  been  replaced  by  particles  of  fat, 
must  the  vital  energy  of  any  muscle  be  lowered.  So,  again,  we  lind  the 
some  degeneration  in  the  1  Jver,  K  idney,  and  other  parts  of  the  tJlandular 
apparatus;  the  proper  secreting  action  of  which  is  impaired  in  the  ratio 
of  the  substitution  of  lat  for  the  proper  Glandular  elements.  But  it  may 
also  lend  to  most  serious  derangements  of  the  vital  functions,  by  its 
interference  w-ith  the  purely- mechanical  actions  of  certain  [larts  of  the 
organism ;  thus,  fatty  degeneration  of  the  walls  of  tlie  Blood-vessels  ia 
one  of  the  moat  frequent  causes  of  those  extravasations  uf  blood  in  the 
nervous  centres,  which  give  rise  to  the  apoplexy  and  to  tlie  various 
forms  of  paralysis  so  common  among  the  aged;  and  tlie  same  change 
occurring  in  the  Bones,  gives  them  that  [MJculiar  lirjttleness  which  they 
frequently  exhibit  iu  advanced  periods  of  life.     That  ginerul  decline  of 
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the  ntal  powers,  wliich  has  received  the  name  of'  climacteric 

iipHeiirB  traiwal'le  to  the  same  source." — The  t«udency  of  the  c»lc 
degpiierftlion  (which  especially  afi'ecta  the  Cartilaginous  and  Fihi 
ti.'tfiieH)  is  alnio-st  exclusively  to  intei'ferc  with  the  mrchaitical  adaptAtion 
of  the  orgiiuism  ;  prod  lie  iQij;  an  irijurioua  rigitlity  in  v/irioUB  stmctuM 
which  require  a  greater  or  less  amount  of  flexibility  fur  the  Honoal  per 
formance  of  their  functions.  Thua  it  is  very  common  for  the  cartilaga 
of  the  ribs  U>  become  ossified  in  advanced  lii'e,  so  as  to  interfere  with  tb 
free  movement  of  the  walls  of  the  thorns;  and  the  thyroid  csirtilaga 
of  old  people  are  frequently  converted  uito  bone,  producing  a  roughnet 
of  the  voice,  and  deficiency  of  the  power  of  nioduiating  it.  The  iotervw 
tebra!  substance  {which  ia  partly  cartilaginous  and  portly  fibrous)  no 
unfrerjucntly  becomes  solidified  in  the  lumliar  repon,  as  do  also  ill 
spinal  ligaments,  so  that  several  of  the  lower  vertobrte  are  fimilj 
anchylosed  to  eadi  other  and  to  the  sacrum ;  ajid  a  like  chan^  olt«i 
tnlcBs-jilacQ  in  the  jwlvic  artieulatioos,  so  that  the  jtelvis  and  tJie  Iowa 
part  of  the  sjiiiio  become  one  continuous  mass  of  bone,  (lustitnte  of  Bexl 
liility  or  yicldiiignGss  in  any  jjart.  In  like  manner,  the  cranial  sutum 
often  leome  oblitemtetl,  and  calcareous  dejioaits  occur  in  the  dnplicatura 
of  the  dnm  mater  forming  the  fain  and  tentorium,  A  large  amount  a 
this  kind  of  change  may  tAke-plaee.  without  any  serioua  iuterfcrmoi 
with  the  Organic  functions,  although  it  tend.s  to  curtail  the  Anima 
poweiu  Wlien  the  calcareous  degeneration,  however,  ext«ncb  itself  tt 
the  vital  organs,  the  interruption  which  it  occtutiou.s  lu  their  actions  ma] 
be  fatal ;  thus,  next  to  fatty  degeneration,  there  in  probably  no  mon 
frequent  cau.-ie  of  failure  of  the  heart's  action,  or  of  extra va.'U.tiou  from  tl(4 
blood-vessels,  in  old  persons,  than  ossification  of  the  valvular  apparatw 
of  the  foiTuer,  depriving  it  of  the  flexibility  which  is  essouti&l  to  ill 
pnipcr  action,  or  of  the  fibrous  walls  of  the  latter,  ixD|>arti])g  to  tlt«m  | 
brittleness  which  protliajxises  to  rupture, 

98^.  Thus,  then,  with  the  advance  of  Old  Age,  the  organiair  becomd 
progressively  more  and  more  unfit  for  the  active  performance  of  its  vital 
operations;  a  gradual  weakening  is  observable  in  the  Ment«]  as  well  Mil 
the  Corporeal  energy;  and  a  retardation  becomes  obvious  in  the  curreid 
of  Organic  life.  The  mind  is  far  less  active  than  in  the  periorls  of  Maturity^ 
the  perceptions  are  dull,  the  feelings  comjiaratively  obtuse  (save  irhcfl 
some  dominant  emotion  has  gained  |)Dssession,  through  thi^  previont 
habit  of  yielding  to  it),  the  intellectual  powei-s  cannot  be  so  readily  pul 
in  actiou,  and  the  imagination  loses  its  vivi<lness.  There  are  few  instAUCOl 
in  which  any  groat  woi'ks,  either  literaiy  or  artistic,  have  bwu  eiecuted 
after  the  nge  of  threescore.  Still,  the  experience  of  a  long  life  ^m^ 
value  to  the  judgment;  and  the  coumstds  of  the  old,  where  iho  b<nnil0 
of  the  question  can  be  fiilly  understood,  deserve  the  respect  of  the  yCMUif 
mora  especially  in  cases  where  temporally  ardour  of  feeling  tvndt  in  tfcl 
latter  to  supersede  the  dictates  of  their  calmer  reaaon. — The  ineoHd 
tDryvur  is  con'elated,  there  seems  no  ■'eason  to  doubt,  with  changes  iu  libl 
condition  of  the  Nervous  substance,  wliich  impair  its  origijial  actintyj 
and  like  changes,  occurring  in  the  Aluscular  aubsiaitce,  diiuiuiah  ill 
capacity  for  physical  exertion.     Hence  there  i^  on  the  uue  hitui^  i 

*  Sen  Hi.  Bnrloir'i  'Qeneml  ObaervaUotu  on   VtMj  D^iumdoa,'  in  lb*  "JMiori 

TliDM  uid  liubtt«,"  Mar  IS.  16^-- 


FBRIDD   OP  DECLINE. 


921 


marked  diminution  in  the  demand  for  food  :  on  tlie  other,  a  lite  diminu- 
tion in  the  rate  of  the  excretory  proceasos,  as  ia  seen  especially  in  the 
eiliniation  of  carbonic  acid  (§  31()  iii.)  and  in  the  escretion  of  Urea 
(5  41 1):  and  in  accordance  with  all  those  reductions,  there  is  a  greatly- 
diittinished  power  of  austeiniug  the  heat  of  the  body,  the  temperature  of 
which  consequently  becomes  liable  to  a  serious  depression  from  external 
cold.*  This  retardation  of  vital  activity  gradually  becomes  more  and  more 
marked,  until,  if  neither  accident  nor  disease  should  intervene,  the  current 
stops  of  itself;  the  formative  power  seems  to  undergo  a  jirogreasive 
exhaustion,  until  no  assistance  from  artificial  heat,  no  supply  of  the  must 
nutritious  food,  can  any  longer  avail  for  the  generation  of  new  tissue; 
the  nervo- muscular  energy  gradually  declines,  until  at  last  even  those 
actions  on  which  the  circulation  and  respiration  entirely  depend  can  no 
longer  be  performed ;  and,  with  the  cessation  of  these  functions,  the  Life 
of  the  entii-e  organism  becomes  extinct. — Such  we  may  consider  to  be  the 
mode  in  which  Death  normally  occurs.  Various  abnormal  influences, 
however,  remain  to  be  considered,  which  uiay  bring-about  this  final 
result  at  an  earlier  period,  and  in  diSerent  modes  (Chap.  XIX.}. 

*  The  erperieacs  of  tbe  Gnt  two  montha  of  tbe  prennt  jenr.  faiu  affincrluil  u  remnrkahle 
coafirouitiDa  of  tbu  aUtemtiat  [jremaal;  mftde  (^  143)  iwipeoting  tbe  uiAueDcc  of  i^uDtiDued 
Cold  in  ru.siDg  the  mte  uf  morialitj.  The  raeaa  wmkl;  tcmptinkturti  Trr  six  wteka  havinj^ 
been  SS'l"  (or  9'!''  beluw  the  afemga  of  tha  aeiuoii),  tbe  exuetv  in  the  miuiber  irf  deatbu 
oh.jve  the  aTcrage,  currcttiHl  fur  mcreaee  of  pnpuliti'in.  hiu  been  ueirlj  2000,  ur  more  than 
;ti>(l  per  week.  Tbu  mule  iu  whi^h  tliia  uaeiDi  in  iliatributed,  ii  uot  ■  litllo  nuiotu  ; 
tbe  numbeFB  baviiig  buen  u  folluwa :  - 

Aotualficwordrtlti*  Dh(1u  b;  will  tolnn.OOO 

bj  rold-  linog  ji(  duh  age. 

AUAcae IBSS  11 

0—20 419  40 

2(>— 40 200  22 

40—110 392  8T 

«0— 80 7S2  612 

SO  uiil  npw&nlK  .     ...  205  2073 

It  id  (>Qly,  of  «oiirM,  when  thenGtmil  nnmber  of  ff^afAa  iiauinpared  with  tha  uambBr /ivi'nj? 
ut  eneh  iif/r,  Ihm  tbe  rebitiTe  EBlality  of  coU  at  iliffurent  perind*  of  life  c«d  be  rigblly 
FstimntiHl :  h'lOi  tbia  eumpariBou  vo  ew  tliat  its  niinimiiiu  influence  a  exerted  uu  iadi- 
viduiLl't  between  2"  and  40  jean  'if  age,  and  it^  ma^mum  (near)]'  100  tiuiei  w  gKaU  on 
thiJS*?  above  0(P,  tbe  fiitnlHj  resulting  fWim  the  reduction  of  tem^H^rature  berng  doubled 
everv  ulne  yeacA  af1«r  tiie  ago  of  40.^The  di»eaiief  whieh  ebiedy  er^utnbnted  to  this  cieess 
of  miiTtaliCj  vtre  pneumonia,  bronebilJ4t  and  adtbzna;  bnt  tbe  deutbM  from  many  otherv 
Icbiefly  cbrunic  diMaiesl  wero  in  escoBs;  Bo  that  it  mny  he  affirmed  lliat  cold  liringi 
iinieiiljt  I')  a  &Lal  und  many  maiaditss  whioh  it  does  not  dicectl;  induce. — See  the  weeU; 
Report  of  the  Registrar  Geneml  for  Maicb  3,  1SS5. 
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CHAPTER    XIX. 


OF   DEATH. 


083.  We  bave  seen  it  to  be  inherent  in  the  tct;  nature  of  Tit« 
Action,  thnt  it  can  only  be  siLstaiiied  tluriug  a  limiltd  prriad  hy  an] 
Organized  body;  for  although  the  duratiou  of  certain  atructurea  tna] 
bo  prolonxnl,  and  their  vital  properties  retained,  almost  imlefinitely,  jrtl 
this  is  only  when  the  withdrawal  of  nil  extraneous  BjE^nctui  hiu  reduce^ 
them  to  a  condition  of  complete  inactivity.*  The  Orgnnixtd  tubrie,  ii 
fiict,  is  at  the  same  time  the  instrument  whereby  Vital  Force  is  oxeP 
ciaed,  and  the  subject  of  its  operation;  utid  of  this  operation,  dertint  i| 
no  less  a  constituent  poi-t  than  devrlopTiKnt,  and  Deaili  is  it«  necasBU] 
sequence.  Hence,  in  the  performance  of  each  one  of  those  PiuMAioq 
whose  a^regate  makes-up  the  IJfe  of  Hnn,  the  particular  orgnn  whiij 
ministen  to  that  function  undergoes  a  certain  lo^  by  the  <jecliiie  aoJ 
death  of  its  component  tissues  j  and  tbi«  the  more  rapidly,  in  pn> 
jMJrtion  to  the  activity  of  the  changes  which  are  effected  by  their  ia 
stni mentality.  But  if  the  regenerative  processes  he  also  performed 
with  due  vigour,  no  deterioration  of  the  organ  is  manifesteil.  sinef 
every  loss  of  substance  is  conijieuBatt^  by  the  production  of  an  eqni 
vatent  amount  of  new  and  ainiilar  tissue.  This  regenerative  powei; 
however,  gradually  diminishes  with  the  oilvance  of  years;  and  thus  il 
happens  that  the  entire  organism  progreaaively  deteriomtee  (§  981),  taA 
that  Death  at  last  supervenes  from  a  genend  feulure  of  the  vitJ 
powers,  rntlier  than  from  the  perversion  or  ceBsation  of  any  one 
actions  in  jmrticular. 

!)84.  But  Death  may  occur  at  any  period  o(  Life,  from  some 
interruption  produced  by  disease  or  iujuty  in  tlie  regular  sequence 
vitjil  ot.'tiaun ;  aucb  interruption  extending  itself  from  the  port  in  whidi 
it  coinini^nces.  to  thv  organism  in  genei-al,  in  viilue  of  that  intiouiU 
mutual  di-pendenco  of  one  function  upon  another,  which  is  chiunctmictia 
of  all  the  higher  iTilerw  of  living  beings.  The  death  <)f  the  luidy  m 
B  whole,  wliieh  may  bt!  appropriately  designated  Sonutlic^  death.  W 
comes  a  necessary  consequence  of  the  death  of  a  certain  part  of  it,  ol 
Mokcvlar  death,  ouly  when  the  cessation  of  activity  in  the  latM 
interfereii  with  the  elaboration,  the  circulation,  or  the  depuration  of  tbi 
Blood,  which  supplies  not  merely  the  nutritive  jxibulnm  to  every  pari 
of  the  organism,  but  also  the  oxygen  which  is  essential  to  the  artivily 
of  the  Nei'vo~musculnr  ap|)amtUE.  Thus,  even  in  the  higher  «iini»^ 
the  death  or  removal  of  tlie  limbs,  although  they  may  conttitBtl 
(na  in  Man)  a  large  proportion  of  the  bbrie,  is  not  ueoeiaarilv  fatal  j 
because  it  involves  no  interruption,  either  in  the  nutriUvi)  op 


he    vitu 

me  BH 
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*  8n  the  Mctjon  on  '  Donnuit  Tiulity'  in  Pkixd.  or  Obk.  Fbts. 

^  Thin  term  «as  Rnt  Bng^Ht^d  by  i}T.  Friob&r<l,  ui  place  nf  th«  X 
*  ijiteoiic'  which  wju  prariuiuJT  in  use.    iSsB  "CvDlap.  uf  Aumt.  Mill  FhnkiLi'' 
p.  TBI.) 
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Uie  viscera,  or  ia  tlie  sensorial  fimctjona  of  the  brain.*  On  the  other 
Land,  the  destnictiou  of  a  certain  minute  portion  of  the  Nen'ous 
lulrcs,  or  snch  a  leaion  nf  the  Heart's  etructtiro  as  woulil  be  trivial  in 
niofit  any  other  organ,  may  be  the  occasion  of  immediate  death ; 
K&use  theac  olianges  arreat  the  Kespiratory  niovemi;nts,  or  interfei-e 
ireotly  with  t!ie  action  of  the  Heart,  ao  as  to  bring  the  flow  of  blood 
a  Btond.  It  sometimes  happens,  however,  that  life  may  be  prolonged 
fler  the  death  or  removid  of  some  important  organ,  in  consequence  of 
le  power  which  some  other  possessea  of  discharging  its  function;  thus 
e  find  thiit.  in  Man,  the  kidneys  seem  occasionally  to  tnko  upoa  them- 
QveB  the  elimination  of  the  cooslituents  of  bile  from  the  blood  (§  SSH) ; 
id  in  the  Frog,  the  skin  can  perform  [«.rt  of  the  office  of  the  lungs,  so 
1  to  eli'ect  the  iienition  of  the  btooU  in  a  sufficient  degree  to  prolong  lile 
IT  some  time,  unless  the  temperature  be  elevated.t 

985.  But  although  the  vital  activity  of  every  port  of  the  body  ta 
ependent  upon  a  due  supply  of  circulating  fluid,  yet  this  dependence  is 
suaLly  not  so  close  us  to  involve  the  iinniediaU  suspension  of  vital 
otivity,  or  Afulccular  Denlh,  in  eveiy  jwrt,  whenever  the   j^enend  Cir- 

ilatiim  shall  huve  been  brought  to  a  stand.  For  we  have  distinct 
vidence  of  the  pei-siatence  of  rital  changes  in  various  organs  iicd  tissues 
f  tlie  body,  after  the  death  of  the  body  at  largo ;  as  is  manifested  in 
le  performance  of  ciliary  and  of  musonlar  movements  (Phinc.  of  Ge». 
'hts.),  in  acts  of  secretion  and  perhaps  even  of  mitrition,!  in  the 
i&intenance  of  the  local  circulation  (§  269),  and  in  the  generation  of 
ima]  heat  (J  426);  and  the  fact  is  even  yet  more  reniiirUably  miini- 
ited  in  the  reunion  (even  after  the  lajse  of  some  bom's)  of  jiarts  that 
.ve  been  entirely  severed,  such  as  lingers  or  toes,  noses  or  ears,  by 
dhesion  between  the  cut  surfacea  when  bi-ouglit  into  apposition,  which 
luld  not  take  place  if  the  severed  part  were  already  iL-ad. 

986.  The  pemianent  and  complete  cessation  of  the  Circulating  cur- 
t,  whieh   essentially   constitutes   Simwiic  Death,  may  be  directly  or 

idirectly  conseijiuint  upon  Hcvend  distinct  causes. — In  the  firnl  jilace,  it 

ay  be  due  to  tiiilure  in  the  propulsive  power  of  the  Heart,  which  con- 

titui«3  Syncopf,.     This  failure  may  occur  either  (u)  in  consequence  of  a 

of  the  pi'oper  irritability  of  the  Muscular  tissue,  or  (4)  through  the 

iperventiou  of  u  '  tonie  spasm,'  the  organ  remaining  ngidly  contracted 

*  The  Aatlior  his  bwi  infonned  by  Dr.  Duiell,  that  it  U  cot  Bt  utl  UDcnmiiian,  in 
eprwa  *ho  ore  in  the  liut  HtA^  of  tbi?  nilyhnmir  fevtra  of  the  Afncnn  poaql,  f^r  rlf^atli 
id  decompoaition  lo  extend  graduikllj  upnoril^  from  the  eitrnuitiefl  (o  Lbo  Iruuk ;  v^  that 
ft^irxan'  may  lj«  in  a  aute  of  rvbaolut^^  putre*<^Qce,  before  th«  respiration  jinJ  drculition 
^■faen  brought  tu  n  tUind  :  aud  he  Itarna  fnim  I'nif.  JxtliBon  of  FhUiule1|ihia,  thai  he 
^Kre  than  on«;  Hitiie«H«d  (he  siiiie  Moutrunce. 

■^  That  aiicli  niinnot  taltt>-|ilace  in  Man,  a  dne  not  merelj  to  the  (or  leu  cumplele 
laptation  iif  hi>  ekin  fur  the  oeratkin  of  the  hlood,  hnt  alio  to  the  diflerencc  in  llic  t^pe 

hin  CLToulntion.  whii:h  ransea  the  anvat  of  blood  in  the  pulmonary  vuESelfl  to  prodnoe  a 
FL^natiou  of  thf^  entire  eurrunt. 

X  Thus  Mi.  T.  UcM  luentiuna  ("Hist'iT7  of  Mliah  Beptilea,"  p.  fli),  that  having  been 
gaged  in  t)ie  enrsfu]  dnwcolion  of  the  poison -ap pain tuit  of  ■  large  Bttttleonoke,  althnngh 
e  animal  bod  beou  dead  for  wtue  hours,  and  the  head  had  been  taken-off  iuinie<iiBl«lj 
ler  death,  yet  the  poison  eontiuui-<l  to  be  i«creted  as  the  diaaeiTtion  prooefsleil,  no  a>  to 
quire  to  be  oocaiioiiallydried-ulTH'ith  a  Lit  oripongc. — A  growtji  of  Uiur  is  said  to  hare 
en  noticed  in  several  inatancea  aft«r  death  ;  and  if  the  teiapGintnro  of  the  auiToundmg 
ediam  be  not  t<TO  Iot  ftiT  the  vital  activity  of  the  hair-bulbs^  then  aeema  no  aiteqoate 
txoa  why  tbi*  ibould  aot  lAke-ploce. 
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■witliout  ite  vauai  alteroation  of  relaxation.  The  phenomena  &U<S3 
(leftth  in  tlie  two  caiMW  are  not  ili»siniilar,  wheu  tlie  loea  of  irritnbility 
8uJden  and  immediate  (aa  wheu  it  arises  from  violent  impre^dions  on  tl 
nervi.us  syat<^m)i  for  Uie  inilividiial  suddenly  turns-fiale,  fa!l»-back  1 
di-ops-down,  and  espirea  with  one  gasp-  But  imder  the  former  <xl 
ditiou,  the  heart  is  found  flabby,  sometimes  empty,  sometimes  diatendl 
with  bioiK),  both  ciivities  being  equally  filled ;  whilst  in  the  latter,  tl 
hecirt  is  contmttcd  and  hard,  (Nintainiiig  little  or  no  blood.  aH  when  | 
the  state  of  rigor  mortis. — Tlie  enuae  of  the  loss  of  irritability,  wbl 
Budden,  usuiilly  lies  in  the  influence  of  a  'shook'  transmitted  thronl 
the  Nervous  Bvatem,  and  originating  either  in  some  severe  lemon  of  I 
central  organs  or  of  its  ]>eri]>heral  expansion  (§  23i^).  or  in  a  deficieiri 
of  its  supply  of  blood  or  diminution  of  its  usual  pressure  (such  M; 
produced  by  rapid  detraction  of  blood,  especially  in  the  erect  postof 
by  the  rapid  removal  of  the  fluid  in  ascites  without  the  suhstitution  I 
artificial  preMure,  or  by  suddenly  rising  into  the  ere<it  posture  tSU 
prolonged  recumbency,*  still  more,  at\er  long  stooping),  or  in  sod 
powerftil  mental  emotion,  either  exciting  or  depressing.  A  more  gntdn 
efl'eirt  of  the  same  kind  b  produced  by  severe  Ifaions  of  the  intern 
organs  (suoli  as  rupture  of  the  uterus),  wliich  often  prove  fntol  by  tj 
general  '  collapse'  thus  induced,  rather  tbin  by  the  distiirbaucc  whic 
takes-pluce  iu  their  own  proper  functions;  and  this  seems  tt>  be  tl 
usual  modus  ojxrandi  of  corrosive  poisons,  whose  eflect  upon  tl 
heart's  action  resembles  that  produced  by  severe  bums  of  the  surface  i 
children.  The  influeJioc  of  the  pmjwr  aedtlive  |H)tsona,  however. — siuj 
OS  digitalis,  tobsicco,  aconite,  and  npas. — seems  to  be  directly  cxerta 
through  the  blood,  upon  the  tissue  of  the  heart  itself;  and  the  HRme  | 
jirobably  the  case  with  some  of  those  '  morbid  poisons,'  whose  intn 
ductiou  into  the  system  gives  rise  to  diseases  of  the  most  intaiMcJ 
adymimic  type,  such  as  Malignant  Oholei-a,  iu  which  the  '  colUpw  | 
out  of  all  prriportion  to  any  loeikl  lesion.  But,  agaia,  the  loas  of  til 
Heart's  irritability  may  be  a  gradual  process.  retniJting  from  the  drtf 
riomtion  of  its  tissue  by  fatty  degeuemtion  or  by  simple  atrophy ;  aa 
this  l»st  condition  may  be  due  to  deficiency  of  blood,  as  happeiu  il 
chronic  starvation  aud  diseases  of  exhaustion,  in  which  the  &i]ure  ( 
the  circulation  seems  due  to  the  weakening  of  the  heart's  jkiwdt  kud  I 
the  towering  of  the  <juantity  and  <piality  of  the  blood,  acting  as  ooneni 
rent  causes,  the  condition  thus  induced  being  appropriately  destgnatd 
Anl/ieiiiti.  In  all  coses  it  is  to  lie  obHorvi>d,  that  when  the  Vital  powm 
have  been  previously  depressed,  a  much  slighter  imjin-ssion  on  tfc 
Nervous  system  ia  adp(|uate  to  i>roduce  SjTicopo,  than  would  be  reqiiin 
when  it  is  iu  a  state  of  full  vigour. — The  causes  of  the  tonic  ^pasm  4 
the  heart  hiive  not  teen  clearly  niade-out)  but  it  seems  producible,  lih 
the  more  common  form  of  Syncope,  by  agencies  operating  thtwigh  tl| 
Nerx'ous  system;  thus  it  has  supervened  upon  the  ingestion  of  ftUif 
ijuantity  of  cold  water  into  the  stom.ioh. 

987.  Somatic  Beatli  may  he  Dccasioned,  tecontBy,  1^  an  obetniotiil 

*  HtnuH  it  ia  thnt  grmt  cautiun  nhaiitd  i«  exeivlted,  in  AUoving  patient*  who  ttt  ut 
vslenvsut  from  wule  dlKeuee  tu  rise  iotu  tfae  erect  pontion;  niuij  -iiui  of  ttud  ^BA^ 
haling  licen  liiu.-^  iniluiscl.  Tha  bUU  {if  guii^  dubiliti,  noil  ibe  contimicd  iiii  imhs^ 
bitb  fikvuur  ttuB  TCault ;  eapecioJlj'  in  puriuUB  ulvunxxi  in  Ii£^ 
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the  flow  of  blood  lUrough  tlie  capiUarlcB  of  the  lungs,  constituting 

t^ik'/xia  (5  336) ;  taiii  this  niay  lie  couBoquent  upon  a  disordered  atnte 

of  the   luugs  tht'mselvwi,  or  upon   siiapenaion   of  the  respiratory  niove- 

)ent«  tlirough  affectii-iis  of  tlip  Nervous  centres.     It  is   in   this  mode 

^Bt  id'-ivl  fat;il  disordcra  of  the  Ntrvoua  System  produce   death,  except 

u  endden  and  violent  inipression  ooeasiona  a  cessation  of  the  heai'ts 

Bwcr;  thus  in   Apoplexy.  Narcotic  Foisouiiig,  itc,  denth   i-esults  from 

I  jiorklyzed  condition  of  tlie  Medulla  Ubloncrata ;  whilst  in  Convulsive 

,  the  futal  reault  generally  en^iiies  upon  a  sjuiamodie  tixation  of 

thp  respimtoiy  jauAcles-^Thinl/;/,  Somatic  death  may  be  occasioned  by 

ilia(>r<lei'ed  condition   of  the   JIUukI  itself  ({  l^'Mi   ^hieh  at   the   same 

iuie   weakens    the  power  of  lite    Heiirt,   impaii's  the    activity   of  the 

Ictvous  systeni,  and  jireventa  the  pert'ormauce   of  those  changes  in  the 

steniic  Capillai'iea,  which  ulVuiil  a  powerful  aiisiliiwy  to  the  eirculatioii. 

lis  is  Death  by  NecTirmla* — FouTtlily,  Somatic   death   may  residt 

4y  from  the  agency  of  CM^  whieli  stagnates  all  the  vital  oponitiims 

'  the  eysteni.     Where  the  cooling  is  due  to  the  agency  of  an  extremely 

external  temperature,  which  Acta  ILrst  ujion  the  eujierficittl  pai-ta, 

ber«   Wi   reason   to   think   that  the   congestion   of  the   intemul   vessels 

ar«by  induced,  ocoiidona  a  torpid  conchtiou  of  the  Nervous  centres,  and 

ftt   iJio  cessation  of  the  Circnlatitiii  is  immediately  duo  to  Aa|ihyxiju 

Jut  when  the  cooling  ia  gradual,  and  the  Iubb  of  heat  id  almost  ei|ually 

throughout,  it  is  obvious  that   the  st^nation   mutil  be  universal, 

at  no  cessation  of  activity  in  any  one  |iart  is  the  oeeasion   of  the 

or   in   the   functions  of  the   remainder,      It  is  in  this  manner  that 

death  oi-dinai-ily  results  from  Starvation,  and  not  by  the  weukoaing  of 

he  heart's  action,  as  commonly  supposed ;  the  proo&i  of  this  have  been 

Iready  stated  (§  433). 

988.  As  a  general  rule,  we  find  that  the  more  active  the  changes 
vhich  normally  take  place  in  any  tissue  during  life,  the  more  speedily 
iocs  itji  Molecul'ir  Death  follow  Somatic  Death,  the  requisite  conditions 
'its  vital  action  being  no  longer  sujiplieil  to  it,  Thiia  we  observe  that, 
,  Cokl-hlooiled  animals,  the  aupei'vention  of  Molecular  upon  Somatic 
Bth  ifi  much  lees  speedy  than  it  b  in  Birds  and  Mammals.  This 
ema  due  to  two  causes.  In  the  first  place,  the  tissues  of  the  former, 
Jng  at  all  times  poase.ssed  of  a  tower  degree  of  vital  activity  than 
those  of  the  latter,  are  disposed  to  ret.iin  it  for  a  longer  time ;  according 
I  the  principle  ali-eady  laid-down.  And.  secondly,  as  the  maintenance 
of  a  high  temperatui'o  isaa  esaentiai  condition  of  the  \dtal  activity  of  the 
tissues  of  wai'm-blooded  aiiiiaals,  the  rapid  cooling  of  the  body  after 
amutic  death  is  calcidatcd  to  extinguish  it  speeddy;  and  that  this  cause 
.  a  real  operation,  is  evinced  by  the  inflnence  of  artificud  warmth  in 
staining  tlm  vital  projwrties  of  sepai-nted  parts. — The  rapidity,  how- 
ver,  with  which  Molecular  death  follows  the  cessation  of  the  general 
rculation,  will  be  influenced  by  a  variety  of  causes ;  but  especially  by 
degree  in  wldch  the  condition  of  the  solids  and  fliuds  of  the  body 
I  has  been  impiured  by  the  mode  of  death.  Thus  in  Necru-nnia,  Asthenia, 
I  and  death  by  gi-adual  cooling.  Molecular  and  Somatic  death  may  be  said 
I  to  be  simultaneous  ~  and  the  same  appears  to  be  true  of  death  by  sudden 
'  and  violent  impressions  on  the  Nervous  system  (§  238).     But  in  many 

See  Pt.  J.  C.  B.  WilliamB'B  "  Priai^plea  at  Uedioine,"  Snil  odit.,  p.  tU. 


|the< 


936 


OF  DEATH. 


HUU    1 

rinuTl 


cases  of  death  by  causes  wliicli  operate  by  producing  a  more 
SyiiGope  or  Asphyxia,  the  tissues  ftnd  blooU  Laving  been  previouaiy 
a  healthy  condition,  Molecular  death  may  be  long  postponed;  and  i 
cannot  be  quite  eertain  tliat  it  has  supervenuil,  until  signs  of 
deoompoBition  present  themaelves. 

980.  WLeu  ^Molecular  dcalh  takes-place  in  fin  isolated  part, 
result  from  some  condition  peculiar  tu  that  pari,  and  not  pnn 
affecting  the  body  in  general.  Thus  we  may  have  Oangit-nc  or  Moitl 
cation  of  a  limb  us  a  direL^t  result  of  tlie  application  of  severe  cold, 
of  an  agent  capable  of  produouig  chemical  changes  in  its  Bubstaocc. 
of  violent  contusions  occa^oning  mechanical  injury;  or.  again,  from  I 
interruption  to  the  current  of  nutritive  fluid;  or,  fui-tlier.  from  sen 
ill-understood  stagnation  of  the  nutritive  process,  which  manifests  its 
in  the  H]Kintaneous  death  of  the  tisanes  without  any  ast^ignnble  csum,- 
in  some  cases  of  senile  gangrene.  Sometimes  we  are  enabled  to  tra 
this  stagnation  to  a  lUsoniered  condition  of  the  circuhitiug  fluid  ;  at 
the  gangrene  resulting  frum  the  aontinue<l  use  of  the  'ergot'  of  ryci 
wheat;  but  we  can  give  no  other  account  of  the  almost  invariable  ett 
mencemcut  of  bucIi  gtingrcne  in  the  extremities,  than  we  can  of  tl 
selection  of  le«l,  introduced  into  tlie  blood,  by  the  extenstira  of  the  foi 
arui.— If  Mortification  or  Molecular  Death  be  once  established  in  M 
part-,  it  tendi!  to  .spreail,  Ixith  to  contiguous  and  to  distant  portions  of  d 
body.  Thus  we  have  continually  to  witness  the  extension  of  jinngrene 
the  lower  extremities,  I'esulting  fi'om  severe  injury  or  from  the  use 
the  ergot,  from  the  small  [nit  first  atfected,  until  the  whole  limb 
involved;  and  this  extension  is  easily  accounted-for,  by  our  knowle4| 
of  the  tendency  of  organic  substances  in  the  act  of  decomposition. 
produce  a  similar  change  in  other  organic  substances  subjected  to  d 
influence  of  proximity  to  tliem.  And  the  pro[iagHtion  of  the  gangifno 
tendency  to  remoter  parts,  is  obvioasly  duo  lo  tlie  perver&ion  of  ll 
qualities  of  the  Blood,  which  results  from  a  aimilai- cause.*  i 

!)!H).  It  is  quito  certain  that  an  apjtareiU  cesaation  of  all  tlie  TO 
functions  may  takc-jilace,  without  that  entire  loss  of  vitality,  which  won 
leave  the  organism  in  the  condition  of  a  dead  body,  liable  to  be  spenli 
disintegrated  by  the  operation  of  chemical  and  physical  ageniaes.  Tl 
state  of  Syncope  ia  sometimes  ao  complete,  that  the  heart's  action  ennn 
be  jierceived,  nor  any  respiratory  movements  be  observed,  all  consoon 
neas  and  power  of  movement  being  at  the  same  time  abolished ;  and  f 
recovery  has  s|xint8nei>usly  taken  place,  which  could  scarcely  liave  bei 
the  cuse,  if  a/l  vital  action  bad  been  BUa{>ended. — It  is  not  b  lit| 
remarkable,  that  certain  individuals  have  possessed  the  powia-  of  rotm 
taritij  inilucing  this  condition.  The  best-authenticated  case  of  thb  ki| 
is  that  of  Col.  Townsend,  which  was  described  by  Dr.  George  Cbeyiit 
who  was  himself  the  witness  of  the  fact.  But  statements  have  ba 
recently  made  respecting  the  jwrformancea  of  certJiiii  Indian  Fatwri 
which  are  fkr  more  extraordinary ;  it  being  demonstrated,  if  these  Mil 

*  Od  tbe  pruximaW  cansea  •>r  Deatfi,  KB  especially  tbc  Art.  '  DcoUi,'  I17  h.  fljwij^ 
in  tlitf  "Cyclup.  of  AnaU  ami  riij*,,"  vol.  i. ;  ibc  first  tLapWr  of  Prof.  Alinn**  "OmS 
uf  Pithulugj  and  Practici.'  of  MeilicUie,"  KaA  Dr.  C,  J.  B.  WUliamg'a  "  PiiBoipln  1 
due,"  Sod  «di(.,  pp.  i52-lBO.  ' 

t  fiaehis  "TrnttKan  Narvaiu  Diwuei,"  p.  307. 
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iou3  are  Ui  be  credited,*  that  the  Human  orgatiisia  may  not  ouly  be 
'Dlimt4u:ily  reduced  to  a  state  resembling  profound  collapse,  in  which 
het«  ftppcnrs  to  be  a  nearly  complete  auspcuaiou  uf  all  its  vital  operaticiuB, 
lUt  muy  continue  in  tliat  condition  for  Romo  days  or  even  wotrke,  until, 
a  fot't,  mefliw  we  taken  to  produce  rcBuacilation. — Another  form  of 
pparent  ileiilli,  the  existonoe  of  whit^L  appears  to  be  well-ftuthenticated, 
that  BometimfS  designated  as  '  Tiuuce  '  or  '  Catalepsy,'  in  whjoh  there 
B  reduction  of  all  the  Orgnnic  Funi;tiona  to  an  extremely  low  ebb,  hut 
1  which  Cousciousnesa  is  Mtill  prenei-ved,  whilst  the  power  of  voluntary 
.ovement  ia  euapeniled ;  su  that  the  patient,  though  fully  aware  of  all 
hat  is  being  said  and  done  around,  is  unable  to  make  tlie  least  visible  or 
,udible  sign  of  Ul'e.f  It  ia  impoaaibie,  in  the  pi-eseat  state  of  our  know- 
edge,  to  give  any  satialactory  account  of  those  atatea;  but  some  light 
ppears  to  be  thrown  u]x)n  them  by  curtain  phenomena  of  artificial  Som- 
lanibiilisni, 'hypnotic' or 'meameric' (5S  iJUi—tJ);  for  in  this  condition, 
here  is  sometiuiea  an  extraordinary  retaiilation  of  tbe  respiratory  move- 
aents  and  of  tlie  pulsations  of  the  heart,  which,  if  carried  further,  would 
irofliice  a  stut«  of  complete  collapse;  and  its  Helf-iuductiou  is  suspected 
<y  Mr.  Bmid  to  bo  the  secret  of  the  performance  of  the  Indian  Fakeera 
list  referrud-lo. 

ili'l.  The  signs  by  which  rwii  is  certainly  diatinguishable  from  ajipareiU 
)eatli,  are  not  numerous,  a  large  propoi'tion  of  those  commonly  relied-on 
fiillacioiia ;  btil  they  arc  conclusive.— In  the  first  place,  it  ia  to 
arked  that  no  reliance  is  to  he  placed,  for  the  reasons  already 
i«ntioned,  U[ion  the  apparent  cessation  of  the  Heart's  action  and  of  the 
leepii'atory  movements ;  since  the  reduction  of  these  to  bo  low  a  condition 
hat  they  are  no  longer  distinguishable,  is  by  no  means  incomjiatihle  with 
he  pei-sistence  of  vitality.  A  surer  test,  however,  is  afforded  by  tiie  con- 
Ubion  of  the  Muscular  substance ;  for  this  gradually  loses  its  irritability 
ifter  real  Death,  so  that  it  can  no  longer  be  excited  to  contraction  by 

'  Sec  a  collection  of  these  caies,  directl;  obtained  ftom  British  offiMni  «hu  had  been 
I^e-«itne53e5  of  them  in  India,  by  Mr.  Braid,  in  bi£  *'  OhaermtioDs  od  Tnmce,  or  Humftn 
Ijbeniation,"  1350. — In  one  of  tbese,  vunizbed-fur  bj  Sir  Claude  M.   Wade  (forTjietly 
Kjlitioal  Hgeot  At  tbe  C<tart  ^f  BuDJeet  Siugb),  the  FjLke^r  vu  bori^  in  aa  umier^mud 
sell,  nndi^r  strict  go&rdiimahi]!,  foi  Wj*  wt*kf;  tbt  biidy  bad  been  tviee  du^  up  tiy  KuiijctiC 
iiugb  daring  Urn  periud  of  iutenueut,  and  bail  been  fuund  in  Ibe  aune'  piiaitiun  as  sbon 
tnt  buried. —  In  anutber  ca«e,    oanaled  by  Lieut,   Buili-au,   in  bie    "  Nuraliva   of  a 
Fotiniey  in  Hojwana,  ia  183S."  tbe  man  had  been  buried  for  ten  days,  in  a  ^rave  lined 
■jlL  maisonry  and   cDVereil  witb   large    slnbd   of   stone,  and  nrielly  guarded;   and   be 
iHHired  Lieut.  B.   that  be  wb;4  ready   to  submit  to  an   intermeuL  of  a  twelvemoatb^v 
laration,  if  desired. — In  a  tbir*!  c^ise  narrated  by  Mr.  Braid,  the  trial  wa.4  n^aitti  under 
the  direct  suf>eriLlendGncc  of  a  British  Orticer,  a  ]ieriud  uf  nine  dayK  bnvukg  been  stipu- 
BWU-for  on  liie  [lart  of  the  dtiulee ;  bnl  this  wua  aborlened  to  three  at  the  duairs  of  tbe 
3Scer,  who  fearei)  \iaX  \ie  Hhoulil  incur  blame  if  tlie  result  vat  fatal. ^The  appeanuioa  | 
>r  the  body  vhen  Itrst  diitiuterrei!,  is  desmbod  in  nil  instances  ss  baring  been  quite  coqise-  ' 
bke,  and  no  pnlMtion  could  be  delected  at  the  heart  or  in  the  arttines;  tbe  means  of 
restoradou  emptLiyed  vere  chiefly  wannlh  to  the  rerter,  and  Miction  to  tbe  body  aud 
imbs, — It  may  be  reniarki^  that  tbe  possibility  of  tlie  j>rotraction  of  sueh  a  slate  ^enp-  j 
poting   that  U"  rlei-t[itiou  viiuiws  the  »utlioiilii-ity  of  the  narrativrs!  rel'crted-t.))  can   bal 
tnucb  twitor  eomprehended  as  occurring  in   India,  thnu  as  taking-plnce  iu  this  countjy;] 
nnce   the  warmtb  of  the  tropical  atmosphere  and  soil  would  prefent  any  serioua  leas  ofi 
heal,  eucb  as  mast  soon  occur  in  a  colder  climate,  when  tbe  prooenefl  whereby  it  in  gaaa-'l 
rated  are  brought  to  a  atand,  I 

t  Sereral  >acb  cases  are  recorded  in  Dr.  H.  Uayo'i  "  LetUn  on  the  Truthi  oontMlieM 
is  Popular  SuperMiliona,"  and  also  by  Mr.  Braiil,  Op.  cjt.  ■ 
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electrical  or  any  other  Mud  of  Btiinulntion  ;  and  the  lota  of  irritatnll 
Bucoeeded  by  the  appeai-nnce  of  cnciaveric  rigidity.  Bo  loug,  then,  as  tb 
muscle  retains  its  irritability  niid  rcmaiiiB  free  from  rigidity,  so  long  wi 
mny  aay  with  certainty  thiit  it  ia  luit  dead;  und  the  persistence  of  it 
rilality  for  an  uniisnal  period,  afl'ords  a  ]jresHniptioti  in  favour  of  ih 
continuance  of  some  degree  of  vital  action  in  the  bo<ly  geuersiUy;  'wtkiU 
on  the  other  hand,  the  entire  loss  of  irritability,  and  tlie  superventtOD  I 
rigidity,  afford  conclusive  evidence  that  death  has  occurred.  The  md 
BatiHfaotory  proof,  however,  ia  given  by  the  occurrencf  of  piUrffartian 
this  usually  first  manifests  itself  in  the  blue-green  coloration  of  the  end 
neous  surface,  especially  the  abdominal ;  but  it  qjeedily  becomes  apjAr«d 
in  other  jiartit,  its  rate  being  usually  In  some  degree  of  accordaiic«  witi 
the  external  temperature,  though  also  much  influenced  by  tlie  jirevio* 
condition  of  the  solids  and  fluids  of  the  body,  these  having  been  eunit 
times  left  by  diseased  actions  in  a  state  that  renders  them  peculiu^ 
prone  to  disintegration  (§  72).  ^H 

992.  With  the  final  resUiration  of  tlie  components  of  the  HnwH 
Organism  to  the  Inorganic  Universe,  in  those  vtry  forms  (or  nearly  *>)  ii 
which  they  were  fii-at  witLdniwn  from  it,  the  Corporeal  Life  of  Man,< 
which  it  has  been  the  object  of  the  foregoing  Treatise  to  akelch  the  laid 
big  features,  comes  to  a.  linid  close.  But  the  Dsiith  of  the  Budr  is  bd 
the  commencement  of  a  new  Life  of  the  Soul;  in  which  (as  the  reliffioa 
physiologist  delights  to  believe)  all  that  is  pure  and  noble  in  Man's  natiii 
will  bo  refined,  elevated,  and  progi'essively  advanceil  towards  jK^rfrctioo 
whilst  idl  that  is  carnal,  selfish,  aurl  dogi'niling,  will  be  eliniinated  by  th 
purifying  procjwses  to  which  ejwh  individual  mu?t  be  subjected,  befoi 
Sin  can  be  entirely  subjugated,  and  Death  can  becomplet«ly  "swmllowd 
up  of  Victory," 
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Biliary  cells,  335;  degeoenitton  of,   3U8,              ^^^^^| 

dwtai    \>y,    297,    !I00,    93S;    imiK'ri'Mt 

^^^H 

^■«la>ure  of  Micuspid  TUlre  in,  228 ;   iii- 

Biologiail  Ktstc,  620,  ^26,  626.                                ^^^^1 

^Bfoeawil  prenura  rilJiiu  sjineuiic  uteries 

filutodemic  Ali'iD))miie,  829,  832.                       ^^^H 

^in,  252. 

po.i                                              ^^^^^^H 

(hilnniwiiq    404    41  fl 

Blind  per^onA,  ncutcncaa  of  toiidi  in,  690,                        ^^^| 

Aaimiiatioa,  guienkl  nature  of  tlie  fnne- 

6U1  ;    improvement  of  hearing  in,  738,                   ^^^^H 

IJoQ,  22,  23;  perfurniHl   bj  LiviT,    llfi. 

^^^H 

11",   370;   by  AlKorbenl  Jfjitein,    117, 

Blood,  general  ehsmcter  and  purpuaea  of,               ^^^^^| 

12S  :  lij  VbsiiuIut  ^liuids,  133-135. 

137-139;  quantity  of,  139,  140,                        ^^^^H 

Aiisiiciiiliou  of  IdcuB,  laws  u(,  593-698. 

CoJr^poiiitioti    of,   iu    Ilr'tlfh,    1 56-169 ;               ^^^^^^| 

Aslht^nin,  death  bj,  924. 

ijiiKlilicat.iun  of,  by  ii|;e,   IKO;  by  sei,                ^^^^^H 

Astbruii,   spiumudic,   078;    contnLctioo   of 

161;  by  food  luid  iMnk,  I6l-I6;i;  by             ^^^^H 

hmnuiiiol  tubus  in,  267. 

loB9  of  blood,  103,  164 ;  differences  of               ^^^^1 

AUviKni,  824. 

Arterial  and  Yenona,  164-168 ;  pe>cn'               ^^^^^^H 

AtlHDtidDt,  891. 

lioritiiiiiof  [lorlalblnod,  168;  ofineseD-              ^^^^^H 

Attiipbj,   SIS,   330;    coaditianB   of,   330- 

terie  blood,  168,  169;  nf  splenic  blood,                ^^^^1 

333. 

136-137,  169,  170;  of  hoiutie  vmn,                ^^^^1 

Altititiini,  iaflueni>(]  of,  on  SeDwtiune  gecc' 

170,  171;  of  renal  reiu,  171,  172.                      ^^^^^^| 

rallj,   658-560;   on    Forwiptiunfc    otlB- 

Campimtion  of,  in  DiataiH,  1 72  ;  increase               ^^^^^H 

671;    oa    Ideiu,    599,    6U0;    Voluntur; 

of  Sbrin,  172-174;  diminution  of  fibrin,                ^^^^^| 

fixation  of,  121,  622  ;  offei^t  of,  on  asat/e- 

171-176;  iucreiwe  uf  red  corpuscles,                ^^^^^| 

tusa  of  Tonoh,  690,  B91 ;  on  Tatle,  e97  ; 

176;    dluunntion   of    red    corpnnoiee,                ^^^^^| 

on  Smell,  6119 ;  on  Viaion,  727  ;  on  Beiu- 

176,  177;   increase  of  colonrlus  oor-                ^^^^^| 

iuft  738,  739. 

puscles,  177  ;  dimiaution  of  albumen,                ^^^^^H 

177,  178;   increwe  of  fatly  matter,              ^^^^H 

mcnl*  by,  612-ai8,  T7fl;    inflaente  of. 

173;  altered  proiiortion  of  salts,  179;                ^^^^^H 

on  Orginii;  functions,  7S4-78fl. 

of  water,  179 ;  presence  of  [loisons  in,                ^^^^^^| 

Auditor;  f:)nnglia,  4)16,  491). 

306-217.                                                ^^^H 

Nerres,   501,  602;   nltimite  dia- 

Cor-pn^da  of,  Rtd;  farm,  siie,  and  sapect              ^^^^^| 

tribntion  of,  "28,  729;  effects  of  Motion 

of,    142-146;    coinpoeitiuu   of,    146,                ^^^^^H 

of,  Si}-). 

146;    influence  of  raigsnU  on,   147;                ^^^^^| 

Auloualic  activity  of  Spiniil  Cord,   4S3, 

tendency  Xa  nggregalJon  of,  148;  pro-                ^^^^^H 

*84,    493,    494;    of  Sensory    Gniigliiv, 

diittion   and   disint<'gratioa   of,    161 ;                ^^^^^H 

609-512;  of  Cerebrum,  563,  554,  590, 

embryonic  dcTHtupnieut  of,  161-163;                ^^^^^H 

604-«07. 

subaoijuent     dayolopiueut     of,     frum                ^^^^^^| 

.^^_ ■  •  ^ ^^^  - ^^^^^^^H 
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lymph -eariiHBolca,  lSS-166;  ehange  of 
oolijur  ID,  bj  renpiHiWun,  187,  lfi8 ; 
Ihcir  asw,  191-IDU;  t&rintiouB  ia 
uitoiitit  of,  in  cli«i»a,  17tl,  177;  dc- 
•Iniiliou  of,  178,  177  ;  mutmJ  Bttrac 
liou  oC,  Id  cougnUlJon,  U8,  189;  nl- 
heaion  of,  to  walla  of  veeseln,  251. 
Oiiriititdii  uf,  Coluitrltja ;  fonn,  «iio, 
ami  Mpofl  of,  US,  119;  peoulinr 
mutemenl  of,  Lu  capillarieB,  US,  150; 
cliunge  of  fona  of,  1  SI) ;  Dumericnl 
propijrtioD  of,  to  red,  ISO;  denjlop. 
meat  of,  idIo  red,  1S3-156;  their 
uscA,  ILKi,  1117;  thpir  Tariatinos  iu 
nuuil>ar,  107,  19S;  mnltiplicatiou  of, 
iu  rliaoue,  177. 
Prrmrr  of,  s^uait  voUo  of  heart,  233  ; 

Bgunit  ut«rieB,  242,  243. 
PrttpaivM  of,  Phyiicai,  140-142. 
ProjierfiVi  o/,   ViTfil,  180, 181 ;  oosgnl*- 
tiun  tif   {MK  Cuutiilation),  181-181; 
DBCH  of  libnn  uf,  1111-1114  ;  ma  of  oor- 
pusulaB  of,  ll(4-ll>8;  uana  of  jlbnlnm 
of,  lfi8,  190  ;  uses  uf  fttU;  matter  of, 
1911,   £00;    nHa  of  ianrgniiic  cunipo- 
Denla  of,  200,  301 ;  purifieatioa  of,  by 
e»tT*lary    processes,    201-203;    cum- 
pHittifn  of,  Joltmiinw  mod^  of  nutri- 
tion, 203-205,  an;  Life  of,  206,  21fl; 
aelf'iniunliuijiiig  power  of,  205,  20d ; 
eliniinHtJon  of  pdsooo  from,  20S-207  ; 
conlAuiiiiftiiun  of,  bf  tuorbid  poiooofl, 
2U1I-21T. 
Ra/r  of  Pi'opiUtivH  of,  by  heart,  2B1- 
233 ;    nU!  of  mnvemeul  uf,   Ihrungh 
artVTii»,  24-;  tlin>ugh  faiiillariea,  246- 
248;  through  veins,  254,  255. 
Blood- VKwela,  Absorption  bj,  from  alimen- 
tary canal,    10!),    110;   fniiD   iHHly  in 
genenU,  111-114;  inflntinue  of  Htalti  of, 
oa  cuo^ulatioa  of  coatuned  bloD<l,  181, 
186;  see  Arirria,  CapillarUi,    Vtiiu. 
Bone,  de);6nemioD    (lud    regeaeration    of, 

821-323. 
Brain,  Boe  Certbrum,  CerrbtUam,  aail  5™- 

prrif  Gait'jlia, 
BminbiBl  Aii'h«»,  835,  836,  839. 
BrovlK  (if  Auiuiale,  origiimtiou  uf  new,  SS3. 
Brighfudiwasuof  KidUBj,  382,  383;  itale 

of  blood  in.  lTif,l77, 
Bi>m<'hiAl  tuliH,  lytntraotility  of,  203,  2(17. 
Brnnner'B  lilandi,  98- 
Buffj  Qut  of  blood,  189-191. 
Bnlbua  artvrioaiiA,  835. 
Biuhnieu,  of  Soathum  Africa,  882.  898. 


0. 


Caleattx  hha'k  hole  of,  300. 

Calorific  Value  of  different  artii^lea  of  food, 

3s,  39. 
Calorifying    Power,    nonrCBa   of,   412-41fl; 

•e<  Heat. 


Cancerous  growtlu,  314  Mdfe,  S4S.         I 

Capiliariu,  rtrneture  uf,  248,  3*4  ;  t 
meter  of,  214,  245;  amuigvmieDt ' 
245,  246;  rate  of  movi-mMit  of  tJ 
tlirongh,  246 ;  iU  varialiuna,  24T,  3 
its  indHpeudenw  of  beon'i  actiiin,  1 
249;  ita  regnlation  by  eonditiona  < 
mliag  in  capillariui  tLemaelTei^  360-1 
indnenoe  of  Durruaa  aystcm  on,  i 
254;  inflocnco  uf  abuck  on,  254.  ' 
Carbonic  Acid,  in  Blood,  166;  aDorc^ 
prodm^tion  ul,  ia  (yttem,  2(10-202 ; 
eicbiuj^e  for  "xygoo  in  respiration,  3| 
286 ;  oireutnfitanivi  aflwtin^  iinuil 
gHDBniled,  28H-2P1  ;  eitriiatiini  at,  6 
■kin,  200  ;  etioiinatiuu  uf,  by  Mmotpi 
of  nitrogen  or  hydrogen,  291,  S93. 
Cardiac  plixoa  uf  Sympatbetic,  7TS,  7)1 
CaroiTorona  animala,  nwpiration  oC  2| 

eicretiona  of,  332-354. 
Cauin  of  Milk.  817. 

Caitiatiuu,  iullucnct  of,  on  growtli  of  ■ 

and  hornE,  204.  1 

Catalepiy,  ruea  of,  927  ;  Hubmiv^  Hi 

Cancsaian  Raeu,  888,  839  ;  nriecj  of  ol 

in,  875- 
Celtic  Race.  890- 
Cejihnlic  (Jangli*  r-f  Inrerlebnita,  4Si . 

Nerve*.  gpiitriLl  charart«r  and 

lationa  of.  478.  479. 

CercMlaiii,   ]«culiar  to  Vertelnsta,    Ij 

620 ;    itrnfturv  and   rKlatinan   of,    51 

621 ;  reUtive  dcvtlupioriil  -f,  in  tlllTrn 

aaiinalH.   521.   522;  ruull<  of  tif^ 

menls  on,  52S,  523;  patbolopod  ph^ 

incna  of,  523,  524  ;  ftmctiuiui 

fiSl. 

CerebntioD,  anouucuiui,  B07-1I10 

Ci:n.'hro-Hpiiuil  Itaid,  538. 

CeirbrnSjfinal  SjfglnH,  see  I^MKTorvf 

tan,   CrrrUllan,    Ctrt^rum,     3ti^m 

Ohitingafa,     Saaory    OaKglia,    Sfil 

Cord. 

Cenhrun,  pwuliar  to  Veitehntta,  S3,  tl 

it!   inferiority   in    lower    Vtn^wd 

443 ;  ila  relative  siu  in  itiflerant  ■ 

mala,  £40,  541 ;  itnnut  pmlomtoal 

til  Han,  631 ;  Tarialduoa  of  uav  In  M 

S42;  it£>Cmctiire,    633-639;  cm4 

■uboUace,  533  ;  tnedallary  m)M»g 

633,   634  ;  it*  radiating  Gbtwi,  S 

535;  it<  mmmiHona,    53£,  536;- 

wcight,  536,  537;  ili.  EnppU  of  bU 

637,  538;  derelopmrut  i,f.  8'5S-$5J 

Pnnction*  of.   538-646,    851-e,W;  i 

tvlalton    lu  IntelligKne^r  aa  coxitnil 

vith    iDitincl,     538-542.     B4S,  U 

eflecla  of  ita  rentoral,  601,  6<I5,  St 

of  (UBpeDiuoD  of  its  a^Tlly.  OST-^ 

informatioii  deducibl^  fr^m  ita  wtt 

loQT,    644 ;    it*  fiuietioul   muM^ 

aith  Sfntory  Osngli^  S4S.    544 ; 

■iiltimatic  activitT,    553, 

Mind). 


i3,    5«;   \ 


^^^^^^^^^^^^^^^riTOKi^ii^uniT^s^^^^^^^^^^^M^^^^^^B 

ftlmoniKil  ArtWty  ot  n.'.H-ililfl;   pdi- 

riuunTu  un,  18S-lflfl:  lufliieniw  of  mt.               ^^H 

riuni,  ';^3,    ilASi;    Mnniu.    <IAB,    dVI; 

1^5;  inJIuKiirr  kif  ttariiktli,  L^£;  f^fTi^tt  uf                 ^^^| 

iDHiiitiiy.  ^jii-ff<j:2  (4(V  Jriaiiity] :  lly-^^ 

neiitml  juiIu,  )Xa.  1M1;  »nii.|.|re<-l  «f  siir-                 ^^^ 

ttriu,  <;0-J.  (I'ia ;  HI.llur-i^mIltlll^  Bfla, 

nilllr.tiKi.'    Alllli'>fib>'lr^    IbH;    Iii1Ii>><ii<'l-  tif                    ^^H 

(llH  ■  fb^ina,  eoE, 

i)v|ire«Ki^l    viiJilily  or  •lunth  nf   viwcis                  ^^| 

Clin'iinluu  I'vttratuh,  iDi:tJri>-l  iif.  Hi'iV, 

len.  187:  inSiicnrv  of  Mliuiitun-  of  ili'nil                 ^^| 

('liaiifiL-    of    iiialtrr    rrciuircti    in    Urgiiuio 

nialliT,    1^7.    lli!^\    raryinj{  jii<i]uiIionB                 ^^| 

runntioua.  tiCA,  S^5. 

of  unini  BUil  clot,  \R»,  18V;  foriuntiurt               ^^M 

IMWiaM\,  fhikni'iiriiitiai  af,  S09-I)l  1; ilU' 

of  |jun7  ouat  ill,  lali   11>1,                                           ^^H 

eucii  iif,  111(1,  IHT. 

CiPi'lJpa,  fLiiti'iioiiB  tif,  7HA,  73').                            ^^^^^^1 

Cliiuipniuws    t\iiiiiiiiHei>u    uf,    with    Mjii, 

rMliK.-ir  ll^.^>e,  .llsl.riiiotjon  nf,  T23,  T2I).           ^^^^| 

a-11. 

I^E-llI■'ll^bl3iJ.,  fi<\l\,  6l>7.                                      ^^^^^1 

Cliluriile  uf  Sixliuui.   in   LImuI,    iofl;    in 

('•jlfie,  xllHt  Iif.  rin  ntinr,  3l'r,  UOR.                         ^^^ 

uriiir,  itlill, 

I'l.itiiin.  ulinre  uf  Male  In,  7U3  ;  uf  Fiinair,                  ^^| 

Chlohiali.   ttiiln  <if  liluoil  In,    tTO;    troitt- 

^^M 

tJlnut  ^r,   11>1  hrffr. 

I'jbl.  Iiii1iii-n<^»  nf,  on  loclntj  of  wtenH,                ^^| 

C1ii<hln<l>.rinl<i4.  »33. 

;!37,  'I'Mi;  jiowTr  of  renrtlnu,    •anatli'ii                  ^^| 

('Mi-m,    nUlu  of  IiIithI  ill,    17R.  I'll;  in 

uf,  witb  n^i>,  4;j<l-4'J2,  nUI  Hvir:  jniwr'v                 ^^H 

ttupii^v  >if  ['(mv«''ent  fiHxl  ill  ik'velopiii^r, 

of  ^vnotntiiig,  422;  ili»tb  by,   413r'4ir>,           ^^^^H 

49  niilf:  iiyfliitni™  -if  iinperfMl  nsliim* 

^^^H 

tioa  in  <lcvclu]iing,  301-3I)S;  Ihinl  ••!. 

(Joloatrani,  8M  SMO.                                                ^^^H 

rulivtvd  hj  HLliDH  injci-UiinH,  0.1. 

Colonf'f  Db-ml,  cbnUKM  uf.  11T.  ItS.                ^^^H 

(.liulnlirin  in   Bile,    STI;    in    IIIiuhI,  UT; 

^^^H 

Cliunljc  Vi-tnlfH,    755;  rrguLntinn  u1    tbeii 

Coloun^    vant  of  poirer  U*  «IiBrTituiiinr«,                 ^^^| 

tMisii'ii,  7J6-TST;  nature  of  Uitir  nctiun, 

'23.    724,    730;  ptalocliou   nf  ooniiiW                 ^^| 

7liS-7U2. 

loenrjvT},   722,  T23;  niiHlifioiiion  nf,  !•;               ^^U 

.           Churait,  pitlbology  of.  065. 

jiixtai-unljim,  723,                                           ^^^^H 

(%ariuo,  fanaatkiaof;  SOU;  tuft*  of,  BOD- 

ColuiurIcA  eorpuMln.  tee  Blootl.                        ^^^^^M 

811. 

(.Vimii,  1)70,  aTl;  Mesoiciii-,  a4T.                           ^^^^H 

(^mniuio  Aberration,  701. 

Comparison,  iDli^lloctual  pnii't^aeof,  COII,              ^^^^^^| 

Chjlfl,  ojmpuHiiiuii  uf,  121,  IZi:  mimi- 

I'auimieiureri  of  Ct^rtbniia.  ^36,  fii'Ili,                        ^^| 

■uupiu  iiliiuiiiTleri  <if,  122,  123  ;  ai^ioiila- 

Coniplemenlal  Nulritiuii,  Uocuinv  of,  203,           ^^^^H 

tioD  ot,  123. 

^^^H 

Chjmr,  fonnaliua  of,  bj  digenivc  pruoeaa, 

ComplemsntarT  Colonrs,  722,  723.                        ^^^^1 

BS-93. 

Ci^n^tiption,  ai:t  of,  815.                                            ^^^^^H 

CicatnuLtiuB,  procefn  of,  SSA-SSf. 

CitrtdoL'l,    itelemiinatiiru  of,    by   Iho  Will,                 ^^^| 

Ciliary  gangliou,  470,  T73,  774. 

<}27,  628  ;  iuUubufo  of  UotitdS  on,  G211-           ^^^^M 

Ciliar)'  luiiRcle,  function  of,  702. 

^^^M 

CiiioDi.iiiiin,  23;   puneml  plnii  nf,   2i7- 

Comluotion  i>f  £onoroua  ribnilronti,  720,                ^^^^^^| 

21C  ;  action  of  Ueurt  in,  21S-235  (sw 

CongealioD.  pinliNivwilinn  to,  175;  of  liver.               ^^H 

I/earl);    Brtioo  of  Arleriw  in,   235- 

TarioDG   fumin   of,    SOS,    3<]T ;    tenuni,                  ^^| 

243    |Hcp  Ar'eriei):  iwULin   uf  Cnpi]. 

raiisea  of,  257-                                                               ^^^| 

laricr^lu,  243-251  yieeC'iiii/tni'UA'i:  nc- 

dn^ient^,  naluri?  of,  578-581.                                      ^^^| 

tioii  of  Veins  in,  254-257  ',sce  i'fiiu). 

(^unHi'-ioudrJeKH.  tb«  foamlation  of  all  Mental                 ^^^| 

Peculiarity   of,    in   Craiiiiiin,   26H,   531, 

tu'ttvlty,    551),  557;  Atat  of.   in  ScnAory                 ^^^| 

53S;  in  EreetUe  tirauHS,  2Ba,  2Stf. 

Uui^lia,  501),  545,  btti.                                  ^^^M 

In    Pietua.    early    type   of,     635,    83fi ; 

ConlBrviuQS  uf  Relief.  720,  721.                             ^^^^^t 

chiiD^a  in  plan  of,  838-848;  [lUn  of. 

ConvnltATG  Uieeasesi,  I'>7fl-<i71>.                                ^^^^^| 

in  mntiirc  liHue,   H42-843. 

Co-onlination   of  AlovimicuU,  tlic  proliaLlo           ^^^^H 

tSrrlioBii.,  '>(  liver,  387,  3fi8. 

function  of  tbi>  CctvIkIIiiiii,   S2t,   634;                ^^^ 

Civiliiulion,  iatlnence  of^  on  form  of  akuU, 

iuflaflncir  of  kibit  on.  742.                                           ^^^| 

g'S-aSl;  on  budy  in  geneml,  BSI,  A»2. 

Cor[H)ra  Malpigbiann,  ofKiilney,  3Tn,  38";                 ^^| 

ClaiiTDjanoe,  660. 

tlieir  uses,  381;  diotIliiI  ciiurigi^  in,  383,          ^^^^^H 

Clarsmout,  leaij 'poisoning  at,  60. 

883;  of  Spleen.  127;  nwieor,  134.                  ^^^^H 

ClHsiGmitiuii,  njenul  process  of,  SVS,  660. 

Olivaria.  4U1.                                        ^^^^H 

ClotKH,  8iS.  848. 

n ^^^^^^H 

Oaa«{olul>li.-  Ltiuph.  iilTim'd   for  reptmUou, 

S35:  in  inHiimniution,  344-346. 

Moaa,  50  &,                                                                      ^^| 

Conffiiin/ii/n   'i/  SIwhI,    HI,    191;  ei»<m- 

tiallj  Juc  to  roliiliBcntion  of  fibrin,  181, 

Strinlo.    t!>T,    4S3 ;    fnnftinnK  «f,                 ^H 

1S2;  an  act  of  yiUility.   183,  183;  owa. 

60S,  607;  ouiinection  of,  with  Ccnbmiu,                 ^^| 

flional  dt<tioicu''y  of,    184,  101;  rctarda- 

534,  535.                                                               ,^H 

(ioa  of,  ISl-lSd;  eficrt  of  tilemal  in- 

TIT    lo: _      Ollt     dAi>                                                              ^^^H 
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Cnqnu  OBiloBDD,  ESS;  cuei  ol  delidetioj 

of,  636  natt. 
PeDtBlom,  4fll,  4C5. 

LatcQin.  fi*nuatiou  ftf,  8tKV-S03, 

Oiriia&.-la  li  Bli"!,  s™  liloi'd. 

o(  Cbjic,  122.  123  i  lliirir  i™ii»- 

f^imiftiiuii  [Dto  yixHi'tMTpTjArltia,  153.  IM. 

bSS. 
Caughinl,  act  of,  277. 
Cranial  rertebi*,  851-863. 
Cnuuo^lUDal  Axw»  tbe  hmJ&TnentAl  por- 
tion  of  die  Cmbru-Spiml  BjBlaii,  141. 
MS  :  (BO  Mtdtdla  OtUngala  and  Spinal 
Cord. 
Craniam  of  Kao,  oomparail  witb  tliat  of 
Apes,   S~5,    T-Si    iliffomnt    form*   of, 
STT-B91  :  pMnliarity  of  sirculalioii  in, 
S5S,  S3T,  5SS. 
Cra— inifntiim.  141.  142,  181;  proportiMI 

td,  to  TtEnim,  WJ, 
CraMinp  uid    Crinlininc,    compMenlB    of 

blood,  !58.  -UU;  of  iirine,  3K0. 
Critii-al  Eviimatii.119,  400. 
Cntn  Cenliri,  motur  and  acuDrj  tnuU  of, 
4I1I1-4I1B  ;  effeeU  ornKtiim  uT,  GII7,  5U6. 
Crjiui!,  art  of,  277. 
CiyBUla  of  Blood,  15S,  ISO, 
UuCAIlfeiiiiii  Ajipbjxia,  404,  41£,  410. 

Bagilrstiun,  2n0.  410,  41A. 

Traniiiiiratioii,     401-404;      tee 

Siutaripintut  Hxcrttiaii. 
C}sti,  ^ifenjSb  uid  dentiguotlB,  3S9, 


D. 

Daltoniniu  722, 728. 

Deaf  ami  Biimli,  514,  TBS. 

llcal/i.  tUv  iieaatmry  aMunnnmMii.'n  at  SJtv, 

»ia,     031,     B22;     m.nintip,      923-936; 

moliy^iitar,  D22-W'i<i ;  n[i]iaj\'nl  and  nsnl, 

Safl,  1127  ;  sipij  of,  1127.  B2S. 
Decidiia.  rorniatiua  uf,  !dl)7~^0;  iW  share 

in  f'lmifttion  uf  |)Ui.-enta.  till,  SIS. 
Dediuo,  pvniid  uf,  H1D-U21, 
DereaiCion,  act  of,  72,  4gS. 
DryeneTiilioiL,  oiutipuul,  of  liiiiig  tiMaes, 

8in-3ia,  321-325 ;  of  masele,  321. 331 ; 

of  bone,  3'23.    323 ;  of  Iccth,   32fi ;  in< 

prr'w.vl  l<^ridph''y  to,  in  iiiflammaUoD,  340, 

S4I ;  of  lymph  mid  ile  jirudurt*,   845, 

S4«. 

^C»ll»reo^^  019.  930. 

Pattj,  323,  331 ;  f«vuiiK*l  l.y 

hftliituit  uneoralciiheilii-liiinuni,  62,  324; 

t^ndexioy   Uf,    diirioiE  jjvrim]  nf  d^lini*, 

eifl;  of  Utero^   323,   S17:  of  Hepatic 

oelU,  aes,  S«9;  of  BauiJ  rtlls,  383. 
DrrglutitiiiD,   net  of,  03,  6i  ;  u^rvct  uf,  S4, 

its. 
Ddtjr,   Anthropomiirpkic   and    PanUiflivlifr 

views  uf,5SS,  G53;  notionitrfi  578,  fiT9. 
Ddihiuu,  663-016, 


DclarioiUk  IWl-4tf4;  K)>idanu^  Oil. 
DcDiitum,    Gnt,    908,    ^09;   ■era^    91 

913. 
IMermtnatiana  uf  Bluod,  looJ,  ai 

249.  330. 
I>FDlcn«plialoa,  denlopaMiit  td, 
DrrtUpmrnt.  a  aoKtrt  at  immnA  tar 
tiliD,  S15, 31fl  ;  iudiflameebosi 
310 ;  anwt  of.  Slfi,  839,  843,  MS, 
853;  [>Eriudof,  905-917. 
Urrrlnpment  of  Emitryti,  grai^ni  ptu  i^t 
328,  829;  nrlint  sta^o  i.r,  ^i'J-fSi} 
KpnenuitiiHi  of  j^ilk,  830-932;  [■itmn 
tioa  of  Ma?it4idejitiir  r&ii'-lc,  832 ;  tomi- 
dntion  of  Vettubnl  «ilnioB  aad  Nemo^ 
rvntn^  833.  833;  ianlafmti  ^ 
Amnion,  833.  837 ;  nKrolar  kng^  U4 1 
Vitelline  Tmli,  831,  b3S;  Bmrt  ami 
ATUrial  sntem,  835.  »3«,  8»S.  SXt-^ 
AlkoKua,  S3i).  837;  f.'Dbiliail  nwila 
ttti  plocenlal  villi,  837.  83.'^  ;  V«.>«>a 
■jrtsm.  Sae,  SlU;  AlitoentJ*^  •■"■^y'- 
883,  842;  Uvef.  813,  841;  ^ 
olher  VKh-ulat  glivods,  1 29, 1 :  i 
841,  SIS;  Uriluir;  liTgiuui,  »lj,  itU} 
OeDEialiTp  Kpiumtns,  81tl-819:  S*i«; 
mar]-  ehuid,  8li3;  Sk< 
Htrvoim  ('t'lilrvn,  833.  .'^ 
nerves,  4ili;  Ej*  uiil  !■ 
^)Hj.  Animal,  39;  VegpUblc.  4u; 
11;  of  trainen,  17,  43; 
a«ln  of,  45-17;  iaflaono*  of,  on  eoMm 
poahioD  of  Blood.  l<i»;  aa  KcaufrMiciJ 
285.  28S;  ou  Eicretioii  gmmtij,  UM 
355;  DO  rompoidtif  td  Drii^  SNv 
89fl. 
Diirniiion  of  gam,  lav  of,  !91. 
DiiiESTioii,  (leaenl  nature  of,  SL 

Barral,  7ti,  77. 
tjai^riCf  a  prooesi  of  obamlaal 
89 ;  lime  requiFod  for,  M,  VI :  li 
to  aiotiied  aahMBDma,   91.  Vi ; 
vnat  of  nxionR  ODoditiona  on,  91,  9). 
IiUr^inai,  iulliWDfl)  of  pmnamUt 
ID,  »3^S  ;  oftnle  in,  V&-93  ;  <tf 
pDtnii'iu,  93,    99  ;  iia   nuinnaj 
car  J.  as,  ll>0. 
IKngo,  Anrlrftliuu,  breodinjf  of,  8^  ■«<«. 
Direetioo  of  suond*.  jiiilinic'ui  nf.  T8S.  • 

,  Tiioat   tense  of,    711 

,  Centre  -f,  72*. 

Diaens  praUgarae.  795. 
Diaiulcgnti^in  of  TiflBb«a,  a 
Distanw,  odaplAtiuu  at  rft 
viimnl  sppmiatJan  at,  719,'' 
tor;  apjiriwiatjim  of,  T3S. 
DiurctiFs,  i^tTwt  uf.  on  orinft  39S-4t 
Dinrtial  VnrintioD  of  jnilH,  335  ;  of  | 
itioii,  2JiS  ;  of  t«m|'«ort«i»,  40T,  | 
DWininf  Ro<t.  ralioiuOu  of,  411-6)4 
Doniaani  ld«i<.  lalliivura  of,  ik 
movHTicnt.  nil,  Gtd;  in  ilii 
nnl  of  thouglil,  ttSS,  9i» ; 
mind  in  Inanoilj,  (Idl-MI, 


IXntX    ur  BDBJBCTK. 


(mMw*.  SW,  01)6. 

Uii   Lyiag-ia   HoBpiUl,   miiutAlitjr    in, 

»ll.  SVi. 
XIriiik,  watiir  tbe  tutanl,  SO;  mUuvncCuf, 

no    u-mpudlioD    of    bliiod,     162,    IdS; 

affiiHa  of  Ak'uliolir^,  61,  i%  321. 
Iliifllcaa  Dluuta,   structure  of,    1'25-133; 

riiuni'ius  uT,  133-137. 
Diwtu.  ArWriiBoa,  HS3.  841. 

CmiPti.  SSS,  S10. 

Venuium  StO,  811. 

buTHtJuii,  rnlnlivp,  o( •lUIcreat  Ijuta  attiie 

Or^Iiuni.  316-318. 
Duty,  iiienof,  OSl-ii'S'i. 
Duvumcj-'B  DUD>la,  TS9  tuMe, 


B, 


br,  eztemal,  736;  inUma],  731-736; 
ft  Uiariivj,  Orgnu  uf. 

Euthj  FhcsphiltA,  iu  urine,  3US,  3S3. 

Ectopiii  Cordu,  cue  of,  326,  23U. 

BiLiipAliuri,  objeiH*  of,  G6IJ.  661, 

Bffereiit  oerTe-abnis,  431,  IIT,  ItB,  163. 

^^KolAtio  Semlnii,  793;  iUi  inilepeoileuDe 
of  uoutiou,  lUb,  l»2. 

Slutidtf  uf  Arterio.,  240 ;  uf  Ytiiiu,  264  ; 
of  LiuigB,  ad",  -2GS ;  of  wolln  uf  Cliivt, 
369. 

EIrctniin,  senis  of,  2^2. 

Eln-lrktln,  ETolutionofiulJTingboi];*,  121, 
126;  mnnei^lion  uf,  witlj  Biitritive  utid 
ucratorj  operatiouH,  126;  Hiuonliu' 
currtjit  iif,  4;^fi-428;  dLaturfuinte  uf,  iu 
mnscaliir mutraotlou,  428,  42l>;  NcrtunB 
current  "f,  429  -131 ;  Jisturbuncc  of,  in 
oerTous  iKtiou,  131,  132 ;  peculiw  cases 
of;  132,  133. 

InflusaM  of,  on   niagulaljon  of 

blood,  481;  on  ftclioD  of  betLTt,  S22; 
aa  uleriea,  23T :  oa  Die«ocephak,  30g ; 
ou  uorvc*  at  9|>eciiLl  seuM.  681. 

Kiwtro-BiolugiaJ  sUte,  620,  (125,  626. 

Builnyu,  develupuant  uf,  tue  Devtiopiacvt. 

Knibrjuuii!  life,  |KKnliHrilicn  uf,  904,  UO.'i. 

BmoIioruU  Actiuim,  5&3,  681 ;  tlieii  ninrcD 
in  the  Cerubrum,  A45;  tJitiir  ilUtiuoLne«a 
&0I1]  volitiunnl  sftioDK.  5S4.  £85;  Ibeir 
effect  i»  reJieriug  euiuti^iial  eidtemeut, 
686,  5S7. 

liuuiitj,  968,  668. 

Sangibilitjr,  666,  SflT,  572,  578; 

its  assodatiiin  with  Ideu,  oonalilDtiiii; 
BniatiuDB,  6^2,  583. 

Enntiimt,  nnture  uf,  632.  583;  etoiuttaii 
uf  by  uufl<]ulAr  diig^cvtiuTL,  04t5,  617; 
tbeir  dirwt  lu^tiuu  iu  |iroiiiuJng  move- 
Dent,  ■'i83,  584  ;  Uicir  oliuiiud  uf  n{iunk- 
tiou,  581,  686;  tlidr  jwlji-u  uu  unjuiic 
fnoftiui^  7T4>-781;  thi^ir  iuUuHui^'  itu 
ilitulloctuul  pruuctm.--^,  fi^(F ;  Lbtirbxj»uu- 
diluru  i»  liodiJ]'  diui^,  ii^l^  5S8  ;  ibi'ir 


iuflneure  kd  volitionnl  luuTttucnla,  £88, 
689;  tboir  aff^a^y ^Uf  iui»tlf««,  <131  ;  ibrli 
unruQit'iuus  Aftiuu,  LiUi'.  trtit ;  ll»<ur  ^di-' 
vQTted  iLcLiuD  in  luHtuitj,  *''-i\t  4ifl^;  in 
Hfslain,  602,  3(13 ;  iiidu«iiix  uf,  '>u 
BbuuuieHnit,  771. 

Bpencepliiilii!  Ve/letm,  SS3. 

BpencBpbiUoii,  ileielupnicut  uf,  833,  B63. 

Epidemic  Delations,  611, 

— DibHififla,    |trrJji<p<i^(ion    t".    in 

fitktcof  liloud,  Jll>,  211  ;  Tnuu  puIrtwiTt 
fuud.  1?^,  4U ;  from  jiuimL.'ont  halixr,  ^li; 
frum  »la)hi')ii-  liquors.  62;  fmui  kturvn- 
Ui>ii,  ill :  from  iUKuUideiit  leiipiiBliuii, 
3(W-31S. 

Rpilelmy,  lAtliitlog}  of,  073,  071. 

EpiUisUiLl  tiHuen,  iMnvintiuu  uid  repljwii- 
mentof,  320,  321,  H'i. 

Brectile  ti9Bui?ii,  citculjitiuu  in,  268,  260. 

Erect  Viaion,  cause  ut,  711, 

BaqDiuuiui  itace,  30U ;  prnuaidal  aknll  of, 
87S. 

BUiiopiaa  Bace,  89t~B90. 

European  Nitioni,  881^883. 

Bii>-tnriHn  LniignH^it,  S90. 

Euilduhiiui  Tube,  functinui  of,  733. 

Valve,  liBci  of.  810,  811, 

EirdlO'MnloT  Aolloua  iif  S;iiunl  A  UK,  1S3- 
438 ;  tlieir  iik4lp|Jvj>deui:L-  of  »tiHiti<^'n, 
1S1-1;^S  ;  (ioiir  iLilai^ljvi-  cliuracicr,  IHn  ; 
lliuir  fElntiun  (••  llu'  nfiumi"  fiiuulii^m^ 
43U,  190;  Ihoir  jiMiwiivii  I'lmtputier, 
1S0-11>2;  tbdr  sulmtrviFiu^  to  loi^uui(»- 
liun,    492—194 ;    tbeir  eeUibliJiluumit  bj 

lubit,  lei. 

BxoBEKOB,  geuenO  nnture  I't.  24-27 ; 
Bourcea  of  demand  f>ir.  21,  3fi]  ;  ittsticH 
i>f,  362-366;  i^uoiplcmeutnr)'  relation  of 
different  niod«s  of,  366,  360 ;  viniriuiii 
Unai  of,  350-368. 

Bxerciee,  iuducnce  g^  on  «iGrvtion  of  oor- 
boiiio  acid,  283,  280  ;  on  con^pu^ttion  of 
oriue,  388;  ou  teinperatnre  of  bud;, 
408. 

Exiialatiuuof  uqacoue  vstH>ur,  from  Luu^ 
303,  294;  ti'jui  Skiu,  101-1113;  friyon- 
fpug  aSbrt  <jf,  411,  412,  122,  423. 

BihsuBtiun,  Death  b;,  <3iutK!>  uf,  416,  021. 

Expectant  AticutJon,  uju  Atl«iitioU|  Ex- 
pectant. 

Eifjiratton,  uiuvBmeuta  of,  26fi  ;  furcw  re- 
quirod  for,  269,  270. 

ExtrantJve,  of  Blood,  158,  169;  of  Crinii, 
391. 

Kit«raa1it;r<  eleaieiitar)'  nutlon  of,  GOS. 

Eitni-uttriue  fnitnuun,  801.  818. 

BiudutiuuK.  ririnrntivv,  'i'M,  S36;  iiiB*m- 
inal<}ry.  313-346. 

Bxuvialioa  of  offotc  TitaiieB,  320,  321, 
326. 

U'jt,  optical  (tniuturc  of,  701-704 ;  ulapla- 

tioQ  of  tu  iKatiiuces,  703,  701 ;  nervous 

ofKaniicitii'ii  of,   boo  Rrliiia  ;    Hue  of  in 

Viuou,  MO  I'inun;  doielopinunt  of,  865. 
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Quwruui  guiglion,  469 ;  its  inflneoce  oa 

outriUoo,  783. 
UeUtin,  asea  of,  u  food,  36,  3T. 
UiBiRATioK,  geoenl  tmtare  of,  28;  provi- 
BiDQB  fur  iU  jiertonatact,  T86,  787. 
Action  of  Mall  in,  787-794 ;  itnicture 
uf  l«at«B,  787-789;  characters  of  semi- 
nal fluid,  789,  790;  nature  and  eyolu- 
tioQ  of  Spermaloma,  780,  791 ;  essen- 
tial   iiDportaace   of   Spermstinaa   in 
fecnndAtion,  TBI,  792,  806;  pabert;, 
epoch  of,  792;  sexual  desire,  629-531, 
792,  793  ;  coition,  793. 
Aetian  of  Female  in,  791-823;  stmctnre 
of  0mm,  794,  79fi;  evotution  of  ovum, 
795,  79e;p«riodofpubertj,  796,797; 
meDstriial  discharge,  797-799 ;  coinci- 
dent ovulation,  798,  799 )  duration  of 
procreating  period,  799;  her  functioD 
in  coition,    799,   800;  maturstian   of 
nvs,    800;  corpos  Inlenio,    800-803 ; 
fecnndalion  of  ovum,  804,  805 ;  con- 
sequeut  changes,  SOS,  306  ;  fiirmatiDn 
of  chorion,  806;  formation  of  decidos, 
807-809;  of  villi  of  chorion,  809-811; 
of  fietal  tufls,  811;  of  Placenta,  8tl- 
813;  changes  In   litems    during  ges- 
tation,   814,    815;    quickening,    815  ; 
parturition,  act  <'f,   816,  817;  period 
of,  817-822;  superfcEtation,  822,  823; 
nee     Ladalioti,     Mamjnarv    Glawi, 
Milk. 
Influence   of  Partnli  on  progeny,  824, 
625;  effects  of  near  relationship    of, 
825,  826;  influence  of  Male  on  subse- 
quent o^pring,  82G;  effects  of  state  of 
parents   at   time  of  conception,  826  ; 
subsequent  influence  of  Mather,  785, 
827;  influence  of  Ages  of  parents  on 
Sex  of  progeuj,  856. 
Embrgaiiic  JJertlopmeM,    sea  Develop- 
«uw  of  Rmbrjo. 
Generation,  Organs  of,  llieir  development, 

8*6-849. 
Uerminal  Capacity,  variation  of,  at  difiereut 
ages,  904,  905. 

Membrane,  832. 

Spot,  795. 

— Vesicle,   795  ;   its  disappearance 

after  fecundation,  805,  806, 
(teitation,  ordinary  term  of,  817,  818;  ab- 
breriated,  819,  820;  protracted,  831, 
822. 
Gland;  Aasimiiating,  of  Absorbent  System, 
117-121;  their  functions,  125;  of  San- 
guiferous system,  125-133;  their  func- 
tions, 133-137;double  character  of  Liver, 
369,  S70. 

Secreting,  essential  nature  of,  349, 

350. 
Gloui>- Pharyngeal  Xervc,  distribution  and 
^iDCtioDS  of,    473,   474  ;  its  iustrumen- 
latity  in  dagintition,  64,  65 ;  in  sense  of 
tute,  473,  474. 


Glottis,  regulation  of,  752,  757;  artificial, 
760,  761. 

Gorilla,  comporisoD  of,  wiUi  Man,  2-10. 

Graafian  vesicte,  794  ;  formation  of  ovum 
within,  795 ;  escape  of  ovum  from,  800, 
801;  subsequent  changes  in,  801-803. 

Granulation  of  wounds.  3S7-33B. 

Growth,  period  of,  906-917. 

—  a  source  of  demand  for  nutrition, 

314;  eioesa  and  deficiency  of,  31G;  its 
difference  from  development,  316;  for- 
mative activity  during  period  of,  90(>- 
917. 

Guiding  Sensations,  etwentiat  to  voluntary 
movemenla,  513-515;  their  influence  in 
ideo-motor  actions,  613 ;  see  Mvtctdar 
Serue. 

Ouflators  Ganglia,  497. 

Nenea,  473,  474,  502. 


H. 

Ilabitj  influence  of,  in  establishing  exdto- 
motor  actions,  493, 494  ;  on  sengori-motor 
actions,  511,  512;  on  intensity  of  seoaa- 
tions,  560,  561  ;  on  perceptions,   569- 
571;  on  succession  of  idea8,5Ul,  592,627, 
629-631;  on  impressions  on  sleeping  pei- 
BDns.  638-640;  on  amount  of  sleep  re- 
quired, 641 ;  'jn  co-ordination    of  mus- 
cular movements,  742, 
Hachisch,  effects  of,  614,  653,  654. 
Hicmurrhage,  predispositiou  to,  175. 
Hair,  characteis  of,  in  different  Haces,  876, 

877. 
Hailucinationa  of  Insanity,  661-604. 
Hand  of  Man,  peculiar  attributes  of,  1,  2. 
Harmony   of  Muscular   movements,    743— 

749, 
Healing  Processes,  different  forms  of,  334- 

339. 
Hearing,  physical  conditions  of,  727-731. 
Ot^n  of,  its  essential  structure,  723 ;  its 
adaptation  («  laws  of  propagation  of 
sounds,  729-731 ;  structure  and  func- 
tions of  tympanic  apparatus,  731-734 ; 
of  labyrinth,  734-736 ;  of  external  uar 
and  meatus,  736. 
Sense  of,  737-739;  discrimination  of  pil«h 
oflooea,  736,   737,   739;  estimate  of 
direction  of  sounds,   735,    733;    esti- 
mate  of  distanoe,   733 ;    influence  of 
habitual  attention  on  acuteuess  of,  738, 
739 ;  rapidity  of  perception  by,  com- 
pared with  vision,  739;  nse  of,  in  regu- 
lating voice,  614,  739. 
Heart,  irritability  of,  219,  220  ;  rh>-thmlcal 
movemeats  of,  220;  their  source,  221- 
225 ;    influence   of    nerves    u|>«n,    221- 
223 ;    disturbance   of,    by    attention    to 
them,  776;  successive  actions  of,   225- 
227  ;  course  of  blood  thiuuKli,  227 ;  dif- 
ference of  two  sides  uf,  228 ;  sounds  of. 
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3iU-SSl ;  nie  sik!  fiiT<«  of  iiTDpulsiaD  of 
lil'nnl  bj,  2^1-J^S-,  numbrrof  puliatiatu 
iif,  ■J35-23fi:  fifFl  -kvolDiiiBml  of,  885; 
■alwHiiifnt  ehivnge^  in,  ^'i».  HI, 

Urat,  iDBoeoceiif,  I'U  Vila!  Artioii,  405,108; 
iin  |ieri»J  of  ^lutiuii.  SIT;  enilunuiw 
iif  eilreimw  uf,  i!0-113;  Ua  [irwlu.'tion 
lu  Ilumikn  l«Hly,  400,  #'nrr««  vt  viu-ia- 
tiiD  i>f,  4<JT-4UU;  nllcniliuiiF  of,  in  ilit- 
Hw>,  41111,  410;  liljecniion  uf,  uttsr  ileatll. 
410;  nurneoof,  412-414,  41(1;  Inu  of, 
the  oravt  nf  dutli  \ij  atarYa^m  mnd  en- 
tULiuting  dlMHaea,  413-41A;  partial  ile- 
p«llilMt<iB  oft  1HJ  cota&poDft  Tev(iinitiiffi, 
41S,  411 :  influent*  of  ocmmii  tijitaai 
on,  417-419;  inferior  [>■■»■«  irf  (ene- 
int>ii£.  il  cnrlieiL  uid  Inltuit  periods  of 
life.  41U-4-i3.  Vn  note:  redacliuii  of,  hy 
DVii|H>ial.ii>n  from  sttenui  nirtaM,  423, 
433. 

Buighi,  nt  iliffvreiit  agiei,  SSS. 

Hepntir;  AtWry.  3«l.  S12. 

Cellfl,305;JegciierBliDnof,  3C8,3e&. 

—  DuOT,  383,  sei. 

Pnrvaphymn,  arnuigeiDeDl  of,  3C3, 

3fi4  ;  DBtim-  of,  a6»,  3T0. 

'  Vfiu,  3<11-3S3;  blo»l  of,  iMiillHIrcd 


wiih  i-irtnl,  i;o-IT2. 
Iicrl)iror^>wK  snlmAlfe,  ru^iiAtian  nf,  285; 

rui'tvlii.utiaf,  S63-364. 
Ucn^itiibry  TrvianiiaHicFn  of  iwyi^liacAl  aha' 

iHBltr,  S8i!;  <.f  mnlailies,  834-828. 
Hi-niinp'ir.>.1isi«,  hi\  84C. 
Hrl*nilnK"iiB  BTDWIlis,  348. 
Hti^oupn  not  of.  277. 

liiutluHlAQ,  lun^ungf^ti  nTid  pvo|klc  of,  S94. 
Hjjipuric  Aoid,  itn  pntcnoo  Id  tho  Blood, 

15B,  200;  in  Urine.  SW), 
IliHUigHDL'lJD  Tdno  of  diffvcnt  Ktticla  of 

foud,  38. 
DomioJdBl  IlUbnJQr,  859  noW. 
Hotventot  B««,  897,  8S8, 
Hflirid  BiKoa,  quMtioD  uf  fertility  of,  88fi. 
li^lmiln,  inBlteiw«i)f  pwrntion,  S23. 
EIiiii^cT,  indicMeanooevDt}:  fjr  aiimvut,  21, 

44  ;  imnittliatc  boufw  uf  neuW!  of,  S&,  64. 
fly*ipffti!H,    olIPiitiAtiun    uf,    bj  reB|iiral'iry 

|,riMit«^,  2\H  ;  l»y  otUt^r  uxcreliona,  36*2 ; 

rt^apirntiim  in,  2\*'2,  'i\^'\ , 
nyiLniphDliia,  pHtbuli,^  of,  67S. 
Hjiwrtropiij,  Slf>,  S2il;  coudilians  of,  327, 

328 ;  ahowTi  in  produfftiini  of  tumoorTt. 

328,  329;  in  nuiwrnuiuGrsry  {mrtc,  329. 
Hypuoli«n,  14  5- ((4  7. 
lljf>ottiondriaai«.  opetmtioQ  tti,  TS5. 
UypignsLrio  pleiai  of  SjiDMithetic,   TT2, 

773. 
Hn»>P^iu,  848,  840. 
Hn»El«Bl  f  «rvo.  "7,  478. 
Hjit^ik,  i-mutiunal  {•Bcvenata  in,  8A3, 80 ; 

wnTul^tvv  phcuunivrift  of.  877,  ilTB;  n- 

allsd    icnaihiUty    in,    88S;    remukaUe 

ma  of,  877  note, 
njtbniiM  l«-hnri^  36B,  857. 


Ii^laiiili'r^  freedom  isf,   from   iqli 
42,  4S;  ltsbUJtj.>r,  to  (jmoliai 
aiXI,  311. 

lilmi,  fbnoslion  of,  fi74,  573 ;  inll 

UntraDgeou.  S75,  578;  inlcUci-tusl,  STl 
57V ;  iheir  BncmBian,  dateTDinins  imafl 
of.  590-593;  aanuliaii  <<  S»S-Slrf 
GuniaB  of  inlfUwtnal  faaullit*  so.  119^ 
6U7 (tee IiUtUf dual  PafuUin\i  iiilliu^ 
of  attention  in  iulauiffing,  iV^  ^  j 
nance  of,  Ke  Dominanl  lilcu. 

Mmlifioltian,  51*5 ;  diaoovsie*  nt,  i 

Id*it-ilUor  Aetiima,  8lf>  S18; 
rideted  u  ndu  lu-tiuitii  eif 
610;  tltflespTHAiiiiua  E,f  iLjiniitftfAi 
611,  612;  phim^led  bj  «KpvctMU  J 
bon,  611-61 S. 

IdiocT,  predominann  of  iuHtinrt  in.  511 
renmrkahU  QMffW  it£,  ]1>  n<j<F,  5aT 
636  woK;  anwa  of,  QV^  821,  63 

□liuiaiui,  apMtnl,  871,  672. 

ImaginBtJoB,  605.  806, 

Imiliition,  tendoDi-y  to.  660  Holt. 

ImpnluTQ  InBnilj.  6S1I. 

luaniiiaa.  Mo  StamiiM. 

Inoiniinanes  of  Oriin,  67S. 

InnvBH,  9R  Orovih. 

liuhbL,  ]iit[iul£ttiun  and  lanenBfM  n^  SM.  I 

IniloEuixip«in  nice,  SSB-8U1.  j 

IliclniTliLiIi,  prm-ese  uf,  fil>5,  69(1. 

Iufnni7,  i-ijanu'leristii'a  nf,  ClIT'Mt.  | 

Infauta,  Ivmpfrstan  of,  107 ;  iafciH 
ivwer  uf  frntrsliug  h(«t  in,  42l>-t£l 
leagth  and  velglil  (^  at  birth,  8ST.       J 

/•tlbnuMiUian,  iofriBUB  of  Gtoin  of  bM 
in,  173:  k  pnrolcd  form  of  nntlWl 
promn,  339 ;  its  relatiou  to  fa  jp(nrD|il| 
uid  atrophj,  340;  mamca  ct.  itO,  Ml 
pbcDomeUB  (if.  311-313;  ot*!*  id 
in,  343 :  charactcrinic  cAiaiiB*  ot,  1 
348;  nnheolthy  fonna  tt,  S4I, 
effocli  of,  in  tulietcnlar  inlijoeta,  344. 

InflnmuiBtory  elhiaaii^  diflcmat  < 
uf,  197,  19S,  341-340. 

IniTganii!  Cnnatitoenta of  Blmd,  159; 
Dr«^B,  200,  -101 :  of  Urino,  381.SM.     I 

LmaliTBtiiiQ,  73-77.  I 

]aniiii<i,  ita  Diton  and  miw,  9tit,  V\ 
iliitaibano    of  lutsUwtaal  pn«m   ' 
SAS ;    KmotioDjJ  diatiutKOoi   in, 
flill ;  Idcaiionkl  diiatda  of,  «5).  ~ 

laBniM.  aabiaiatie  HlHti*  «f,  13*-  . 

luKpiniti^D.  mrTemsnti  of,  ^SS,  S69; . 
fqulnsl  for,  280,  370:  cmm  ((  1 
2-,'l.  273. 

Instinct,  oontmstfil  iritli  Emsu>,  4X7-4) 

IntelltHiial  /'ori.JriVi,  natiire  of.t. 
Airtomntic  nrtion  of,  fiiM)  51ji,  Jfl 
807;   Volitional  direction  uL  , 
690.591.  69(..  604-WT;' 
tino  In  AaocialiinL  r 
Wiuda  of,  60a.«Qs, 
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Intelligance,  luttnre  of,  u  oppoasd  to  In- 
atioct,  439-141 ;  degree  of,  «>iifoniiable 
to  aiie  uitl  development  of  Cecsbnun, 
639-542. 

lDtC8tiii&l  Ouial,  mOTementB  of,  TO,  Tl  ; 
inflnence  of  Sympathetic  nerves  OD,  71 ; 
iadneace  of  mental  atatea  on,  7T6;  de- 
velopment of,  S33,  S42. 

Juice,  98, 9E>i  ilaiue  in  cligeation, 

U9,  100. 


-  Secretions,  ioflnence  of  Dervoos 
■jileni  on,  TT9. 

IntroipectJon,  600. 

InliiUiim,  iU  telstion  to  Ferception,  GSS; 
ita  manifeatatioD  in  usthetic  sense,  5T1 ; 
in  moml  Kose,  67 1 ;  in  emotional  aenae, 
572,  573 ;  in  appreheoaion  of  truth,  573, 
574. 

InlnitiTe  perceptiona,  GSS,  £69. 

Involnutarf  Movementa,  740-742 ;  influ- 
ence of  Sympathetic  on,  775,  7TS. 

Iria,  atractnre  of,  709;  moTEmecta  of,  see 
Pupil. 

Imdiation  of  imprenionB  on  retina,  724. 

tmtabilitj  of  Heart,  21B,  220;  of  Arteries, 
236,  237. 


J. 


Jacob's   Hembnne,    stmctare    of,    706- 

708. 
Jknnilioe,  ordinary,  from  re-absorption  of 

bile,  358;  mors  severe  form  of,  dependent 

en  uon -elimination  of  bile,  373. 
Jewish  Pem&loi,  period  of  conception  in, 

301  note. 

'  KktioD,  8S2;  nnsdooiBptexioiiDf, 


87fi. 


K. 


Eaffre  Bmb,  8»S,  S97. 

Kangaroo,  nuunmary  ftetna  of,  61  notf. 

Kidxey,  strueture  of,  376-383;  tabnli 
nriniferi  of,  377 ;  circulation  in,  379, 
880;  Corpor*  Malpighiana  of,  37»-3ISl ; 
secreting  oella  of,  377,  37ii ;  development 
of,  846,  846 ;  pathological  changes  in, 
382,  383  :  elimination  of  water  by,  38j ; 
of  soluble  mattors  genemlly,  396,  397 ; 
secreting  action  of,  381 ;  excretory  func- 
tion of,  381-400;  (see  Vritu). 

KuiTschee,  eholen  at,  303,  304. 


Ubyrinth  of  Bar,  fonetions  of,  734-736. 
lAchrymal  secretion,  inflnencc  of  menlol 

states  on,  778. 
Lai*aXU>n,  864,  865;  change  of  quality  of 

milk    in   conrse   of,    868,    869 ;    extra- 

ordiuaiy  inolongatioD  of,  869 ;  by  males, 

86S. 


LaCtealM,  origin  of,  In  villi,  105,  106;  ab- 
sorption by,  107,  108;  Klandnluof;  119- 
121 ;  contents  of,  see  Chyle. 
Laminee  dorsales,  832,  83:1. 
Landau,  cSects  of  siege  of^  827. 
Language,    the   eipresaion   of  ideas,   673, 

575,  576  ;  Iqm  of  memory  for,  601. 
Laagaaga  of  different  races,  essential  con- 
formity in,  887,   888;  American,  888, 
890;      IJuehman,     H98;     Celtic,      890; 
Euekarian,    890;    Hindoo,    803,   894; 
Hottentot^    897;    Indo-Germanic,    800; 
Kaffre,    897;    Malayo- Polynesian,   900; 
Kegro,  895,    896;    Negrito,    901,    902; 
SanskritJc,  890;   Seriform,  893;   Syro- 
Arsbton,  801,  892;  TuDuUan,  893,  S94. 
Lanugo  of  foetus,  203, 
Lapps,  Race  of,  893. 
LoryngiBDins  atridutos,  678,  679. 
Larynx,  rtmctnre  of,  763-756;  mnscniar 
actions  of,  766-758;  precise  ailjustmcnt 
of,    762 ;    their   dependence   on  guiding 
Bensations,   514,   618,  7ft*,  765 ;  nerves 
of,  274,  276,  476-477  ;Bpaaniodicclosare 
of,  6TS,  679 ;  prodnction  of  sunnds  by, 
768-764 ;  theoiT  of  the  voice,  766-763 ; 
falsetto  notes,  763,  764. 
Laughing,  act  of,  277. 
Leail,  poisoning  of  water  by,  60 ;  cnmnlA- 

tive  action  of,  207. 
Leaf,  fall  of,  IS,  318  note. 
Lenoocythemio,  176,  177. 
Life,  of  an  Orgaiusm,  14 ;  of  the  Blood,  181, 

191,  205,  216. 
Light,  evolution  of,  from  living  body,  423, 

424. 
Lightning,  death  by,  effect  of  on  blood,  1B4. 
Limbs,  natore  anil   development  of^    851 ; 
attempted  reprodnction  of,  in  fmtui,  333. 
Limits  of  Vision,  706. 
Liquor  Amnii,  837. 

9angninia,  141;  composition  of,  145. 

Lithic  add,  see  Crie  acid. 
Liver,  structure  o^  369-370 ;  general  plan 
of,  in  lower  animals,  369,  360;  in 
Man,  360,  369,  370 ;  arrangement  of 
blood-vesaels  in,  S61~363i  biliaiy 
dncts  in,  363 ;  parenchyma  of,  9iZ, 
364;  component  cells  of,  366;  deve- 
lopment of,  843,  844 ;  pstiiulogicol 
changes  in  366-968 ;  double  function 
of,  370. 
Asnmilating  action  of,  lift,  117,  170, 
171,  375,  376;  prodnction  of  fat  by, 
117,  171,  360,  375;  pmluction  of 
sugar  by,  117,  171,  3tt5,  375;  in- 
ftnenee  of  leaion  of  medulla  oblongata 
on,  397  note;  of  red  corpuscles  by, 
117,  162;  SHsimilstiun  of  albumen  and 
fibrin  by,  116, 117, 171 ;  subservience 
of,  to  reapiiatury  function,  376. 
Bxcretory  acUon  of,  25,  26,  370 ;  in 
fi£tua,  374;  furmationof  bileby,  370- 
376;  (KeBOe.) 
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Antonutic  ftctiTitj  ut,  S53,  SS-l,  5U0, 
60*-e07. 

Bniutiunal  acUvitj  uf,  BBl-SSO,  77«- 
781  (see  fmo/iuiu). 

Iijeiitioii&l  MtiTit;  of,  674-G8I  (nee 
Idias). 

lileo-iljiuiDic  actiTitj  of,  SlO-fllB,  776, 
784-78fl  (Bee  Idto-MoloT  acliont,  and 
Bs-ptrtiiiit  AttenliiHi). 

Icitcllectiul  tutiritj  af,  E93-S06  (see 
iHldUftaai  FtKtdHa). 

tntuitional  utivity  OC,  G6T-ST1  (see 
/ndid'oit). 

FerceptioDAl  aetirity  of,  iS6T-G71  (aee 
PrrctplioHt). 

SemtiiHul  BctiyitT  of,  £50-667  (we 
SetuatioJu). 

Tulitiunal  direcUoa  of,   GM,  55S,  590, 

GBl,  601-607,  821-633  (MB  Volilion). 

Model  Lodgiiig-fioaBe*,  uuiUij  state  of, 

SOB. 
Modelling  proce«,  335,  336;  meanaof  pro- 
moting, 336,  S3T. 
Muleculnr  Dwth,  922-026. 
Mon^liau  Kace,  892,  893;  in  Europe,  890; 

m  India,  891. 
Morromaaia,  659-662. 
MoDBtrusitieB,  by  eieess,   32T,  320;  bj  in- 

elnuon,  32B,  330;  bj  aireat  of  derelop- 

meot,  316,  83S,  812,  8tS,  319,  853. 
Moral  Insanitj.  658,  S50. 

Sense,  671,  572,  679-681. 

Morbid  PoiBona,  aee  Foitoiu,  Morbid. 
MortalilT,  preientible,  of  England,  813. 
-■■^^'^  TQlatiTe,   at  different  periodfl  of 

the  jov,    421,   122,   021  nolt;   at  dif- 
ferent agei,  868,  921  rnHr. 
Motber,   influence  of  niental  Btale*  of,  on 

fiBtDB,  785,  827)  on  mammsr;  Becretion, 

78U-782. 
Motilitj  of  heart,  22S. 
MotiTea,  influence  of^  629;  piincipol  orden 

of,  629-^32. 
Motor  Nerrn,  lairs  of  tranBmiBHion  through, 

150,  451;  aee  ^trmt  Nrrre-Jibm. 
Tract  of  Medulla  Oblongata,   167, 

168. 
Mortmeitii,  MnBcnhir,  voluntar;  and  ioTO- 

lDntM7,   710-742;    gronping  of,   712; 

^mmetrj   and  harmonj   of,    743-719; 

energy  and  rapiditj  of,  750-752;  precise 

ailjuetiaeiit  o^  TG2 ;  see  Msitcular  Sense. 
Macoui  layer  of  Qemunal  membrane,  832, 

833. 
Hnle,  ehatacteraof,  823;  eterility  of,  835 

iia/r. 
Mowlei,  limited  lenn  of  life  of,  313;  dsge- 

oeration  of,   321;  hypertroph;  of,   327, 

S28;  atn.phyof,  331,  332;  electric  cur- 
rent in,  126-128. 
Moacahu'  Apparatus  of  Organic  Life,  711, 

742;  of  Animal  Life,  741,  742;  Tolun- 

larj  and  iavolDDUrjactioDB  of,  741,712; 

Bee  MmemtHli. 


Muscular  Sense,  512,  613;  iU  participa- 
tion in  voluntary  moiemente,  511,  615; 
its  eioltatioD  in  Samiiaoibuliam,  SIG, 
647. 

SoggaiUon,  its  influence  in  Som- 

nnmbulisra,  646,  617. 

Tenaion,    inflaeBce  of  Spiaul  Cord 

on,  491-496. 

Myopia,  704. 

N. 

Katy,  diet-scale  of,  45,  46, 

Hecnemia,  death  by,  180,  926. 

Negrito  Raoe,  901,  902. 

Negro,  change  of  eolour  in,  875  nott. 

Negro  Races,  colour  of,  871,  875 ;  hair  of, 
876;  skull  of,  877,  878;  nio<lificnUiin  of 
its  form  by  civilization,  880;  pelvis  of, 
881 ;  geographical  range  and  varietieB  uf, 
891-896. 

Nerve-force,  lavs  of  traDBmisaion  of,  449- 
461. 

Nervee,  electric  current  in,  429-432. 

Kebfodb  SvariH,  general  functions  of,  29- 
31;  inflaenceof,  on  Animal  Heat,  417, 
118;  general  arrangement  of,  133- 
437;  automatic  character  of,  in  Inver- 
tebrata,  437-439;  diBtingulalied  in 
VertebraU  bj  CarGbrum,  and  minister- 
ing  to  Intelligence,  139-411. 
Ccrrbro-Spinul  system,  principal  divi- 
KODBuf,  32-31,111-117;  Cranio-Spinal 
AiiB,  441,412;  Sensory Gangha,  142, 
413;  Cerebral  Hemispheres,  113,  411 ; 
Cerebellum,  444  ;  general  course  uf  ac- 
tion of,  143-446;  reflex  operations  of 
Beparate  parts,  444-146;  BuburJiiMtioa 
of  these  to  the  Will,  115,  446 ;  rela- 
tiouB  of,  to  Sympathetic  fyetem,  416, 
447;  influence  of,  on  Animal  Heat, 
117-119;  on  Organic  functiona,  776- 
786,  (See  CmbtU-im,  Certbrum,  Me- 
dulla Oblonyata,  Semirty  (iangtia, 
Spinal  Cord,  ContrioiiinrM,  EmolioHi, 
E^eito-motor  Aelirma,  hleo-moior  Ac' 
liant,  InlcHeeluat  FwcuUia,  Rrfitj 
Actiom,  Srwri-nolor  AaioHi,  Voli- 
lionat  AtiiOBt.) 
Sgmpalhetie  System,  general  structure 
of,  772-776;  Cerebro-Spinalfibrea  in, 
446,  117,  773;  tlieir  instrumentality 
in  BensaCionond  muscular  cuntracUoa, 
776;  action  of,  on  intestinal  canal,  71 ; 
on  heart,  223;  on  bluud-vesselH,  238  ; 
on  utems,  TT4,  816;  on  iria,  709; 
Proper  fibres  of,  773;  their  prohable 
fnnctiona,  777;  influence  of,  on  Secre- 
tion, 778,  779;  on  Nutrition,  783;  dd 
Animal  Heat,  418. 
T-mtila,  endusnientB  of,  417-455;  affe- 
rent and  efferent,  447,  446;  uw  of 
plexuses  of,  418,  419;  laws  of  trans- 
miasionin,  449-451;  luudes  uf  ileter- 


^^^^B                                                INDEX   OF 

SDBJEcre.                                 H5          ^H 

^^K  FsntBtoKe  of  komtj  impn»aloD),  gtiitk- 

PnH«ict.'j>halli:  Vertebra,  8S2,  8S3.                           ^H 

^H      tin^  601  ;  olfiU'tiTe,  699,  TOO;  Tina), 

FroaeDRepbAlon,  lieivlopmeut  of,  833,  8S4.                  ^^H 

^H       7ai,  '2*2;  audilory.  T'JT. 

Fronlatc  Gluid,  function  of,  TSO.                                   ^^H 

^^^LTvr^uraliun,  @cc  ^ifff<<rf/faivu#  Ercrvtion. 

Prolirai'ted  Ueslatian,  821,  »-22.                                     ^^M 

^^^■ApMnuIEqiutUou  uf  A£tr«iiiDiiuca]  ol«erTvtr9» 

Fiijcholo^,  Saieiu^e  of.  ila  ohjirL'ta,  GIT.                       ^^H 

^K^. 

rsjcUical  action,  ivrTutalion  of  wilh  I'bTHO-                 ^^H 

^^^hjirian  gluxlulie,  nruclure  uicl  relataoDB 

logical  iLotion,  SIS,  li!iS-li5S  ;  net  Mmii.                  ^^H 

1            of,  IIT,  lis. 

Ptyallu.  75,  77.                                                         ^H 

^^  FhoBphklM,   Alkaliue,  in  btiioil,  2l)U;  in 

Puberty,  the  charaKlfrisiie  of  VouUi,  flit;               ^^H 

^H      Driua,  3V2-3D1, 

in   taiiaiv,   THfl,   707;   In   tDalg,   TBS;               ^H 

^^^ ,  Karthjr,  in  urino.  392,  MS. 

■liaaaaa  o^  9IT.                                                             ^^| 

FucrpemI  Peror,   prsdlapoaitig  caniee  of,               ^^H 

^^B  rhoa|<b«nu,  elliaiualiiiD  of.  Iiji  linntli,  )iU5, 

^H 

^H       4^1;  l>y  iinno,  ;WI,  4114. 

rul»,  Arteriiil,  3 4 0-34 3  ;  rule  i,!,    niidur                 ^H 

^^H   ]'lLijpifthut^Hc«iiOf!  of  living  Utdy,  4'2'i,  4*2i. 

Jll1»ciit  >:uudit)iiuH,    2U3-2:iS;    |>^iJ•■lr•                 ^^H 

^^H  |'hrf:Eiukih'ii^riJ«loolrLn«,  of  UereLielliiuj,  5-5- 

tiiiu  of,  to  naijiinilury  niorenioutJi,  270,          ^^^^H 

^H        ri»l):  of  Ofit'btuiu,  Ml,  film. 

^^H 

^^B  fiUh  »tS<>iuidii.  fcpt'teaialiuit  of,  7S6. 

,  Kaqiiratory,  255,  366.                              ^^^M 

^^^^— -  or  Vuici!,  re^ilaliuii  uT,  T55-T62, 

— — ,  Vmisiu,  229.                                              ^^^B 

^^^piuantii,    funiiHttuii   »(  fii^lal    iwrljuti   or. 

Pupil,  Bvlioo  of.  l!il,  601),  703,  709  ;  rala-                 ^H 

^^V^  M9-811;  uf  DiAUmsll-uniuD,  Sll-61il. 

tiun  of,  (o  Third  Pait,  470   fluff,  472;                 ^^M 

^H  riiu'enUt  maniiar,  H13,  611. 

tv  3yiapath<^tii<,  709.                                                    ^^H 

^^H  pHfiittioyurrir  Nfrt'r,  i^acm]  ■liBtriLmtion 

Fnrpnra,  Pt.'tlo  of  b1oo<l  in,  176,  176.                            ^^^| 

^^^       Kuil  riiiliimamlM  ol,  471—476  ;  ita  uMm- 

Pub,    fonuntioo   and    ohanwtifn    of,    339,                 ^^H 

^^H      meaUiity   in    clojtutiiiaiL,   til.   OS ;    in 

31Q ;    inducDce    al,    on    coa^alation   ^it                 ^^H 

^^M      hnugtr  nod  )»ti«t}',  £3  iw^e .-  tU  infloence 

bIrKjd,  1S3.                                                                      ^H 

^^M       oil  Kcretitin  of  gnalnc  Suid,  tiU-  Sil.  T77- 

PuCrescent  Food,  injariou»aiuai!<iu«u««  of,                  ^^H 

^r       T7tl ;  tin  niuceiaeiiU  of  etflUiiu-li,  118  ;  u a 

48,10;  Water,  liijurioua  elTei^U  of,  £0.                      ^H 

muTemeaU  •.■(  heart,  232;  ita  aatinD  aa 

Pyramidal  Skull,  878-881.                                              ^H 

AEcitor  uf  n«piiaticiji,  £73;  ila  influence 

fyiamjda  of  Mnlulla  UhluugaU,  autcriur,           ^^^^| 

en  Inryiii,  27.'!,  376,  476,176. 

46* ;  poMerior,  405.                                       ^^^M 

Fointeraiid  @«tter.  pet-nliiulirHxIiiiRof,  Mi. 

^^^^H 

Poiiont,    mode   al  adjon   of,   2M ;    Ibeir 

^^^^^M 

panage  into  tLa  (;ircnlatikjn,   231-233; 

^^M 

^_         eliminatiun   of,    from    blood;    206-209, 

^B      210,  317. 

Qiiiidrumaua,  mmpariaon  of,    with  Han,                 ^^H 

^^H  Murbid,  tbeir  anb»itanttTe  exiKtence, 

^^M 

^^M      S09, 2)0;  sume  geoeritnl  within  the  ^b- 

Quagga,  traumnisaion  of  niarke  uf,  8SG.               ^^^^^| 

^^P      teui,  21 '2,  213;  symotii;,  2111;  preOiKposi- 

l^iuiikening,  act  uf,  815.                                     ^^^^^| 

^^         tion  to  thor  aotirilj,   210,   211;  courte 

^^^^^M 

f              of  iHlion   ol,    213,    214;    aJterutiun    of 

^^^^^M 

^^        blood  by,  211,  216;  Pcooreij  of  blood 

^^H 

^K       from,  216,  217. 

^^^^^1 

^y  PoljDEsLuu  Ba<u.90O'9O2. 

Ruea,  oripnation  of  new,  S3S,  SS4,                  ^^^^^| 

^^     Portal  Vein,  blooil  ■jf,  1  tifl ;  rompnriaon  of. 

Ham  of  Mankind,  American,  889  ;  Arian           ^^^^^| 

vith   b!uoil    of  hepatio    vt^in,    1711  17;!; 

or    lnJo-Run>|>E«n,     8811-891 :    lt«cher,                  ^^| 

iU  diatriliutjnii  in  laver,  3UI.  HN2. 

SU2;   Buabmau,    8'j8;   Caanuiiui,  888,                  ^H 

Piius  \  uri'lii,  eSecta  al  MCltoti  xf,  5(13. 

SS1>:    Celtic,    81)0.    HimUiHlaijJc.    8f3,                  ^^| 

Putuali,  its  predaminaace  ia  roil  eorpuactes 

894;  Holtcutat,  tiV~,  SU8 ;   Kaffrc,   890,                  ^H 

and  in  maacle,  146;  effect  iA,  on  nrine. 

697;    MoDgolian,    69-2,    Sii8;    Mahyo-               ^H 

aw. 

Puljneaiaa,      900;      N'«gi^     &^i-SW;                 ^H 

Potturiei  (Kensington),   murialil;  at,  SOS, 

Oceanic,  900-0U2;  Pelagian -Kegio,  901,                  ^H 

300. 

002 ;  derifurm,  693  ;  eyru-Anhian,  691                   ^H 

Frt^fuancj,  Btai«  of  IJood  in,  l74;  sigEuuf, 

^H 

611,  ai5;  «««  Gestation. 

Bapi'lity  of  Muacclar  miiTeuif-'iit^,  751,  762.                  ^^H 

FrcbeuaiiiD  of  fwl,  moremaDla  ij,  00,  61, 

Eattle-Biiabfi,    pd»9n    of,    otcrction    aft4!r           ^^^^^^ 

PrtabjoplEi,  704. 

death.  923                                                      ^^^H 

I'nnrire    of   Blood,    tn    hinrt,   SS3;    ia 

EeMoning.  [irocewea  uf,  603,  (t04.                        ^^^^^| 

arleries.  212,  243;  in  tdna,  2GT. 

Ecoiptwation  of  xinarrius  tilinitiiiua,  T3D;           ^^^^H 

PriniitiTO  Tra.-f.  833. 

by  msmbruia  tympimi,  732.                                       ^^H 

Pciaons.  di^-fi^ale  of,  46 ;  tee  Gaala, 

BcBoUBOtion,  602,  603.  007,  d08.                       ^^^M 

Pwgnathoiit  Skull,  877-881. 

Red  CoTpaaclcs,  sec  Uloud.                                      ^^^^^| 

Pn^tiiiu  of  objevla,  vimal  apprectalinn  ol^ 

Beeda,  ribratini:,  kiwa  of,  169,  760.           ^^^^^^| 

^t       713-716. 

Belltcliut,  maoUl  proc«B  al,  600.            ^^^^^^^H 

riiDix  or  R(;njKirre. 
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HS2-,  variant  luri<la of,  183.  ilS4;  ci.'lUi- 
IDtfnl  ut,  tj  DJc'^citv,   UU4  ;  hy  utivliu- 

Sriuu'r'oiM,  origin  Fif  all  niental  iu.-liritj  in, 
GA'l.  .l.'iT  ;  llirir  iti^t  id  S«iiiu;ry  'Innglln, 
r.OS.  6n4  ;  ftgistmliipii  r.f,  S57,  SS8  ;  lii- 
llnMi-e  cif  Atieiitiipti  ini,  SoS-fiaO;  iuflu- 
oniv  i^r  llklilt  nil,  sail,  AS] ;  aubjwiice 
'nigiii  (pf.  Jj'ly  Bdrt  ;  feelings  ppf  piun  luid 
|iliNb«t]rLP  <^ui]ikx'(«pL  wilK.  5tl,  5'L2;  athtt 
fwiiu^f  rv4»i>'^jp|b^l  taLt-Ilt   &li4^.  &*\7- 

Boom  1.1  lily,  grin  ml,  ii^lFiLive  deintus  uf,  la 
diflVreul  lams  "1"  l-i.ly,  iisl,  dfl:;. 

,  lai-t-ijf,  lelutiT*,  of  ililTerenliittrW 

uf-kin,  SS7. 

Sitnim-Hioinr  jlrtioju,  S3;  ihtSr  pxirroi- 
|»>liiftlip:i^  t^it]J  tbe  IniiLiuL'tlvti  of  loV^ 
liIiilu,lU,  33.  437,  4^S;  Uinir  liipk)ian- 
iltiLi^  uf  the-  C^raliruih,  .')UM-£1 1 ;  Clmir 
Lstktili'iliiaeat  by  liabir,  fill,  512;  tliult 
preiloutiDUDK  io  iFijitev  of  flUif|ruutopt 
CtpDliHil  ac[JTilj-,  ttrtrt  H70. 
IfiminpHiini,  iu  ajiivial  Dent  is  the  SsDBorjr 
'      i.rai.i;lii,  503.  504,  B45,  648. 

Stavrif  W'ln^jli'i,  gcMf-ml  structure  atiA  rc- 
Intimii  ipf.  44'2.  llFil-498;  tliuir  nervM, 
4!ih-5l)M  ;  Uieir  n'lnlive  pivbpiuiniuie*  in 
luwrr  iiuiin:i1§,  437,  442,  44^;  Ibe  pr^- 
Iwlile  aiait  "f  SuiHtlinii  Pit  eiltrnul  im- 
IirrwiiPin,  Sij:t,  .1114  {iu.v  Serunfivnj ;  iils" 
for  l'c>tiihmi  ciiimiKPK,  54.i,  .'i4U  ;  rvflL'! 
fumliims  uf,  ,^u;'-51J  imu .Snijori-mn/Kr 
Actiiioa) ',  theitynrijnpnli-^Diii  voluntjiry 
■ftiipus,  5i2-510i  iiick'pt'mlont  optiiily 
of,  tl(I(I-07U;  iJiitboloKioil  rolntiumi  uf, 
rtT0-n74. 

SeitBiiry  Hsrrca,  live  of  tnninaisaioa 
UiiMugb,  449,  450 ;  aee  AfTerenl  Nervc- 
liliri'S. 

Seusorj  Tmit  of  M«liai»  tlblonciU,  4B7, 
46S. 

Serifunu  Race,  SB3. 

Scraua  Uysr  of  Genuinul  niambtiinc.  832. 

SutuUii  offssiuDi  of  lulliimuintiuii,  343. 

Seroui,  141,  142.  183;  pni-inion  i.f,  to 
enHamentuin.  189;  tninnuihtMu  ol'.  S4^. 

Setter  uiil  I'ipiiitvr.  ipeculuubreudiiijjpjf,  924. 

Seniulli  P:uf  .pf  SerVEn,  472,  t"8, 

iicrfi,  pnpj<pFrtion)il  uumber  itf,  850;  cLif' 
f^reitoe?  in  geueml  Juvi^b^pment  of,  K.'>7, 
859  ;  in  vi^kbility,  85<i ;  in  eonipoiiitiipn  uf 
bloMi,  llil ;  iu  |julitc,  234  ;  b  rcstiirntiuii, 
2ST  ;  ill  p«y.:liivol  chu,r«ctcr,  800,  881. 

Semal  seutititiuu,  probable  best  of,  £36, 
530. 

Shock,  effect  of,  on  heart,  32],  2SZ;  an 
eappillAry  eirmiliiUaii,  2M. 

agbing,  act  of,  27  d. 

8ilDil&nty,  lair  of.  694,  695. 

&ag\e  ViaioD,  condiliona  oT,  712,  713,  718, 
748. 

6U-fiDgcred  fniniliefi,  883, 

Sinh  Pair  of  Nei-vea.  471,  473, 

Siio,  Tuuol  appretiatiua  of,  717-720. 


!*bi'pj|p,  iiLi*  brwjfl  pif,  883. 

Skelvtun,  iJerv1n|pinont  of,  R49  SG3. 

Shin,  Colour  or,  its  vaHallua  in  JUui,  ST4- 
8Jfl. 

,  Rcj[piiatjon  by,  3110.415.  >II<1itraa- 

ilpinilion  fniiu,  lii!-404, 

Bkiill.  (orm»  .,f,  in  rtilTdrpnt  UoMe,  877 -CSl ; 
(irugiintbonB.  877,  87Si  [pymniidal,  878, 
S7U;  ppviil.  87a,  830. 

Sl"i>.  ileHiiiliiiii  of,  «34 ;  ne«««ity  for, 
fiaS;  |ppi-ip«lidly  of,  Mi;  pndininieiD); 
inlliioui'ea  lo,  GUii;  uhsmpp  i<(  inihii'iu^!, 
03(1;  nri'OHs  ipf,  "IIIO,  637;  iiitermwiliiie 
■tstu  WlwiKU  sltfcjitiig  and  w^ikiuk*.  I''l', 
SSS;  iuHLieni«ur  t>xpci:tatioii  auil  liabil 
iu  iudutiiu^,  i)33  ;  iuflneoep  of  iiupr^.^dipjaa 
on  the  luiud  of  tbe  eleuper,  'iSB-mV; 
luuaunt  of,  re'iuirwl  liyr  man,  GIO,  841 ; 
c&EM  <tf  abMiii^e  and  Llefieieiti^;  of,  541, 
642  ;  undue  protraetipiii  uf,  642. 

SiHct!,  ganglia  of,  ipfl;  nervffi  of,  439, 
4SU  ;  tliuir  distrihuUqn,  OUT.  1)98 ;  Sente 
of,  0U7 ;  coaditiuiiH  of,  OSO;  urn  of. 
8119;  iuiprbteiui'jit  of,  Cy9  ;  luodifiiaiiiiiii 
of,  by  Imliit,  6iHt;  durali^io  of  iiHpri'i 
aipjn>  on,  69&|  40ll ;  ill  pnrticipnlion  iu 
Titaie,  69i,  II9g;  vultaliou  of,  iu  Soui- 
iiiuabulism,  646. 

Kueeiing,  act  of,  378. 

Soliliini!,  aft  of,  277. 

Robir  pleius  of  Pyoijiallii'lio.  772,  773. 

tifjlLilily,  i»rirfciitiuii  of.  Tlil-T16. 

.Souiadc  DcatL,  {)22-U25, 
SoiunambuliBiu,   rolatiouH  of,   U>  fdesp  aud 
revtirte,  844,655;  Hue|hjiirfion  of  volitional 
iwntrol    In,    644;    pheuuuiena  of,    S4S- 
047 ;  maameric,  047-648. 
8oiinpIs,  propo^lion  uf,  729-731 ;  dincUon 
of,  735,  738;  (lialduceof,  738  ;  pitcher, 
73fi. 
SoUDiU  of  Heart,  229-231. 
Spasmodic  Disordars,   afleetion  of   fipliml 

Cord  in,  679. 
Specific  identity  or  diTersity   of  Iluiuitu 

Rai^s,  c]0(siii)n  of,  873-888. 
Sjp,;itnvl  iUusioHH,  671,  (173. 
Spcnuntoxou,  ujituiv ujtil  evulutinn  of,  790, 
TBI ;  Guseutial  iiupoitanue  of,  ill  fecuu- 
dntiptn,  791,  792,  505. 
SpliPincp-palaliae   |^i|;liou  of  (iyuipathutic, 

774. 
Spherical  Abciratiou,  701. 
SpLin(.'t4(n,  action  of,  73,  489,  49.^. 
Spioj^'AceeBaury   XErve.    .iir^tribution   anil 

functions  of,  476,  477. 
Spinal  Cord,  Structure  of,  4ofl-46a ;  ex- 
temal  amfuruialiou  of,  450,  457; 
veacnlar  substaneo  of,  4.'<7,  458 ; 
fibpioiis  Btrauda  of.  457.  458 ;  funaoc- 
tioD  of,  with  ncrre  roota.  456'-46.<t. 
FuDctiCina  of,  479-198;  itd  conducting 
power,  47U~483;  retalivo cnilovmcnta 
(if  its  anterior  and  poHtariar  ctilumna, 
489-483;    iti  proper  reHex  actiana. 


^^^^^^H            958                                                   IXDKX  OF 

SUBJKTTS.                                   ^^^^1 

^^^^^^H                  483-1SS-,  thdrreUtionUtheOrguiic 

Solpbor  of  BUe,  ita  elhoJMlinn  iff^ 

^^^^^^^^H                     fnnctiaiu,  4S9,  400;  thoT  prot«etiTe 

lOa.  853.                                            1 

^^^^^^^H                     cbuscMr,  lIHMlta ;  tlisir  floWriLeoiK 

rti    drV^fV^tlVA    iW     IrniBA       SQI                 J 

■    aU  ^■Mill  IJttt  TI    V  1UIV|    vV*4          ■ 

^^^^^^^^H                     bo  luTOUiotJiiB,  491-494  ;  iu  Ladoeiue 

SaperdBlMiaB,  S33.  SSS.                ^m 

^^^^^^^B                  oil  Hiumlmr  tnwoo,  4M-I9S. 

SopenianeMqr  h(M  S39.             ^H 

^^^^^^^H               Abnomul  utiona  o(  t76-t&<t;  giMnI 

SappunttioD  uf  voiisdn,  >3T,  33S.  ^^ 

^^^^^^^^H                  itupeiuiiod  of  po«*r  of,  685;  uoovTe 

Supra-Ksiil  bodica,  nnetanoC  139.  I 

^^^^^^^^H                  eioitalMlitf  of,   in  Totana^  fiT6 ;  in 

derel-ipme>l  u^    130;  filPWion  ot,  I 

^^^^^^^H                  Hjdrophofiijt.  67fl :  b  Ujrtois,  6T7, 

131. 

^^^^^^^^^f                     6T8;  partU[  eicitabilkj  d^  in  Sfaa- 

8urgld»I  Farer,  pnSapadag  aulM»td,^ 

^^^^^^^^^                    moilif  rlriirmrt.  STS,  (979;  faiUnl  hm 

Bjtmioetrioal  dliKBHai,  201,  IDS.      «■ 

^^M                                         uf  poirer  of,  in  P&rBl;n*,  S'S.  680. 

^^H'                                Spin&L    XorrpB,    4iIS;    ilunble   ^iiirtion    of 

gynropc  071;  dntb  bj,  932.  MA^H 

^^H                                      thptr  route.   418.  4i^3 ;  Ljwir  oiooecljon 

SjTo-Arabian  lUee,  6B1,  SS3.         ^H 

^^1                                     rith  tlif  Spiiial  Ciird,  45S-4f(3. 

Swailctwing,  act  o^  63-46^               ^^H 

^^1                             BiiriMaUit  brpoiiiau,  S47-f'3l. 

^^H 

■■                                 ^taUdd*  WarkhaDM!,  fersr,  be.  Hi,  SOP. 

^^H 

^^I                                 Spleen,  (tnutore  uf,    136-123;    itnTelup- 

^^^H 

1 meal  of,    121);  fnnctiiiu  of;    I33-1S7  ; 

^^^^^1 

^H^                                     hlnoJat,  16B,  I'U. 

T»bte-Tdkin«,  ClT-eiS.         ^^^H 

^^B                                Spteniu'  Btoud,  ICD,  ITO. 

Tabls-Toniin;,  S14.                ^^^H 

^^B                                BlBnuncriDg,  Dklun  uf,  TTO ;  treatment  of, 

Tnutile  CurpiMdc*,  BSS,  CSflL'^^^H 

^g 

Tnmnlian  LaDgaago,  898,  891.      ^^H 

^H                                    Staiwdins,  fnnetiiiw  o£  IS3. 

Tiuir,   gaagliun   uf,   49S,    497;  a^H 

^m    _                               Btuoh,  K  ainxtitiicnt  of  food,  35,  38-43; 

478,   171;  SeoBe  oi;  691-697:  fH 

^1    '                                    ite  tnuufunnaliuis  b;  Kiliva.  TB,  TT;  by 

nbjects  of,   691,  693;  «p«cial   en^^ 

^1                                         inteatinal  flaid,  09. 

of.  692,  693;  aut  of,  A83.  691;  p^ 
of,  694,  695;  Tarjing  aeutauf  ti  fl 

^1                                    SturVBlioD,  oBeott  of.  5T-R0 :  (l«th  by.  CT, 

^H                                         S2&;  ClioBHal's  eii«rioieul»  ou,  6S,  CCi, 

paiticipiktion  of  cioalt  in,  695,  SM ;  ■ 

H                                   413,  411. 

^1                                Stereoiiooiie,  Tl  4-720. 

oues  ol  low  of,  671,  69G  nulr. 

^H                               Sliimaci,  moiemeitta  uf,  iSti,  AT ;  nction  of, 

Tannlun.  Cholan  at,  301,  SUi. 

^H                                         ia  Tontlting,  CO,  7U;  iDfl»<;ni.-c  i<f  pouii- 

Tea,  inflneoca  ot,  on  arine.  397.  398. 

^f                                         mogniittii  on,  Q^ ;  swrulin^  fuUida  of, 

Teeth,  deddnoiu,  eiuvia^on  at,  33&;  da 

^1                                         T3-H0  ;  tilli  uf,  no  ;  BecrelJiiD  uf,  83-89 ; 

lopmsnt  uf,  903,  909;  pemtauH,  ill 

^H                                         digfeHtion  in,  S9-U3 ;  effeulA  of  bIaiF«  OD, 

lui'iuL-al  of,  912-014. 

■ 

Tciniwntnre,    eidvnial,    iaAutm    «^ 

^B                               StnliiHinuB,  iMthulugy  of,  T4S,  749. 

teuipunlura  of  budy,  406,  409;  attn) 

^H                                Straa^ury,  679. 

of,  cudDTRlby  Nan,  4IO-41S. 

^H                                StrL'tif^b.  flulU  or,  7S0,  751. 

Sam  Of,  eSS-6«0. 

^H                                     StringB,  riliratiug,  Uws  of.  758.  759. 

TeneamnB,  679. 

^H                                     Strychnin,  ortlGciBl  (etuiua  of,  •SlU. 

Teaai>>D    uf    MoBclts,   iafliwiioa  el  fli)i 

^H                                     8ohj«:llva  Keiuuitions,  662;  origin o^  563- 

Cunl  on,  494-496. 

■                                          £011. 

TauBor  tyuiiAai,  fsDotieiu  o(  7Si,  TSSl 

^M                                    SaWiBgna]  OUnd,  73;  wmUnnof,  75,  76. 

^rtea,  ilnicturtfof,  7ST-TS9;  diiiiliif 

^H                                     Bubnmilliiry    liangliiiu    of    BymnUlictie, 

of,  eie.  847, 

■ 

Tetanuis  palb^lo^  ot,  AT6. 

^H                                Sabmhxillsrj  Olaiul,  T3,  76nofi.-  Bocretiaa 

Thidiuui  Oplici,    497;   tbair    t«kli(i« 

■                                    of,  74-76. 

Ccnbnira,   491t,    584,    S85;  lhair  fl 

^M                                    Sucoaa  Buterimu,  9S,  1>0 ;  ita  DW  in  digw- 

tjoni,  S06,  SOT. 

^1                                         tiun,  UH,  lOU. 

Tbcioe.  ellHrl  of.  an  uiiag,  897,  39i, 

^H                                     Bu<^tioa,  act  of.  61. 

Tbinl  Caii  of  Sara,  471.  47*. 

^^L                                  SwioripiiToat  £i fiynuH.    tompoailiun   af, 

Ihint,    Lndiistea  nnvHity  for  UfnU, 
inuusdiate  aunrw  at  wni*  ij^  Si,  fttl 

^^m                                    4U1,  402;  qiMulity  of,  4US,  4lt3;  yitn- 

^^H                                     rioua  vilb  urinary,  103;  uiiiMi]aGDU!s uf 

Tbymns  Qliuid,  almrtntv  ami  ilaieliM 

^^f                                       luppnaBUn  at,   404 ;   bigorifyioi;   nffwl 

of,  130-132;  fnarrlioa  of,  1X3,  184. 

■                                          of,  422,  133. 

TbyruiJ    Glaud,    (ttuoiuin    tit,    1t± 

^H                                     BodutipaninH  manilaliB,  4O0,  401. 

fuiii:ti,in  iif,  133,  134.                  ^X 

^H                                     SngHT,    fi)rmalian  uf,    in  llvvr,    IIT,    171, 

Toiignt,    jHiiiUiP    of,    694,    SBSJ^H 

^H                                          365,   S'B;  pinrrrmri  uf,   into  uriiw,  IIT, 

ncTToH  of.    473,   474;  motor  SHI 

^1                                          397  lolt. 

477,  478 ;  sw  r.ui..                 ^^\ 

^H                                     SuflgCfltioD,    iodBence   of,    in    detomuning 

Tungues,  yibniUng,  la»i  oi,  759,  HM 

^1,                                        ■nouesuun  of  Lboogfat,  G»3.  60%  608. 

Tunii^itir  of  AiteiiML  SS&  iSa  J^M 

^B                               Bnlfihus^  Alkuliut^  in  oriua,  892. 

259,257.                              ^^B 

DTssz  OF  suwscre. 
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TomA,  guglift  0^  497;  uerrea  o^  G02, 
COS;  BcDTC  0^  SSS-eei;  pspiUn  of, 
6S5-6ST;  nrriBg  untoneaa  of,  6BT ; 
knowledge  uqnind  by,  SSS-680;  tm- 
proTement  of,  bj  practice  uid  attention, 
690,  691 ;  combinstion  of,  with  Tiautl 
■enae,  710. 

Toiio  Diieeci,  general  pathology  and 
therapenticB  of,  209-217. 

Tiaiuen,  diet  oE,  47,  48. 

Trance,  ohh  of;  e26,'e27. 

TriCDipid  Talra,  imperfect  ctoBOM  o^  228. 

Trigeminiu,  see  Fifth  Pair. 

trUntat  Nascentinm,  mortalitj  from,  311. 

Troth,  DotiuD  o^  G77,  S7S. 

Tober  Aaaulare,  effecta  of  section  of,  G08; 
eSecta  of  electric  curreDt  on,  GD8. 

Tubercle,  nature  of,  34T,  348. 

Taberenla  (joadrigemiDa,  49fl,  £05. 

TnbercBlu  Diathcsii,  347,  34S ;  manifeita- 
tion  of,  at  different  ages,  916,  BIT. 

TamouiB,  tkeir  relation  to  hniertrophiei, 
328 :  malignant,  348. 

Torkiah  Baee,  892,  893. 

TfinpaniR  appamtnn,  Etmetare  and  uses  of, 
731-733. 

Trphoid  ferer,  alteTUtioas  of  blood  in,  174, 
175. 

U. 

UmlnUcal  Cord,  Btractnrs  of;  837,  S3S. 

VedcEe,  834,  83T. 

Ve«ela,  837-840. 

0noaiueions  Cerebration,  607-610. 

Onchoa,  837,  S48. 

Unemia,  pa^ologj  of,  3S4,  SS5. 

Urea,  iU  ordioarj  proportion  ia  nrine, 
S87;  Bonreea  0^380,  390;  ToHatioae  of, 
887-383,  S»fi,  398,  399;  conseiiueQceB 
irf  iti  Don-elimiDaUoD,  S84,  38S;  its 
piwence  in  svmt,  402. 

Dric  Add,  its  ordiosr;  proportion  in  arine, 
387 ;  its  Bourees.  3S9 ;  variations  in  its 
amoant,  339,  390,  396;  sediments  pni- 
dnced  by,  390. 

Urination,  act  of,  72,  489. 

Urine,  necreUoa  of,  381,  excrementitlons 
character  of,  351-35B,  373,  384,  396, 
397;  physical  iiroperties  of,  385,  386; 
qnantity  of,  386;  specific  gravity  of, 
SS6,  38T;  composition  of,  387;  differ- 
ences of^  with  age,  387;  influence  of 
diet  OD,  395-398;  influence  of  diuretic 
medicines  on,  396—400 ;  Organic  com- 
ponents of,  387-391  (see  Urea,  Uric 
Acid,  &c.);  acidity  of,  389,  393,  394; 
alkalinity  (^,  394,  395;  Inorganic  com- 
ponance  of,  391-395;  sugar  in,  397; 
lactic  acid  in,  397;  vicarions  secr^on 
of,  356-358  ;  incontinence  of,  679. 

Uro-genital  sinus,  846-848. 

Uterine  Ghmduhe,  807. 


Utertl,  inhersnt  motility  of,  &2E ;  inerease 
of,  during  pregnancy,  814,  815;  action 
of,  in  parturition,  816,  817;  anl»eqnent 
degeneration  of,  323,  817 ;  embryonic 
development  of)  847 ;  rudimentary,  of 
male,  343. 

T. 

TalTCR  of  Heart,  227 ;  difTerence  of  mitral 
and  tricuspid,  228  ;  sounds  produced  by 
tension  of,  230,  231. 

Vapour,  aqneona,  absorption  of,  113,  111, 
295;  eihaUtion  of,  293-29S. 

Variation,  tendency  to,  882,  883. 

Varitlltt  of  Man,  their  rasential  oonfor- 
mit;  in  structure,  874-884;  in  physio] o- 
gictd  charactera,  884-386  ;  in  peycbical 
endowments,  836,  387 ;  in  languages,  887, 
3SS ;  see  Saca. 

Vasa  lulea,  S3S  note. 

Vascular  Area,  834. 

lamina  of  Qerminal  membrane 

833. 

Vegetables,  trtxb,  an  essential  article  of 
diet,  43. 

Vegetarianism,  40. 

Veint,  atmctare  of,  254,  255 ;  movement 
of  blood  in,  255  -257  ;  causes  of  motion 
of  blood  in,  256,  256;  congestion  in, 
267. 

Venous  Blood,  diBerentiol  characters  of, 
164-168. 

Vertebnt,  typical,  860,  361. 

Verteb«e,  cranial,  851-863. 

Vertebral  Column,  first  indications  of,  832, 
833;  subsaiueat  development  of,  349- 
851. 

Vertigo,  873. 

Vesicnla  Proalatica,  its  real  import,  847, 
349  nolt. 

Vesicuis  Seminalea,  fanction  of,  789. 

Veucular  nerve-snbstance,  433--43S. 

Vestibule  of  Ear,  734. 

Viability,  early,  of  fiEtus,  320 ;  relative,  of 
two  Beies,  358. 

Villi,  intestinal,  atmctare  of,  105-107;  of 
stomach,  SO. 

VUion,  ganglia  of,  496 ;  nerves  of,  409- 
601;  Senae  of,  700-727 ;  objecto  of,  708 ; 
optical  conditions  of,  700-703;  defects 
in,  704  ;  nervous  apparatus  of,  704-708 ; 
limits  of,  703 ;  nae  of,  in  combination 
with  touch,  710;  erect,  cause  of.  Til; 
single,  conditions  of,  TI2,  713,  743,  749; 
appredation  of  solid  forma  by,  713-716; 
ofdiatances,T18,  71T;  ofsiie,  T17-720; 
conversions  of  relief,  T20,  T21  ;  per- 
■iitence  of  impressions,  721,  722;  com- 
plementary colonra,  722,  723;  want  of 
power  to  distinguish  colours,  723,  724; 
irradiation  of  impressions,  724  ;  vanish- 
ing of  images,  724,  726 ;  subjective  phe> 


ImihIoh,  Xew  BuTHiii[U'n  Strrtt.  H^^ 
May.  183S. 


MR.  CHURCHILL'S 

puMirntiims, 

*"^  in 

MEDICINE,    SURGERY, 

SCIENCE." 


"  II  vDuTd  be  unjiut  lA  Mlldkide  Ihia  DOtlee  witbimt  ujld^  ■  few  nordB  in  fttuur  of 
Mr,  Churcliltl,  from  whoia  the  |>rDrctttnn  ■•  fKcivifig,  ll  ma^  lit  tnily  mid,  lliv  mtut 
bPHuiiful  »cricii  i>f  Jlluatnitcil  7i]e4]ii:]i]  Works  which  liM  t^fT  bcfn  [rublJ»herI,"'-X.iif|fV<yr 

"  AlLlbe  publJcmLiona  of  }lr^  ChufdiiU  uepnpued  with  ^a  Diuch  Culcund  nvalDinH 
Cbftt  it  ti  ■uiitrAiwiu  to  apeBk  of  them  ia  txtmm  of  mmntPiuUd'iii-"  —  £rfu»dirrf  A 
MpiiicaJ  44(i  SuTfii-ai  Jourmtt. 

"  No  one  ia  more  dittin^aiBbpil  Tot  itir  ^kgKPce  ud  p«'ArrrA/  al^Ir  of  hii  iiubiiM' 
lian*  ihan  Mr.  CZmrchill-" — Pri/t^inetat  Jtirdii-tit  Journai. 

'^Ut.  CbarchiXI'k  publicatiaiu  ire  nfj  bindkoicFly  gpt  up:  tht  tD^nTingi  arc 
Kcou-kablr  well  esNOir A. "—DvlHa  JUtaicai  Prew. 

"Tht  lypA^Fh^p  iUu»rmtiQnB,  hqJ  ftttling  ap  uf»  in  all  Vr.  ChureluU**  publi- 
alioQft,  CQUL  bcAuliful.'^ — ^tinfKI^  .tnuriiii  nf  Htfdirnl  Srimee. 

"  Mr,  ChurchlLl'i  inuidated  vorku  >Tf  iiniunf  tl;^  l#at  t|u(  vmualc  ^oi  the 
Medical  Prtwa."—Mfvt'cui  Timet. 

"  We  hive  before  C4U«d  the  ■Tlmlioa  of  both  atudf  nU  und  piVtitiHtUft  lo  Ihr  ^rcai 

iblwiu^  which  Mr.  ChiirchiLI  hu  fDofcnYd  on  the  profnuop,  in  Ihc  iituc,  il  luch  « 

Audenlemt,  of  warka  lo  highly  PrcdiEBbLi:  ba  poml  of  trtiiiUc  BxectUlan  Jind  lUcDtiflc 

^5^  nwnt-"— i*»ifrt>  iiuarttrtjf  JttHtvU.  ^  ^ 


^fe^**"**" 
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MK.  CHCRCHILL  S  PCBLICATIONS. 


MR.    ACTON,    M.R.OA. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  UEINARY 

AND  GENERATIVE  ORGANS  OF  BOTH  SEXES,  INCLUDING  SYPHILIS. 
Swind  Editian.     8vo.  cloth,  20*. 
"  Ur,  Acton^i  work  mntc  be  dili^mtlT  ituditd  hj  crerj  pnrtitiDDer  vho  irould  d»ii*  to  two^C 
hutod  of  LninTinf  hu  pEtivnti  it  hu  a  dulioctiYt  Knil  pr«-etiuDenIlT  diunoAic  t^oc-" — Mtd- Owtttte. 


'  The  pmmt  «ditiOD  of  Mr.  Acidd'i  work  it  Tcrj  much  eoLuir™!  ^^  cootuiu  ■  moil  TBJiublv  coL- 
lactioD  ofntttcT'"— TAf  Laiuvt. 

^*  We  cuinat  too  Idgfalf  recDmiueDd  Eh£<  tnktiH;  it  thoald  be  foimd  wbeifiTCr  Surfcrj  ia  pndiied 
(hjodghout  tbe  Bnli*h  Enjpin." — fnrnncial  Mriical  Journal. 


DR.    WILLIAM    ADDISON,    F.R.8.,    F.L.8. 

ON  HEALTHY  AND  DISEASED  STRUCTURE,  and  the  Trce 

PHINClFMa   OF   TaBATUWIT    FOR   TBI   CUHB  OF   DlKIASI,   MFKIALLV   CONMUMPTION 
AND   SCROFOLA,  founded  on   HiCROSCOFICAI,  ANALVSIik     Sto.  cloth,  12). 

"  A  wDik  deHTTing  the  pcnual  of  aaj  one  intcmln]  In  tbe  IMt  npld  ulmicB  of  phjiiolog;  ud 
pUMogj."— Jfgdico-OlinBYfcal  RaieiB. 


MR.    ANDERSON,    F.R.C.8. 

S,  HYSTERICAL,    HYPOCHONDRIACAL,     EPILEPTIC,    AND 

OTHER   NERVOUS   AFFECTIONS;   their  Cuuh.   Symptomi,  and   Treatment. 
Oto.  cbtb,  Gf .  ' 

THE  SYMPTOMS  AND  TREATMENT  OF  THE  DISEASES  OF 

PREGNANCY.    Port  8n>.  4t  6d. 


DR.   JAMES    ARNOTT. 

ON  THE  REMEDIAL  AGENCY  OF  A  LOCAL  AN^STHENIC 

OR  BENUMBING  TEMPERATURE.in  vBrioaapainfliland  inflainmiilorjDiKiuea. 
Bro.  cioth,  At.6d. 

TI. 

ON     INDIGESTION;    ila  Pathology   and    its  Treatment,  by  the  Local 

Application  of  Unironn  and  CoDtiniioiu  Heat  and  Mointure.  With  an  Account  of  an 
impTDTed  Mode  of  appEying  Heat  and  Moiiture  in  Initativf  and  InSanunaloiy  Diussc*. 
With  a  PUte.     flvo.  ifc 

PRACTICAL   ILI.USTBATIONS  OF  THE  TREATMENT  OF 

OBSTRUCTIONS  IN  THE  URETHRA.  AND  OTHER  CANALS,  BY  THE 
DILATATION  OP  FLUID  PRESSURF^    B to.  board*.  3.. 


MR.   F.   A.   ASeu   F.O.8.. 

Tianwoa  or  CHaHIiTiT  at  tbb  botal  hilitait  acadim*,  vooLwtcR  ;  ard 

MR.   C.  L.    BLOXAM, 

DIKOHBTaATOI  OF  rBACTICAI.  CHIUIITIT  IR   KIKO'l  COLLIOI. 

i  HANDBOOK   OF  CHEMISTRY :  theobetical,  practical,    V 

i  AND  TECHNICAL.     Svo.  doth,  15».  «t 

^j^4ft^,^ -_ — .____    .   ^,.._      — -^v»^^ 
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MB.  CHDRCHILLS  PUBUCATI0N8. 


MR.  T,  a   ASHTON, 

BDUIID?*   TO  TUB  MLHJcHrEV-tTmrnrT   D 1 9 riEtt A VT- 


ON   THE  DISEASES, 

OF  THE   RECTUM   AND 


INJURIES,  .VND  MALFORMATIONS 

ANUS.     Bvn,do1h,  B.. 


'•  We  can  mntrirnliDDalr  drelarp,  fhat  wo  tlnd  in  il  cnpw  Infonnal^fin  thin  li  to  be  ofilslard  from  I 
uDfclt  Tulump  jrt  publiphed  in  Ibe  lubjerl  of  vhich  it  Imu,'' — L'HU'rr. 

"  il  II  the  idhE  complete  of  ^  the  trorlu  at  pfCHUt  liniler  eonijilentiun,"^A'rv  fATit  Jwtrmti  * 


IL 


A  TREATISE  ON  CORNS  AND  BUNIONS, 

ING  OF  THK  TOE-NAIL:  their  Cbuki  nnd  Treawnent. 


ANTi  IN-GROW- 

Pon  Bfo.  doth,  3i.6f(. 


MR.     ATKINSON. 

MEDICAL  BTBLIOGRAPHT.   Voi.  i.   Bo™i8vo.  16*.  

"  Wf  Tkuvr  nrvT  (DriiunEFTfil  ft  ■in^^ulir  and  nmubftbEf  i  bimk-     Il  oiute*  (bt  Gamu  lewftt  <f " 
■  PtoiHjuct  iinth  ihp  fuvLii^i  -J"  lihbrlAip.^tbE  buinDur  nf  Sipnic  wiUj  ih*  Hdn  of  DcibDcritiu.— Chi 
Iramin^  at  IluFlnn  with  [Lf  uit  of  riDdu".'* — Dr.  J^lktuum't  hfpiev- 

"  In  Mr.  Mkxtin'm.  I  hjivr  rounJ  4  ^cDtlrmiin,  aad  n  oiuiof  ruird  ulcDl.  ftnlFnl  And  uii*e>  and  of 
the  matt  dvc  r1lDwin|f  |;oudQ««i  uf  bfart.  In  bin  tpfirt^iacnl  tftn  ■□  hononimblf  profcuion  i  Mr4iriDe  *b4 
Sur^i7).  he  known  not  Khai  the  B[^phLc«l  apnioiliDJitJrrD  to  f«ni*i  »-  Thr  bcurUui  of  ajl  lb*  vA«<*- 
□uruina  T  t^pTfOM.  he  icom*  uliPtch,  and  vbhonn  Rm^c  Ilia  'up  and  be  doiiiR '  with  him  froB  hu- 
riiinE  fo  lunKt-  Ht*  libnrj  ii  luffocAtdd  wilb  Kfdiuntn*.  Frobcai,  the  AnniU,  ud  Ihe  Stepltfttv** 
^DiMin'M  KarlheTTt  Tour. 


ROYAL  COLLEGE  OF  PHYSICIANS. 

DR.    WILLIAIVI    SALY.    F.R.Sr 

ABBIITAIT    rdTIJtIA.N     TO     UT.     BA VTHI>LUMK V'l     tlORFIT&L;     4?i» 

DR.    WILLIAM    W.    GULL, 

REPORTS   ON   EPIDEMIC    CHOLERA,   la  Qnue  «.d  Mode 

D>ffuiiioi),  Morbid  Aniiiomy,  Pnthology  iind  TremmenL     Diawo  up  M  the  Aaoir  of  I 
Cholera  CoiDmillPc.     With  Mnps,  Hso.  clnth,  I6». 


MR,    RIOHARO     BARWELU    FR.Ca, 

DJIMO^flTHATDH   Or   HtVlitTOHV  AT  BT.   tUniltt'l    BOOrlTAL. 

ASIATIC  CHOLERA  ;  its  Symptoroa,  Pathology,  aud  Treatment. 

Sin.  cloth,  In.  Hd, 

"  Htm  i>  t  honk  w(ll  •onhf  uf  Bltentjon.  Ift  Hr,  nu*r'n  unin  fron  the  IxdHile  of  (be  hi 
eliDloi  patieno  placed  uadc  All,  fare  it  Str  ThoDioa'j  lto>|dLBl/'^TAF  L^itert- 


DR.    BA9COME. 

A   HISTORY   OF  EPIDEMIC   PESTILENCES,  FROM   THE 

EARLIEST  A(iES.    Bvo.  cloib,  Bi. 

"Tliu  tfifk  appcon  vrTf  upporlunely,  und  will  nu  doabt  ■Unci  ■  nMnddmhlr  ^hr  of  ■SaHifAk" 

fj  I  "  ThiB  bnok  mUI  htr  fouod  uiicfut  ■■  b  vfirk  o(  ftfeiraer,  at  tt  contain*  «  notirv  «f  ^  |)w  idbm 

Jk       ftblfl  pcafikriccB  Uiat  bnvv  o«nirrrd  frum  141^0  j?*n  bcfan  tbn  brnb  uf  our  SftVkQur  ta  iML^'-^jIfJ 


m^c^ 


-•«- 


HR.  cbokchill's  publications. 


n 


lulR.     BATErwlAN. 

MAG^ACOPIAl    A  Pracuctil  Library  of  Profilabic  Knowledge,  commii- 

nidBling  the  grarral  Minulia:  at  Oiemital  and  Phnmuicfulic  Reutint,  together  wiih  ihe 
jtenEtnlilj'  of  Sccrrt  Forms  nf  Prrpnni linns;  iitcliiriiiiit  ConwniraW  Suhitionii  .if  Cjimphor 
and  C^pnilm  in  Walpr,  KTiner;il  SLici'cdLinoncn,  ^EanDnruIUTn,  SilifJji,  TclTL■-J^f^Ulflic^m, 
Phannncruiif  Cundmiinn*.  Pri»inniic  CrybUiUiMtinn,  Crt'*UillbpEl  AromAiw  S4I1  of  Vino- 
gar.  S(ui  Walcn;  m'K!j--iiiVfnU'd  Wriiini(  KliiiJs;  Eii'biiij  on  Slral  of  Iroiii  wiili  an 
ixlcutico  Vniiely  of  If  cisleni.     ThitJ  Ediliuii.     IBmo.  U>. 


MR.    UONEL    J.   BEALE,   M.R.O.S. 

THE  UWS  OF  HEALTH  IN  THEIR  RELATIONS  TO  MIND 

ANP  BODY.     A  Series  uf  LctK'n  from  on  Old  Pniclitiunpr  to  a  PaiiuDl.     Poet  Hvd. 
dtith,  7>-  liri. 

"  Wc  ^liitty  vdfoma  Mr-  B«Jr'«  work.  The  DbKfVftlii»u  ■»  tfaoap  nf  n  moit  eiprhrtiRd  uid 
inlelltgtiK  prvfliiJonrr,  aod  do  cqiul  crrdil  Ed  bit  hoad  ind  hrazt-  It  it  nnt  Id  ihc  Ut  rrjulef  oolj  thil 
Mr-  Hnle'k  voik  wJI  l>^  hCrrptsM^T  Aod  nr  nu^r  for  ii  an  rtrfftimr  papalMnty."^ Lancet. 

"Aflbovgh  iMJilrctocd  b><h<T  pulitir,  a  wt  ^tntif  nf  ncellnu  |>nucta]  mailvr  U  conluned  ibUivMch 
UfklcuIbEid  to  Inlemldic  prvtiltimrfn  Ucomf^s  m  on  pprrcruMF  nod  rijiiToUrir  bc^Ii  moil  of  lb« 
imporlini  Irurhi  coniiHtnl  witU  t>t<^ciL(jvr<  mrdicinv,  und  th^ir  pnctinl  applinllai]  lui  ilii-  ilevi;lopn.4^n( 
anh  maEuniv  of  mind  imd  budv,     Uli,  HcevLc'b  valume  ie  nlculatcd  to  nuke  ■  f^TOimble  impceiAUrti  up 


MR.     BE  AS  LEY. 
I, 

THE   BOOK  OF   PRESCRIPTIONS:    conlainmg   2900   Prescriplious. 

CoUcctcd  fraiu  iho  rmcilre  of  ihe  moit  eminent  PliysicioitH  and  Snrgi^nfl,  Kngtiah 
and  Furciga.     2-Xiao.  doth,  liJ. 

THE  DRUGGISTS'   GENERAL' RECEIPT-BOOK;   compmiDg  a 

topioufc  VtfterinaT}'  Fommlary  and  Tabln  of  VetorLnarj  MLitrria  Modiru;  I'utfiTil  mid 
Proj>rttftftry  Mudlrini^H,  Pmgp;iitl4*  NoitnkniB.  &,•:. ;  PprTuincry,  Skm  CoBiaelJcs.  Ilnir 
Coatiipijc^,  nnd  1>pih  Cosmrlics;  Hrvpniffi'^^  Diuti^lic  Arlidei.  mid  Condinientj;  Tnnie 
Chi^EnJcal^  Mitwdlanpoui  Prppnrstione  and  Compcitindu  [;>trd  in  ihe  AriA,  fee.;  with 
Qbeful  Memoranda  and  Tabli^i.     Third  Edition.     24mo.  doth,  Ih. 

"  The  '  Gcnenl  Recdpt  Book'  ii  an  cilmcicc  appvndLi  lo  tLv  *  Pocket  Pormuliir)'-'  Na  Phvnia- 
reutist  who  ponniq  the  latter  might  lo  be  without  the  rvrmci,  for  the  l»o  form  a  nuDpLrte  Coimter 
Companioa,'^ — Jnnate  a/  piurmtwf' 

[It. 

THE    POCKET    FORMULARY    AND    SYNOPSIS    OF    THE 

nniTlSH  AND  FOREIGN  PIlARMACOPtEIAS;  n.ropiiaing  itandard  and 
approved  Formulae  fur  the  I'fparatioi^a  and  Cunipuniid«  ctuploytd  in  Mtdi<:al  PrncUcC' 
Siilh  EtHtirm^  fotrectffd  and  eiilargod.     24mo.  doth,  lijr. 

"  Eitrcmcly  uacful  bj  an  hljuocl  to  ihv  nhojt  library  ;  a  pnck^t  PLarmaenptr^aUDivpna^ia,  contuniu^, 
in  additiDn  to  Ihr  offlcinal  forcnulK,  thou- muiitnU  u»puatioiuwhifh  arc  ao  coaliniuUf  required  *C  tia 
hudanf  the  i\iiptDter"'—JnnatM  it/  CAemiMtrjf  and  PAarmaeji. 


DR.     O'Q,    SELLINOHAM. 


ON  ANEURISM,  AND  ITS  TREATMENT  BY  COMPRESSION. 

ISniD.  doth,  Is, 


III  Out  upioJon,  he  hat  eonfrrTed  a  aiipat  bcnelit 


■bmIfqI  cDiplnjina  prruure,  and  upon  the  KiEDCr 
0^tn6iHt^"^Atrdieii-'lSintrgie9l  Hi 


it  upon  fha  arl  nf  lurgvry  bj  JiJa  imprc^TrDiEnl  ol  the 
bj  bit  iD^niuiua  and  pbiluiupbJcal  upoailivii  uf  lU 
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DR.     HENRY     SENNET. 

OllfEtUC  rUVBIClA^  TO   Tni   VE^T'Rn    DXirHfltALT. 


A    PRACTICAL    TREATISE    ON     IKFIAMJIATION    AND 

OTHKR  DISEASES  OF  TUG   UTERUS.    TLJrd   Ediliun,  leiised,  with  addiuoin. 
Hvo.  doth,  l-i.  i\d. 
"  Wc  arc  firmly  fit  a\>\mim.  thkt  Id  i>nipoTtiDn  lu  n  knowlrdge  of  atrjioc  diAtAkCB  become*  ojim  * 
dftl^H  iii'lt  HMrk  wilt  br  jJirpporlinttiiltv  nuiU»JiVjl  lu  A  tcit-bouk  id  the  prjif»noa-"^Litnce4' 


tVIR.    P.    HINCKES    BIRD.    FR.C.3. 

PRACTICAL  TREATISE  OiN  THE  DISE.VSES  OF  CHILDR 

AND  INK.^NTS  AT  THB  BREAST.    TR.u»Iuitd  fn.ni  iho  French  of  U.B..uli.i,t. 
with  NolH  nnii  Addition!',     Hvt>.  cloth.     2iU. 


OR.    GOLDINQ    BIRD,    F.R.S. 

imiNARY  DEPOSITS:  THEIR  DIAGNOSIS.   PATnOLOGT; 

AND  TIIKRAI'EUTICAL  INDICATIONS.     Wilh  Engiariiip  on  Wood.      Fun 
KJition.    PoBi  Bv*.  elolh,  !0i.  M. 

ELEMKNTS  OF  NATURAL  prflLOSOPnT;  being  an  Esp.Tin-.ota 

liitmduciion  to  (he  SiuJy  of  [lie  Pliyaicnl  ScinicPi.     lllailnHi'd  wilh  numeniu  EngniT 
lags  on   Wood.     P„\ini\   Edition.      Bj   ODLCixn   BiHD,   M.D.,  F.R.S..  mi  Call 
BrookK,  M.B.  CunUili..  r.ItS.     Fdap,  Uvo.  cloth,  13..  &L 


DR.    Bl-AKISTON.    F.R.a, 
LATi  mrfriciAM  to  tux  miiari.^DUAii  DiHtSAi.  dOBriTAL. 

PRACTICAL  OBSERVATIONS  ON  CERLUN   DISEASES  OF" 

THE  ClIUST;  and  ou  thi'  ['riiiciplt*  of  Aim-uliution.     Uvo.  doth.  Ti. 

"I>rr  DlnliAton'ii  proiluclioD  oni  only  piTci  him  a  pluF  in  the  t%tUft  ihin  nolii  oF  HHind  and  woB- 
plittbfd  pbj'iiciutt,  poHc^tj-d  of  ■  IniE  ooticm  of  (hv  Irupnrluinr  of  Ihciw  Mienct.  and  of  (be  fMHOB  bf 
wbich  It  >hoDld  he  ciduiiiliul.— but  iiddi  to  Knglub  tlvdUsl  LIli'rntiUT  oh  of  the  fn  mil;  i»l«ln*, 
wmIu  bjr  *lileb  il  i>  •domnd."— W«lini-i::«inir»i™l  iimMr.  ■■ 


DR.    JOHN    W.    F.    BLUNOELL. 

MEDICINA  IIECHANICA  ;  or,  Ibe  Theory  and  Practice  of  Active  aiuT 

Piusivc  Eicrciica  and  MnnipuLitions  in  th;  Cure  of  Chronic  Dbi'aie.     P«ll!<n>,clatbt6ii. 


MR     JOHN    E.    BOWMAN, 
piopft««oft  o9  piiACTir4L  cnisiraThi  t^  imia't  colugi,  LOtf>OK. 

PRACTICAL   CHEMISTRY,  inckdiDg  Analysis.    WiiL  nitcieroiis  Din 

tmlioni  on  Wood.     Seiond  EJiiiou.     Foohwap  Hio.  iliith,  fi<,  GJ. 
*'  Ooe  of  Cbc  moir  complelF  LUKDualt  that  hu  for  A  long  lirot  been  ^Tcn  ID  tbe  clmAiHl 

Sreij  pmcFsa  La  indicBtcd  with  i^lcbntfu.  uiil  Ihp  DiAoipulAtDry  debula  ue  wiatildb^ui  — ~ ' 

01  taoilliiU."—AI1riimiii. 


Second  EditJoo. 


MEDICAL  CHEMISTRY:  with  lll't«tmtions  on  Wood. 

giiiilf.    The  Jlu*tf»iion»  «b  uiUDfruut  and  accunile.  adU  «cU  nlculHied  |a  ttA  dl«*mjBta.''— JK-"-^ 
•jfCFttr.  ^^ 
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DR.   JAMES     BRIQHT. 

ON   DISEASES  OF  THE    CHEST   AND   AIR   PASSAGES: 

with  a  Review  of  the  MTentl  Cliomtea  recommended  in  thew  Affeclionn.     Second  Edi- 
tion.    Poit  8io.  clotb,  Jm.  6d. 

MR,     I8AAO    BAKER     BROWN,     F.R.C.a, 

■vvaEOh  ACCQVCarvt  to  rr.  havt'i  hoipital. 

ON  SOME  DISEASES  OF  WOMEN  ADMITTING  OF  SUR- 

GICAL  TREATMENT.     With  PUlei,  8vo.  datb,  lOf,  Gd. 

"  The  moat  taJatble  chupUr  Ln  the  book  ii  thmt  on  Ruptond  Periiueutii.  IE  ia  in  the  tmtipmt  Of 
thit  diiLnHmg  anidtnL,  whith  liM  Icn^  held  i  promiDPnt  plmn  unon^t  the  approbrim  of  SnrRry,  IhAt 
Mr.  Brown  tua,  Ld  our  Dpinion,  ihown  ibe  grtateit  kiDQiiDt  of  orifiiulLEj,  uid  Ln  which  hud^ru  hftTfl 
becD  Tewirdfd  *Uh  (he  gn^tt^t  aiircfm-"^Thf  Umcri. 

'■  We  an  rHammend  Ur.  Drown'*  work  moat  kiicaglv  ta  *11  ihoH  who  fen  called  Upon  to  tr«c  the 
DMfein  peculiar  to  \('oineii,  fei  ■  book  in  which  Cbej  will  Hod  fe  grot  dcsl  of  rckUj  Ttliuble  pnctini 
infonnjLtioD'"— JffdfotJ  Timrt  itnd  OateUe. 


DR.    BUDD,    F.R.S,, 

ON  DISEASES  OF  THE  LIVER. 

'  '      IUuBtnit«J  with  Coluured  PUtcB  and  EDgraringii  oo  Wood,   Second  Edition.    Bro,  c1oth»  1 


**  Id  Dr.  Budd'a  work  the  prfectitioner  will  find  fehundfenl  iiutruFtJoiH  upon  ■frnpUmu  and  trcalment 
We  hope  Ibe  apecimen  we  hate  exhibited  will  iodua  dudj  to  teferch  the  work  for  iheauelTet." — Lattettw 


...  i 


DR.    WILLOUOHBV    BUR8LEM. 

RIHlOm  PHTILCIAH  TO    TMI    ILIHBmi    BTIIBT  DIBPIHBABT. 

PULMONARY  CONSUMPTION  AND  ITS  TREATMENT.    Post 

8to.  cloth,  5t. 

"We  And  ■■enaofofigiiu]  uid  importut  obvmtioni  on  the  ilAte  of  Ihn  periodic*]  funcBiomof 
the  fem^  id  reiftdon  to  the  derelopment  uid  EreKtmenl  of  phtbllU,  lud  k  fumneal^Tj  on  the  Tmrioiu 

[ihendmeiu  of  tlie  dijeue,  which  ImpmaiuwiL^  tlie  coaYicciim  that  [he  ftuthar  La  b  piimtAhing  La  hia 
itenrf  punuit  of  koDwLedgfl  u  be  it  eridenllT  m  pnctJcal  ph;ai(ua."^£«iuef. 


DR.    CARPENTER,    F.R.S. 

PRINCIPLES  OF  HUMAN  PIIYSIOLOGY.    With  numerous  iiius- 

trsliaot  on  Steel  and  Wood.     Fifth  Edition.     Sro.  cloth,  26i. 

PRINCIPLES  OF  COMPARATIVE   PHYSIOLOGY,    iiiustnttci 

with  300  EugraTingi  on  Wood.    Fourth  Edition.     Bto.  doth,  24». 

*.*  "The  whole  work  liM  been  moit  caiefiiHy  revised ;  and  the  Author  Ten  lures  to  think 
that  the  preoeut  Edition  more  completely  repreients  the  Btate  of  the  Science  at  the  period  of 
its  publication  than  any  of  it>  predecewon  hara  done.  He  can  honettly  wy,  that  he  ha» 
■pored  no  time  or  Uboiu  in  its  prepantion  which  it  hai  been  in  bii  power  to  bettow." — 
EHrad/ram  Prefaa. 

HI. 

A    MANUAL  OF   PHYSIOLOGY,      with   nnmcroua   Illustratiopa  on 

Steel  and  Wood.     Second  Edition.     Fcap.  Svo.  cloth,  12i.  6d. 

"  Dr.  Cupenter  hu  braught  up  hii  Uuiu],  In  thli  new  and  beautiful  ediUan.  Id  the  preMnt  ittle  of 
phriiologieal  kdenee.  The  work  u  complete.  W>  r«eomniend  it  u  an  ndminbtB  text- book ."—^DMddiv 
Jvtmat  d/  MeiieiM. 

"  We  eu  ATDnglj  recommend  (hu  Rjlume  to  the  itadenl-  THa  Hcond  edition  contKiiu  the  bt«t 
addiliani  to  pbyuologieal  tcicaet. "—Mtiical  Oxtelte. 
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MR.    ROBERT    B.    OARTER,    M.R.O.S. 

ON  THE  INFLUEXOE  OF  EDUCATION    AND   TRAII 

IN  I'REVESTlNti  DISEASES  OF  THE  NERVUUS  SYSTEM.    Fcp.  H.i^,  tU. 

THE  PATHOLOGY  AND  TREATMENT  OF  HTSTERU.    81 

cloth,  i(.  SJ, 

MR.    H.     T.   CHAPMAN,    F.R.C.S. 

THE  TREATMENT  OF  OBSTINATE  ULCERS  AND  CTITJ 

NKOUS  ERDPTIONS  UF  THE  LEti  WITHOUT  CONFINEJIENT. 
Editinn.     Poit  Sro.  dolb,  St.  6J. 


DR.    a.    C.    CHILD. 

ON  INDIGESTION,  AND  CEKT.UN   BILIOUS  DISORDl 

OFTEN  CONJOINED  WITH  IT.     Seroiid  Editinn.     Bro.  eiolli,  Ci, 


SIR    JAMES    CLARK.    M-D,.    BART, 

THE  SANATITE  INTLUERi'oF  aiilATE    Whb  anAceonDt 

of  iho  PrintiiHi)  I'lmes  rpwrtcd  to  bv  InvaliJi  in  Kiigland.  South  uf  Knrnpe,  i 
pin,  &C.     FourUi  EdiDDo,  rariKd.     Pmt  Hvo.  dotfa,  10(.  M. 


MR.    J     PATERSON    CLARK,    M.A, 

DlTlirilT   VITMADIDIMAVI  .TO   Dm  tuTAt,   Hinil.'IIB   rBLM't   4LirikT- 

THE  ODONTALGIST:  0![,  HOW  TO  PRESERVE  THE  TI 

CUBE   TOOTH.ltHE,  AND   REGULATE    DENTITION    FROM    INFANC 
TO  AOE.    With  {ilotu.    Fofi  Sio.  dolh,  5i. 


DR.    OONOLLV. 

THE   CONSTRUCTION   AND   GOVERNMFJiT   OF  LUNATIC 

ASYLUMS  AND   HOSPITALS   FOR  THE  INSANE.     With  Pkn^    Podtia. 

cinlh,  b'(. 


MR.    BRANSBV     B.    COOPER.     r.R.S„ 

LECTUKES  ON  THE  PRINCIPLES  AND  PRACTICE  OF 

OERY.    nTo.clolh.2U. 

"Mt-  Ci^ntr'i  Trfwk  hftt  TTininded  u>,  in  iu  eaij  at^ta  jmJcofiioqB  dcUU,  vcHTof  Whiaoa** 
and  wf  ahouM  bDt  he  nuiiiruml  to  lee  it  onrupT  a  iimiur  |Hlttut  |a  Ibkt  wcU-haavn  work  la 


MR.    W,     WHITE     COOPER, 
opnTnALHic  tuftcioTi  TO  IT-  ikait'i  a<«>riTAI.. 

ON    NEAR    SIGHT,    AGED    SIGHT,    IMPAIREI)    VISION. 

AND  THE   MEANS  OF  ASSISTING  SIGHT.    With  31  Illiutrntimn «■  WmI 

SFciind  Edition.     Funp.  Bra.  clotb,  7i.  G<l. 
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MR,      COOPER, 

A  DICTIONARY  OF  PRACTICAL  SURGERY ;  eo.i.f.reh.DdiDg  ^ii 

ihr  mnsi  idirn-stinit  Impruti'ininu,  from  the  Eiitliesi  TiioM  linwn  lo  die  PtcKBl  Ptrioil. 
Serenth  Edltivn.    One  yerg  thick  valume,  Sto.,  IJ.  lOj. 


MR.     COO  LEV. 

COMPnEHESStVE    SUrrLEUENT    TO    THE    PHARMACOPffilAS, 

THE  CYCLOPAEDIA  OF  PIUOTCAL  RECEIPTS,  AND  COL 

LATERAL  INFORMATION  IM  THK  ARTS,  MANL  FACTrBES,  AND 
TRADES,  INCLUDING  MEDICINE,  PHARMACY,  AND  IXtMESTiC  ECO- 
NOMY ;  deigned  m  h  Compcniii'tLii  Book  nf  Rpff'rtn«  for  itie  Muiatfactbrer,  Trades- 
DUiD,  Amateur,  and  Heads  of  Poiuilii-'a.     Third  Edition.     In  Ihe  Prta^ 


SIR    ASTLEV    COOPER,    BART,    F.R.S. 

ON  TEE  STRUCTURE  AND  DISEASES   OF  THE  TESTIS. 

Illiutnil*d  with  21  highly-finished  Coloured  Plolr*.     Second  KJiiion.     Boy»l  4w. 
Reduced/rom  £3.  3t.  Co  £\.  10». 


DR.    COTTON. 

AStlftTAHT  rBtlietlLA   TO   TQK   noilPITAl   rOB  COI,ftVHPTLD>I,    PKOUCTOH- 

I. 

ON   CONSUilPTION :       its   Natnre,    Symptoms,   and   Treslment.      To 

which  Essuy  wiu  awanti!d  the  Fothc-rjdilian  Gold  Mi^dul  of  the  Me<iJcal   Society'  of 
London.     Hvo,  clothe  &, 

"  Nnjlwilhttuiding  thf  bocbn^yt^d  noiart  of  the  ■ubjorl,  and  the  multiludc  of  bof^  wbich  litTe 
■pppjkrrd  upan  phthiflt*,  the  pir^tDi  sork  it  of  very  cDDHdeniblt  intrnrtl,  from  the  cIfv  and  aitniile 
moDiier  ui  ahLch  it  »  artiuif  ed.  ni^d  trcin  iiir  iu<  inulE  bf  Lbe  autbiM  of  tbir  uuple  oimehiU*  pljcvd  U 
hie  diopoiftl  a(  flit  Bninipicn  tiuipjlol/' — Atedtt-iU  Tim^. 

PHTHISIS  AND  THE  STETHOSCOPE  :    fi  concise  Pr«cUcal  Guide 

(0  the  Fhviicfll  Dingnoaia  of  Congumplion.     Fmlbcap  Ovo.  doLh»  3«^  Gd. 


MR.    GOUL80N, 

flUKl^iroN    TO    BT,     HAMV'h    OOIFLTAL, 

ON  DISEASES  OF  THE  BUDDER  AND  PROSTATE  GLAND. 

Tbc  Fourth  Edition^  i**ivii  and  tnlrtrgtd.     flvo.  cJoih,  10*,  erf. 

"  Mt-  Cwil*ira\  wurk  erbt  in  aUtcd  to  W  fuU  und  prvfidil.  Id  All  ■  voruit  mpmm  in  Mpdiea]  ytm- 
lurt.  <uid  ta  b«  U^j  tiJiiitbt*:  lu  liofb  •tudecLti  anti  v-neiiai*a---i*."^Mirdwni  T'tner- 

"  Tbe  nrtcticil  and  faupnlieiiii^A  chamrlrr  of  Mr.  Coulson^i  rolumc  cEvim*  for  if  u  place  So  ibe 
Hhmtj  aftrtij  targtob  'mba  daira  to  be  oa  a  Ltvd  with  modem  LmproYcnieprj."— .tAAi'vM  JoHmftJ  ^ 
MfiUdMe. 

ON    LITHOTRITY   AND    LITHOTOMY;    with  Engrayings  on  Wood. 

8ro.  cloth,  8(, 

OR.    JOHN     OREEN    CROSSE.    F.R.S. 

CASES  IN  MIDWIFERY,  arranged,  witli  an  Introdnctlon  and  Rcmnrks 
Edtui' CopUAH,  M.D^  F.R.C.S.    Sto.  dalh,  71.  <M. 
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MR.    CURLING,    F.RS., 

!tlrlCED^   TO  TUI  LUflDOH   DulriTltL.. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  TESTl 

SPERMATIC  COIIU,  AND  SCKOTU'M.     Swund  Editiun,  with  AJdiUooi,     8^ 
cloih.     Ji'^t  ready. 

MR.    JOHN    DALRYMPLE,    F.H.S,    F.R.C.S. 

PATnOLOGT  OF  TUE  HUSLVN  EYE.     Complet*  m  Nine  Fasck. 

impmnl  4to.,  ~2ff:i.  bach.;  balf-bnund  morocca,  ^U  topa,  9^  \m. 

"The  iatiBfarbcin  with  wLirh  «e  >LouEii  ba.rt  onnuuitcpd  (be  mnpltdon  of  ibU  UDTrnllrd  wnrkl. 
onFflciuclrJ  hj  ill-*  n^^m  nLicN  ur  ti:A.  in  common  wiili  mil  nbo  wftv  hri^miriCeU  wifh  il*  4]NUD^m»Ii«t 

rrAlikfi  All  ttiHi  we  bcUevc;  il  (loiulblA  fur  vt  caefftfCiDi  Utv  inxitoUon  of  aatiMiv/'^BritiMS  flparf  ^ofrt/p* 


DR,      DA  VE  Y, 


FOUMIillLT    Of    TUfc    CODPfTl    Of    UIDDLIIBX    LB-*ATIC    A*ILPM»    *t    ilAifWILL   AHIt 


ON  THE 

SANITY. 


NATURE   AND 

Pi«l  Bvo.  duib,  .lit 


PROXBUTE    CAUSE    OF 


"il  i^m  m  murh  plciuiirT  to  kUIc  (ttattfapTDfUtiHl  qF  1nft1m«il  Inralnlrft  ]q  tUi  Ul(L«  Cvufivi ^_ 

judiciDDft,  and  lliuT  tKq^'neriiliiHtFmfnu  nliicb  pervmde  the  wnrk  Uf  <ucb  u  eId  haninir  tu  Iht  btvl  uid 
beul  ofUic  WTiUTr'"— PjyrAofo^ffcrJ/ JoUfnn/. 

DR.    HERBERT     DAV1ES, 

fliHidn  fBVftiri&Ti  TO  thk  lot al  ifiriUMXiii  rox  aiikaikb  ar  rnt  ca-amy. 

ON  THE  PHYSICAL  DIAGNOSIS  OF   DISEASES  OF   XI 

LUNGS  AND  HEART.    Srcoiid  Edidon.    P«t  Bra.  clolh,  Hi. 


MR.    DIKON. 

A  GUIDE  TO  THE  PRACTICAL  STUDY  OF  DISEASES  Oj 

THE  EYE.     Puit  Itvo.  cloth,  a».  «d. 


DR.  TOOaOOD    DO^A'NINa. 

NEURALGLV;    iu    various    Fiirms,    Piilliology,   mid   Trcauncnt-      T^ 

JtOEaONlXN    PUZK   ESSAT   FUIt    1U5U.      Ovo.  dotb,  lu$.  GlJ. 


OB 


DR.    DRUITT,     F.R.C.a. 

THE   SmiGEON'S    VADF^MECUM;    with  ntimeroM   Engtsviag? 

^Vnad.  Siith  Edition.  Fo.>l8tiip  Bvn.  clolh,  li.Gd. 
"  Withoul  bnycrihc  adrcntittiu^  uilft  In  wliirh  muql  puhlimlioniDr  thr  pirsTDT  d^navOuirmc 
^Lh?  pre^ni^ua  iLrmldmp  ao-l  *iili>FiJiitnl  [Hitting  Kbicb  .ire  umollr  iu  reooutlion  ■(  li  Iflcntrr  d^bul — 
wilboul  TLkc  prcuriuF  uf  Mibk  4)r  offiEiol  dutiDi'Iiii4i  ou  tlii'  jiurl  of  iu  autbur — (lir  '  Vule  llr^vm'  b«A 
BCk^urtd  kn  tilrourillnBry  pnpularilv  in  tirfat  BriuuD,  anil  Ihe  mini  flnllcriiip  coDkmtfidaLiinit  uf  rBrdir*3 
criCii:t;  Hurli  mtimoaj  to  iU  inmuair  mcrita  but  mcuurD^d  ilA  rcpubliekUun  licic."^7Vv^^ff  ^  A^ 

DR.     DUNDA8. 

FaTftlCIAIt   TD   tUk   AOHTnKIK   UnHriTAt,   LITIftPaOL.  ETC. 

SKETCHES    OF    BR,VZILl     incimling   K.-w    views   m.  Tropical 

Europ«in  Ftter:  with  Ri'iniiflti  un  n  Pi^mnluro  Detny  of  ihc  SyMvm,  inridatl  U 
pcnni  on  ihcir  Reluru  from  Hut  CliDiiilft.     Poit  Bva.  cloth,  9i, 


SS^^s**'-^- 


?MR.  CHUECBILL's  PCBLICATIONS.  ■ 

-*f — - — »*-        V 

J  DR.   JAMES    F-   DUNCAN.  j| 

POPULAR  ERRORS  ON  TIU:  SUBJECT  OF  rNSAXlII  EXA- 

UlNED  AMD  EXFOSKD.    FoolKop  IJ>o.  chtb,  *t.  U. 


DR.    JOHN    C.    EQAN, 

POkslKmLT  IPHaBan   TO  TUB   WIKTHDKII^HII    lock    savpiTAL- 

SYPniLlTIC    DISEASES:    tueir  pathology,  diagnosis,*! 

AND   TREATMENT:    inclmling  Eipcrinipnlnl  Ik«(uvhi.>»  on  Imwulaliun.u  o  Dilfe- 
rcndnl  Agvni  in  Tr.'>ua|t  the  ChuiacUr  of  ibvtr  Afiectiuiii.     8vo.  cloih,  9<. 
"  TMa  ii  u  ialuHlliig  pnctiol  mrk,  ud  u  ludi  iL  in  mnlijr  oF  the  ■llEatwn  of  the  pnftuion." — 
LmHcct, 

SIR    JAMES     EYRE,    M.  D. 

TEE  STOMACH  AND  ITS  DIFFICULTIES.     Second  Edition. 

Poll  8to.  clatb,  j(. 

PRACTICAL    REMARKS    ON ""  SOME    EXIUUSTLNG    DIS- 

EA»£S.     SecoaJ  Edilioa.     Post  Bn.  clotb,  iy.  fiJ. 


MR.   FEROUSSON,   F.R.S., 
mopiiioi  or  BUHGVit  iM  kitic'h  cdllegb.  LutcDun. 

A  SYSTEM    OF    PRACTICAL    SUEGERY;   with  numerona  lllas- 

tnitloiij  oa  Wwid.     Third  Edition.     Fnip.  8to,  cloth,  l-i.  6d, 


OR.    ERNEST    VON     FEUCHTERSLEeEN. 

DIETETICS  OF  THE   SOUL.      Tt^,^\^i<id  Irom  d,e  Seventh  Germ. 

Edition.     FuLiltcnp  870.  cloih.  5j(, 


DR.    D.    J.    T.    FRANCIS. 

CHANGE  OF  CLIMATE ;   considered  as  a  ncmedy  iu  Dyspeptic,  Pnl- 

monary,  and  other  Chmnic  AffeirlionB;  witti  nn  Aifmnt  of  iht  moil  Eli((ihli'  Plnces  of 

R«id™ce  for  Invnlidi  in  Sytfiin,  PorlugB],  Algsrin,  Sit,,  nl  diffi'rent  Semnus  of  the  Yi'iir; 

lai  iin  A^pi'ndii  an  ibe  Minvml  Sj;riagg  of  the  Pjienci^a,  Vichj-,  and  Aii  Ji.-a  Bains. 

Pott  Uro.  clolh,  Oi.  till. 
"  Proctrrd*  from  tht  pea  of  a  intll  infnrmHi  prwrtitiniivi  and  an  ucaa|i]ulMil  pidtlaiuaD,  treJl  ke- 
qunintrd  witb  Ibff  qubjed  upaa  whiph  li£  EreiEi.'* — The  Lnv^rt, 
"  A  Ttrj  loerlLoriatu  prtfiimniim." — Medical  Timet  ond  Ontettf, 


i 


C.    REMIQIUS    FRESENIUS. 

ELEMENTARY  INSTRUCTION   IN  CHEMICAL  ANALYSIS, 

AS  PRACTISED  IN  THE  LABOllATORV  OK  UIESSEN.    Edited  by  LLOYD 
BULLOCK,  late  Student  at  OieeHo. 

Qi,'ii.rr.kTivE;  Fuurth  Ediljaii.     Zya.  cloth,  %. 

QuANTiTjTiVE.     Second  Edition.     )lro.  dolh,  15i. 

"  T  CAD  eoaflilcDllj  mummCDd  th[a  work.  Irom  m;  ewn  penonal  experiCDce.  to  ill  wbAkRdil^Mll  of 
obtftiomir  la^trtLErioD  in  iinil^aii.  \ut  iLi  lUupLieilj  nDd  luefulnCBp.  «ad  the  fHcUIIy  Mith  wbicli  ^1  lun;  ho 
kpprEhcTideLt."— ^arA4  Littig, 


mf»^ 
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MR.  CHURCHILL  8  PUBLICATIONS, 


MR.   FRENCH.   F.R.C.B., 
■DmoiioN  to  rnv  iHpikHABi  ar  it-  J4mii*i.  wiiTHiHfm- 


THE  NATURE  OF  CUOLERA  INVESTIGATED.   Se«..id  EdiS 

Ovo,  cloth,  4*. 

■■  Tbi>  ia  one  «f  ttiF  1>n(  trPAtikn  no  c\io\irr^  which  wr  htrr  lUfily  rc4d.     Hit  Uieor;  of  fhe  ikatiiK  (rf 
eboli^Fm  It  m^CDiiiniH  aad  it  nrpitd  with  uui'ticHi."— .Vn'U'iJ  Tinri  anil  Oaxetlr. 


MR.    FOVlTNEa,    PH.  D..    F.R.S. 

A  MAIOJAL  OF  CHEMISTRY;  "with  numerous  mn^iraiioiw  OD 

Fifth  Edition,     Fcap.  Svo.  doih.  12*.  GJ. 

Editixi  by  H.  Sekok  Jonm,  M,D.,  F.R.&,  aod  A.  W.  HorHUiA*  Ph.D^  F.KSL] 

"  An  ftdnimble  einontinri  of  ibc  pmcal  ti^tp  <if  chuninJ  wieacp.  Amjilr  uui  cI«Hj  wriO 
diaplHFinir  ji  ihutuuflli  pnriii^  knowlrd^  of  ilF  dctiulit  u  wcU  m  ■  prvfoond  uquuntaiie*  i 
ptincinlci.    Tlifl  illiutrabone,  uid  Eh'  v|jr>[f  g^tllTt^-up  ot  OiA  book,  mrttl  aor  hi^hotl  pruH." 
mrtd  PareigH  Jlfn/iW  Rcrirtr. 

CIIKS[ISTRY,    AS    EXEMPLIFYING    THE    WISDOM 

IIBNKFICENCE  OF  GOO.     Si™nd  Edition.     Fcp.  Hvp.  clolh,  4».liJ. 

INTRODUCTION  TO  QUALITATIVE  ANALYSIS.  PostSvo. 
CHEMICAL  TABlS.    Folio,  price  2*.  bj. 


DR.   FULLER. 

AttlfTAST  FDTftlCI&lf  TO  9r.   f^ADIflE'l  BOBFITAL. 

ON  TtlTEMATISM.  RHEUMATIC  GOUT.  AND  SCIATICA: 

their  Path»ln|^,  Sj-oiptumi,  and  Trtnbnpnt.     Svo.  doth,  I2t.  SJ. 

"We  hiivr  been  (DUc-h  p|cii»cd  by  tin  pFm«0  of  Tit,  FuLlrr**  inlmvlinf  nliime,  Thm 
mfurcci  atf  vfund  and  judicinut,  and  an  liaj^d  upoD  fhpt  foufidDliDn  on  ubicb  lU  doctritua  iB  i 
pughr  10  TMi— nnoKiIy,  clm-ml  tip-rirnc^r"— -Vrd-ffw;  Ttrn'-r  »»'*  liairrtr- 

"  \Vr  unuld  pBrEirulhfC^  n.'CLiEnaicnd  u  rAErful  ijt^nuiJ  uf  Di.  Fulkr'a  l^fcr*.  fur  Ui  (farm  will  bs  I 
ibucb  luimrl  aod  pnctiui  iDfonnitiDD.  dnWD  iram  t  Intgo  &rL^  uf  (ibtemiiun  uiil  upejioWft.**^ 
Ltmtvl. 


Third  KdiCiOf). 


DR.    QAIRDNER. 

ON  GOUT;   its  Hialory,  lU  Causey  and  iW  Cure. 

"  No  urj0  run  fiBr  from  Ihc  prnu^  of  Dr.  Udirdncr'i  tnatiK  withont  iht  innvtctlob  Out  H 
tmiiworih^  liuTurj  iif  ilic  djai^mii^, — tlml  il  coavr^*  lound  dtrvdtMint  for  ircuiinvni,— luid  than 
work  of  a  phtAlflnn  wbo.  amid  ihf  wrjir^L^^  I01J  of  a  l^rgr  and  «uiVe««fu]  pFicKiffl,  tfntf 
UiOTourldy  cuiivcrtadl  with  aJl  llit  lYnnI  ad«aDCC«  Ln  pbF»uloy;kcn]  KiBiict,  both  tt  bonw  uHla 
— JffdWdf  "' 


-Jffdwaf  Tincr. 


MR'      GALLOWAV* 


THE  FIRST  STEP  IN  CHEMISTRY.    Post  8.0.  doft, 

"  We  hcarlilj  commrnd  (hii  unprrtrDdinR  nnil  iLfLfdil  wnrk  tti  tht  hrhi*  of  aclKtEaatlc  eBtabUaliantq 
tnd  to  orhcri  »ho  an  anxkoua  To  iniiuU  tbtir  pupils  m('>  tli»  priji^pLn  of  a  mvai  fucibaUnf  k^  j 


A  MANUAL  OF  QUALITATIVE  ANALYSIS.    Post  8to. 


^'Thkt  tt  reall;  ■  Ta]i]ftljl«1ii(]c  ^lonk.      Wr-  hiiyc  nui  for  k  todg  tunc  ract  «itb  Bii  4Btiif4«a«t  M^^ 


whicb  ID  compli-Lclf  fiillUi  lU  iDlcntloa/' — AtAen^Km. 
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MR.  CHUECHILL's  PUBLICATIONS. 
-♦(- ^ — — 


MR.    ROBERT    OARNER, 
■uietoK  TO  TnB  nOBTa  lurniiDiBiii  ihiiihait,  rrc. 

EUTHERAPEIA;  or,  an  examination  of  the  principles 

OF  MEDICAL  SCIENCE,  inclading  ReMsrcbe*  od  the  Nerroiii  Sf  Btem.     lUulnUed 
with  9  EngTaviiigB  on  Copper^  and  EngraTiagi  on  Wood.     Sto.  doth,  8«. 


DR.     OAVIN 

ON  FEIGNED  AND  FACTITIOtrS  DISEASES,  chiefly  of  Soidiera 

mid  Smneni  on  the  inmii  lued  to  umnlate  or  ptodace  them,  and  on  the  beat  Hodea  of 
diKOTering  ImpoMon ;  being  the  Priie  Eusy  in  the  Chui  of  Militacj  Surgei;  in  the 
UniTenity  of  Edinbiugh.    8to.  cloth,  9l 


DR.    QUOVER. 

.,  ON  THE  PATHOLOGY  AND  TREATMENT  OF  SCROFULA; 

bein)!lhePorthergiUiRDPnieEHa;forl846.    Willi  Pl&to.    Sto.  doth,  10*.  M. 


DR.    ORANVILLE,    F.R.a. 

ON  SUDDEN  DEATH.    Post  Svo.  cloth,  7.. 

'^Aboonditig  in  illiutjttiofu,  which  ve  ofboi  Btntin^uid  ■ppropriAte/' — Me^kml  Ttmet  tnJ  Goxette. 

"  Hie  cPtiK  quntujD  i*  tomadFivd  b^  the  bithor  in  a  philoKiphif  itjJe,  and  the  btcti  cantuped  pre* 
Kntcd  in  eJoqnCdt  lugVffCj  Indeed,  WB  hafe  been  churned  vith  I>t.  OtutUIa*!  book."— DiiMt 
Qmarierlf  JtmrmU^ 


MR.    QRAV,    M.R.O.8. 

PRESEBVATION    OF    THE    TEETH   indispensable   to   Comfort  and 
AppHlance,  Health,  and  Longevitj.    ISmo.  doth,  St. 

"  Tin  naaii  volntDft  vill  b«  found  intercstinff  ud  ntefol  to  enrj  medicBl  pnctitioner,  the  headi  of 
Emilia,  lud  tho^e  who  hnn  Ifae  oze  of  cUldjtn ;  whUe  pervont  vho  hkn  loat  toeth  win  be  nude  wwtn 
of  the  oiue.  ud  enabled  to  judge  (n  thenuelm  of  tbi  nUonile  of  the  priDdplea  pointed  out  fur  thai 
nplacemcnt,  and  prtfemtlon  cJthi  irmaindg-." 


M«,   GRIFFITHS. 


CHEMISTRY    OF    THE    FOUR    SEASONS -Spring.   Smmner, 

AntDina,  Winter,      iltutnted  with  Ecgnvinga  od  Wood.      Second  Edition.      Foolnap 
Bto.  doth,  7..  6d. 


fouEha  commendnE  the  atud^  of  medicine,  batb  m  im  uiccDliTf  to  their  natunl  enrindtr,  mod  an  U]tn> 
duelioB  to  KTcTal  of  thoH  hranehea  of  Kicnee  «hkh  will  neccnsilj  aoon  oceupj  tbar  attention."^ 
Britli*  ami  foreign  McdiiaiHrilew. 


^fe<9e--^ 


HE.  CHDBCUILL  S  PUBLICATIONS. 


DR.     HEADLAND. 

ON    THE   ACTION   OF   MEDICINES    IN    THE    SYSTEM. 

Being  the  Prite  Euaj  to  which  ihe  Medical  Society  of  London  awanled  the  Fothi^r- 
gillianQotd  Medoifor  18£2.    Second  Edition.    Bvu.  cloth,  lOt. 


MR.    tJOHN    HILTON,    F.R3, 
■uifimoH  TO  eoi't  aoapiTXL. 


ON  THE  DEVELOPMENT  AND  DESIGN  OF  CERTAIN  POE- 

TIOKS  OF  THE  CRANIUM.  I1lB»tnited  with  Platw  in  Lithography.  Bto.  cloth,  6». 


DR.     HINDS. 

THE  HAEMONIES  OF  PHYSICAL  SCIENCE  IN  REUTION 

TO  THE  UIOHER  SENTIMENTS;  with  ObHryationi  on  Medical  Studies,  and  on 
the  Monl  and  Sdentific  Relation*  of  Medical  Life.    PoaC  Std.,  cloth,  5i. 


MR.    O.   HOLTHOUaE, 

JltlllTAUT    IDaOlOll    IHD    laCTCaiB    OH    AHATOKT    TO    TBI   WB>TU11iaT(a    VOIPITAL. 

LECTURES  ON  STRABISMUS,  delivered  at  the  Westminster  Hospital. 
8to.  cloth,  ti. 

*'  Wa  liaTe  penned  Ur.  HoltluHiH*!  levtoret  with  much  pleanm-  Thej  coDtaid  not  oaly  mn  Acciuvte 
■xpoaictoD  of  the  prfndpLn  upon  wbid  the  mtmeat  of  the  diBorder  ihould  be  coodiictcd,  bnt  aljo  va- 
rioiu  origiDal  mgi^efttiDEu,  wtoeb  will  prove  oteful  to  tbe  ocolUt  or  turgooa  in  petiomuDg  llie  opentioD ; 
tm.  witti  all  it*  improremootB,  it  Ima  not  hittuvtc  proved  eo  iDTariabJj  wtieftctorT  m  might  be  de^reid." 
—E-Ont^gli  MimlUt  Jomnmi. 


DR.    W.    CHARLES     HOOD, 

lialDlHT  TITaiCIAII  aHD  aDraaiHTaiDIHT  of  KTHklll    doititjil. 

SUGGESTIONS  FOR  THE  FUTURE  PROVISION  OF  CRIMI- 
NAL LUNATICS.     Sto.  cloth,  61;  64. 


DR.    HENRY    HUNT, 
MlMlaft  OP  tat  aoTAi.  coLLioa  ot  raTaiciAvi,  ldhdon. 

ON  HEARTBURN  AND  INDIGESTION,    svo.  cioib,  5.. 


MR.    THOMAS    HUNT,    M.R.O.S. 

THE  PATHOLOGY  AND  TREATMENT  OF  CERTAIN  DIS- 

EASES  OF  THE  SKIN,  generally  pronounced  Intnctable.     niuitraled  by  npwnnii 
of  Forty  Cue*.    Gto.  cloth,  St. 

"We  have  Knind  Ur.  RnnCi  practice  oceedlnglj  eBceoihil  In  ktr*  olxtiiiate  ctma."—Braill. 
wsUc'e  Rrlntiptct  i>f  Mt4ldnt. 
"The  facte  and  Tiewe  bvbrinn  forward  enuDCDtlf  merit  att«ntioa." — BritUXand  Foreign  Medi£at      \  r 
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MB.  CUCRCHtLL  S  PUBLICATIONS. 


DR.  ARTHUR  JACOB.   F.R.CS, 
rwircavj^or  ah  Atom  avo  TvrtiaLDCi  in  thi  vhtal  collech  or  ■□iccokt  iv  ikilasd. 

A  TREATISE  ON  THE  INFLAirMATIOXS  OF  THE  EYE-BALL 

Foobap  Sen.  ctolb.  5r. 


OR.    HANDFIELD    JONES.    F.R.3. 

PATHOUKilCAL  A?fl)  CLINICAL  OBSERVATIONS  KESPI 

INO  UORBID  CONDITIONS  OF  THE  STOMACH.  CoUbrhI  PUm. Bto.  dotli, Sk. 


=;PECP| 


DR.    HANOFIELD   JONES,    F.R.&,   A,    DR.    EOVATARO    H.   SIEVEKINQ. 

A  MANUAL  OF  PATHOLOGICAL  ANATOMY,    iiin.tn.wd  *id. 

nunKniiu  Eognvingi  on  Wood.     FooIk.ip  Hid,  rloth,  1^.  SJ, 

*,*  Mr. Chnichillu  happy  iiinnocnin«ihl>iuldili«ui]To1ame  to  hi»  Mamitth. m J  lnJiw 
it  irill  be  tbund  fullj  u  nutain  tbo  high  RpiiUtion  which  ihe  Setica  bat  anained. 


? 


MR.     WHARTON     JONES.     F.R.6. 

A   MANUAL  OF   THE   PRns'CIPLES  AND   PRACTICE 

OPHTHALMIC  MEDICINE  ANP  SUROEBV;  iUaitnited  wiUi  EngntingK.! 
aod  colooTEii.     ^^ofid  KdUioit-     Fooltap  Hvo.  cloth,  ]2l  6d. 
"  Wc  mi  uaun  ilculedtB  thai  ih^y  cttinat  mart  «i[h  a  bmnd-book  on  tliis  aobJKf  ttiM  W 

"  Wfr  enUrUin  little  donbl  Xh%i  Ihia  woik  «ill  b«coiD<  a  mMiini  fnr  dkOf  nlwnHC  md 
by  the  lUidflnL  ud  (rCDeml  pmcUtioDdf,"— ifriftiA  aurf  ForrJfn  Medial  Jtninr, 


.^a 


THE  W1SIK)M  AND  BENEFICENCE  OF  THE  ALMIGHTY. 

AS  DISPLAYEID  IN  THE  SENSE  Of  VISION:  being  tho  Aclonun  Ftitt  Emj 
Tar  IB5I.     With  lUutinitians  on  Stei-t  and  M'ood.     P'mlxsp  Svo.  dolfa,  4ii,  tU. 

"A  fli  Kqnal  to  Ibe  Bhd«»iilFi  TruIuh  :  il  ia  ptulMnpbiaU;  iDd  idnunLI;  wntUn.' 
aatillc. 
"TliiamBIuF  iHcmhtHln  tljlt  of  tnaUsenl  IlKfunau  Brid^nUer 'nwUHc 


I 


OR.    BENCE    JONES,   P,R.8. 

ON  ANIMAL  CHEMISTKY.  in  il*  rdalioo  lo  stomach  and  REN 

DISEASES.    8vo.  cloih,  6a. 
"Tbc  wafk  of  Df.  Bcnn  Jonei  a  dof  of  IhB  moit  philovophu*!  ad4  pnrtidl  irbich  lu*  IrmiffJ  i 

'-  Dr.  Bruce  Jon*»  i*  ulroBdy  fmyourably  knowD  u  Xbr  iiilharof  voikiuid  papen  on  vlUulch ,,, 

and  Lbit  ?oDihbuLJOD  id  IiLa  fmrDimtF  icicnrf  ■■  calrulatnl  id  eitcud  turn  rvpuUiura  ta  mm  *Ua  ^t,^*,*-^ 
and  aound  phyaidaji.^^ifO'kfjtJjr  MpittCat  Jmtrnml^ 


MR.   KNAOQa. 


,1* 


UNSOUNDNESS  OF  MIND  CONSIDERED  IN  REUTION  TO 

THE  QUESTION  OF  RESPtlNSlBlLITy  IN  CRIMINAL  CASES.    8w.*k«k, 
4-.  GJ. 


:j 
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♦I-- _  _ 

HB.  Churchill's  publications. 

■-•4 — — — 


MR.    LAWRENCE,    F.R.8. 

A    TREATISE    ON    RUPTUEES.       The   Fifth  Edition,   conBideraWy 

enlarged.    Sto.  dotli,  16i. 

"  It  mnit  ba niperfiaoai to apna OUT opinLou <rf its Ttlne  1o the mrgiAl pnwtjCiova.  AM%tivtl^M9 
OD  hemm,  pTeKUdbftft  compLece  vuif  of  cbt  litBntunof  the  aubject,  i<  •uml*  in  Ihn  firac  nuk.'^  — 


MR.    LAWRENCE,    M.RX>.8. 

THE  DIAGNOSIS  OF  SURGICAL  CANCER.     The  Liaton  Prke 

Ehb;  tor  1854.     PlaM,  8to.  clotfa,  *•■  U. 

OR.    HUNTER    LANE,    F.L.S. 

A  COMPENDIUM  OF  MATERIA  MEDICA  AND  PHARMACY; 

adi^ited  to  tfae  London  PhunucopiEia,  1851,  embodying  all  the  new  French,  Atneiican, 
and  Indian  Hedidnes,  uid  b1k>  compriaiag  a  Siuamiiif  of  Pnctica]  Toxicology.  Second 
Edition.     34mo.  cloth,  B>.  %d. 


MR.    EDWIN    LEE. 

THE  WATERING  PLACES   OF   ENGLAND,    CONSIDERED 

with   Hefeiencs  to  tbeii  Medical  Topography.     Third    Edition.     Foolicap  Svo.  cloth, 
U.6d. 

THE  BATHS  OF  FRANCE,  CMIRAL  GERMANY,  &c.   Thirf 

Edition.    Port  8td.  cloth,  6>.  td. 

in. 

THE  BATHS  OF  RHENISH  GERMANY.   Post  svo.  3.. 


MR.    HENRV    LEE,    F.R.O.S., 

■UBOIOIT  TO  fdB  L9CK  HOIFJTAl.. 

PATHOLOGICAL  AND  SURGICAL  OBSERVATIONS;  iiidnding 

■n  Euny  on  the  Surgical  Treatment  of  Hemonhoidal  Tnmori.     8n>.  cloth,  7>.  6ii. 


OR.   ROBERT     LEE.    P.R.S. 
I. 

CLINICAL   REPORTS  OF  OVARIAN  AND  UTERINE  DIS- 

EASES,  with  Couiienlanu.     FoolKap  8to.  dotli,  6i.  6d. 

n. 
CLINICAL  MIDWIFERY  :  comprising  the  Hifltwiea  of  545  CasPB  of 

Difficult,  Pretematnrai,  and  Complicated  Ijibonr,  with  Commentaries.      Second  Edition. 
Foolscap  8to.  cloth,  Si. 

'*  Udr  inatmctiTe  to  EhflJufenilF  pmetitioan  thsD  SKore  of  ijitcnulic  worki/' — Lanett. 

"  Will  be  conntted  bi  ereii  ■eeawUHOi  who  pnctiKt  hu  ut  with  the  seU  wbiih  it  meriu."— Veili. 

"A  storehanH  of  Tslu^de  hcia  nod  precedents."— Jnmcaii  Jatrmat  e^'  Uie  MeiiaU  Seimca.  T 

IIL  T 

;i  PRACTICAL    OBSERVATIONS    ON    DISEASES    OF    THE  i 

S-  UTERUa     With  coloured  PUl«.    Two  PaiU.    IraperiaHto.,  7..  M.  each  Part.  9 

^^^0e^.^f- — — v^^>«^ 


^fc^"^-^ 


MR.  CHURCHILL  S  PCBLICATIOS8. 


MR.    U9TON,    P.R.9. 

PRACTICAL  SURGERY.    Kouitii  VAiiim.   e^o.  doth,  22«. 


LONDON    MEDICAL    SOCIETY    OF    OBSERVATION. 

WHAT  TU    UBStRVE  AT  THE  BEI>-SIItE,   AND  APT 

UEATII.     Publlihcil  \nt  Aulharity.     Snniid  Ediliuiu     K«d>np  Sva.  elaili,  4a.  f4. 


MR,    EDWARD    P.    LONSDALE, 

ftUlfilEOH  TO  TFIH   loVAL  l>ITaur«t>IC  UoiriUhL- 

OESraVATIONS  ON  THE  TREATMK.NT  OF  LATERAL 

V-^TntE  OF  TIIE'S^PINE.     Scpoiid  K^lilum,     rivn.  dath,6j(. 

■'  Vf  woikl^l  wL»]i  tbit  (hiB  tTcttivr  on  lairtkl  curwlurv  of  tht  •purt  ivm  erffcrnllf  iT*d.  «iif<  «iu% 
IfiuifUDrr  ]prH  vul*  cvnrpTuu^  (Jje  «uIpitI,  unit,  cNtbKi^ui'Uily,  ii  |frf«rai»  ita  acbiilc  ncEcJ  fur  llV  <|ii9ck, 
bnd  jiTi  i»[i|>[ol»riiini  ii>  'be  prcfi'-aaion."—  L"^cl- 


I 


M.     L  U  O  O  L. 

ON    SCROFFLOUS    DISEASES.        Trniisl„t«i    frum   the   French,  w' 
Adilitimi.  I.)- W.  ILRANKtNli.  M.U.,  rhj>«-ii>ri  in  ihs  Sutf'.lk  rtiwrnl   Hi»pii«L 
Hvo.  dmh.  |1».-<W. 


MR.    JOSEPH     MACLISE.    P.RC.S. 

SURGICAL  ANATOMY,      a  Sii-ict.  of  DiBseciions,  iliuetniting  tiio 

cr|i]il  Rrj^ionn  oribi^  HuniJiii  llnHv. 

'rhr-  ujiKuluT  •urrpw  of  ihi>  Work  ritiftiiiird  ihp  Fint  Edition  of  lOOO  Co{>ic*  ^i 
mollllll  nf  ili  ciilli|iiL'linll. 

The  r^rnnA  Hdilinn,  iiftw  in  mnrv  of  |iiiti)iaitiDD.  f'awlrull  t.  in  IX.     I 


MR.    MACILWAIN, 

ON   TUMOURS.    THEIR  GENERAL  NATURE  AND 

MKNT.    «i",fl..ili,  r<.. 


AN   EXPOSITORY  LEXICON  OF   THE  TERMS,  ANCIENT 

AMI  ^!unl':lt^,  in  WEHICAL  ami  CKNKU.M.  SCIFSCE,  imludmc  j  nm- 
pin..  MEinCAT.  AMI  MKll  11(1-1, KC; A L  VtX'ACri.AKY,  mill  [ini«iiln  lie 
ciinitl  Pii>imiii-liiliiiii,  ll.'ii<ill«iD,  Pi*  nil  inn.  irnd  Kiiilntinliim  of  llit  N*ll)l»,  AaiiU 
S,VDi>nyitirB,  and  Piimt^F.'*  (in  Knizlt^h^  l.nui>.  f^Trrk.  Kroncb.  nnd  Cimjiioi,)  mpln^'fl 
ticisoce  and  connntcd  witii  Mrdinnf.     I'aru  I.  to  IV..  pricr  5i.  nub. 


DR     WM.   H.    MADDEN 

THOUGHTS  ON  I'liL-MdNAKY  ('ON.SI  MI'TlON 

di^  nil  the  Cltmuii?  uf  Torqiuiy.     Pnii  Kvu^flulh,  5i, 


I 


^illi  an  Ai*i*U' 


philoi-'pli^udJ  Urim'aiiiff.     Wr  t^urdiiiJj  rFc^iiniiirDct  our  Kulrrih  lu  pcrux  thi*  [aatrtirCin  bMtkt^  IWj 
Ticm  l*rh>uHhi  lur^^ril  wt<-  mch  u  Co  mrtit  []>n:ful  illcnthiD  fnm  ttcrr  candLd  i  *     " 


^<»«^-«- 


r--** — ^ **"'^ 
MR.  CHUECHILt'a  P0BUCATI0N8.  B 

OR.    MAfiTIN, 

THE     UNDERCLIFF,    ISLE    OF    WIGHT:    ite   Climate,    Hiatory, 

ud  Natural  FroductionB.     Poflt  Bra.  cloth,  }fh,fid. 

"  Df,  Ifvtia  hu  readend  good  ■errice  to  pfttunCi  and  pnclitionBm  bj  the  pubUadoaarthuirark." 
—MeJicai  Quxette. 

"  A  ^mt  Tuvtj  of  lafOnuMlon.  cotlKted  vlth  nmeh  I»boqr,  uid  to  nffnobly  pLB«d  before  tb« 
gmenl  ud  pTofaaiwJ  rcukr,  wpaX  blfhtj  fn  tiie  («l  and  AluUtf  gf  the  HUbor,"— LflBicef- 


OR.    CHARLEa    D,   MEIQ8, 
rBOrEMOU   OP   Hiowmav   and  thi    dlibaivi    or  vomir   ard  cmtDOh  in  jemiiiok 

HKDECAI.     CDLLIQI,     tJ.<, 

t  A  TREATISE  ON  ACUTE  AND   CHRONIC  DISEASES  OF   * 

THE  NECK  OF  THE  UTESUS.     Witli  muneroiu  Flaws  coIinitEd  and  plain,  8to. 
doth,  2^. 


DR.     MASON, 
iiTTaHToa  or  nAaDv'a  aTDioBiTBa. 

ON  THE  CLIMATE  AND  METEOROLOGY  OF  MADEIRA: 

Ediled  b;  JiHU  ShibIpin  KrowlIS;  to  vhich  an  attached  a  Review  of  the  State  of 
j^rkultare  and  of  the  TeDun  of  Land,  bf  Gkoibi  Pucock,  D.D.,  F,R.S. ;  and  an 
Hiitorical  and  Deuriptive  Account  of  the  Iiland,  and  Guide  to  Viijton,  b;  JoBIt  Dritih, 
CodiDl  for  Greece,  Madeira.    Sto.  cloth,  ]St.i  roj^  Sto.  ^1.  lU  6d. 


OR.    MASSY, 
«TB  t-icHT  Daiaoaxi. 

ON  THE  EXAMINATION  OF  RECRUITS;  intended  for  the  Ubo  of 

Yonng  Medical  Offic«rt  on  Entering  the  Annj.    8vo.  doth,  .li. 


MR.    JOHN    L.    MILTON,    M.R.O.S. 

PRACTICAL    OBSERVATIONS    ON    A    NEW    WAY    OF 

THEATINO  GONORRHfEA.    With  wme  Renuriu  on  the  Core  of  Inv«ientr  Cbh*. 
8td.  cloth.  Si. 


I 


OR.   MONRO, 
pkLLOv  OP  THa  aoTaL  coLLBoa  OF  rsTaiciAiia. 

L 

REMARKS  ON  INSANITY  ;  ita  NMore  ud  Treument.   8ro.  cloth,  6<t. 

**  We  ftcd  t}iF«ifbDat  Lli  pMci  vridmc^  of  ■  Ughl^  cnLEitstBd  mind  wltboat  uu  UflUipptaDD,  uid  ask 
hoacit  ipLiitof  ipquiTjBurkeab^ffot  jc«l  uid  ui  ««»■■(  daii*  ta  aAdmI  *  hvlpUiff  bud  labcneflt  Ibe 
eonditkon  of  Ibp  uiuae-"— iMMm  Ifi^rtrrtg  JtummS- 

AN  ESSAY  ON  STAMMERING,   svo.  2*.  w. 
A  ui.  \ 

S  REFORM  IN  PRIVATE  LUNATIC  ASYLUMS.     8vo.  cloth,  4..    » 


-»€- 


MB.  CHDRCBILLS  PUBLICATIONS. 


^ 


-<M -~ ■ 

DR.    [VtlLUNOEN. 

*    ON  TITE  TREATMENT  AND   M.tNAGEMENT  OF  THE  IN- 

i^ANEi    with  CnnaidsntiuiiB  ao    I'lililii:  nnd   Pritiilc  Lunutic  Aijluou.     lUmo.  cluUi, 

4i.  («'. 
"  T>r.  MillinKpn*  in  «iw  ■mkll  jmrhet  TQltimF.  hw  mmpreued  mare  ml  >»lid  mailer  llukq  i 
i,f  fienncd  ma  of  Rnj  Uui'-n  irF  vcIhvpu  on  thr  AAfhc  iubject-     VTc  crroaaaead  [hi*  Tkde  macam  i 
hal  rlk*>i^  uf  rJic  Viinl  WErvci  pcrUBCil-" — Dr.  JuknKm'9  ArTqrv. 


□  R.     NOBLE. 

ELEMENTS  OF  r,SYCnOLOGTrAT,  MEDICINE:  AN  INI 

DUCTION  TO  Tilfi  PRACTICAL  STUDY  OF  INSANITY.  Pn-lBvo.  clolh.7..W, 

THE  BRAIN  AND  ITS  PHYSIOLOGY.    Tobi  8vo.  doth,  g*. 


DR.    J.    NOTTINOHAM. 
BDkaton  T"  TdK  tr.  aprk'h  iti  and  ■*■   rrnTiTrTion.  LiviirnoL. 

PRACTICAI,  OBSERVATIONS  ON  CONICAL  CORNEA. 

oa  tbs  Shun  Si|;hl,  utd  other  Defects  nf  Viriim  cnnnecttd  with  it.     Sva.  ctoth,  Im. 


MR     NOURSE,    M.R.C.S. 


TABLES    FOR   STUDENTS.     Price  Oae  ShiUing. 

1.  niriBiiiiiB  iitid  ClufoB  nf  ihr  Aoinifll  Kingdom. 

2.  ClaaKi'B  mid  ( irHcrs  of  tiip  \'prlphratr  SLili-kiiigdnm. 

3.  Chiue»  of  the  Vegetable  Knigdr>in,  ALTOj^in^  lo  llie  Nntiml  iind  ArtlficULl  Sy 

4.  Table  of  the  Elemi^nlj,  willi  thrir  Chi™iaii  Knuiralcnt*  and  Sjmlwli. 


MR.    NUNNELEY. 


A  TREATISE  ON  THE  NATFRE,  CAUSES.  AND  TREATMENf 

OF  ERYSlI'liLAS.     Ovo.  cloth.  I(j».  Hd. 


^rfort   (SlittuinS. — Editfd  b;  Dr.  Gkeenhill. 


I 


L  ADDRESS  TO  A  MEDICAI,  STUDENT.     Second  Editu.n,  IBino.  dolh.  Sd 
II.  PKAYEKS  FOR  THE   USE  OF  THE  MEDICAL  PROFESSION.     Seoxid 
Kdition. riolh,  li.  fx/. 

III.  LIFE  OF  StU  .lAMES  STONHOUSE,  BABT.,  M.D.     Oolh.4i.«i(. 

IV.  ANKCDOTA   SYDENHAMIANA.     S-coii,l  Edition,  I  Hmn.  2.. 
V.   LIFE  OF  THOMAS  HARRIiWN  BURDER.  M.D.      I Bmn,  tUh,  4.. 

BURDER-S  LETTKRiS  FROM  A  SENIOR  TO  A  JUNIOR  PHYSIC! 

UN    PRaHOTINO    TBK   RELKljriljS    WEI,r«RE    ill   UtG    tXTIERTE.        I  SdiiI,  tCVfj,  I 

LIFE  OF  [iEOI»;E  CHEYNE,  M.D.      l«mo,  w»ud.  2*.  (W. 
HUFEI^ND   ON   THE   REL.\TIONS  OF   THE   PHYSICIAN   TO 

eiOE,  TO  TBI   rOBLIC,   IHU  TO   ttIS  COI.I.Eial*E$.      ]  Kmo.  icwvd,  %i. 

OISDORNE  ON  THE  DUTIES  OF  PHYSICIANS.     Iflmp. -mJ,  U 
LIKE  OK  CHARLES  BRANDIlN  TRYK.     IHnio,  ^.■wpd,  U 
I'EHCIVAL'S  MEDICAL  KTIIiCS.     Thiri  lwllli.>n.  Kim...  cloth, St 
CntlE  OK  ETHICS  UF  THE  AMERICAN  MEDICAL  ASSOC  I. ATI  Of 
WAKK  ON  THE   DUTIES  AND  yu  A  I.I  Fl  CATIONS  OF  PHYSICIJ 
til. 
XIV.  MAURICE  ON   THE   RESPONSIDIHTIES  OF  MEDICAL  STUDE 

XV.   FfUSER-S  QUERIES  IN  MEDICAL  ETHICS.     M. 


VI. 

vn. 

VIII. 

rx. 

X. 
XI. 

XII, 
XIII. 


:^ 


-«- 


-JO- 


MR.  CHURCUILLS  POBLICATIONB. 


-^- 


-JO- 


MR.    p  A  <a  E  T. 

A    DESCRIPTIVE    CATAIX>GFE    OF    THE    ANATOMICAL 

MUSEUM  UF  ST.  B.^RTHuLOMEWS  HOSl-ITAU    Vol.  L  Mnrliid  .AnnHiurr. 
Hvn.  cluth,  5d. 

DITTO.     VsL  II.     NnUinU  otid  Cangvnilall;  Ualroniied  SUuclunw,  and  Liito  of  ihc 
MihI^Ia,  CoBtBi  Drawin^k  and  DioffraiuB.     &I, 


MR.    LANQSTON     PARKER. 

■  IJIGKO;*  TD   QCBKA'h  UOBriTA-l,,    BIHMlTiGnAH, 

THE  MODERN    TRE.\TMENT   OF   SYPHILITIC  DISEASES. 

biilh-  Primary  and  Secunjiirj ;  couiprising  [Jic  TieoOnfiil  nf  t'uiiatiliiliniinl  imd  Curilimn-J 
Sypbilu,  by  s  mie  and  aucceHful  Mvlliod     Third  Ediliuii,  Uio.  iliilb,  lUi, 


DR.   THOMAS    S.    PEAOOOK.    M.O., 

AMItTAhT   PUTBICIAH    TO     BTr    TllOHAS'i     noAFlTAL.    VTC. 

ON  THE  INFLUENZA,  OR  EI'IDEMIC  CATAIUIHAL  FEVER 
Of  liui-a.    iiio.  d"ih,  .■«.  (iJ. 

"  Wb  know  of  ba  woriL  «Uch  tfoatalEW  a  nwn  «rapl«lv  deaci^ptloa  ot  tbe  iLkuc,  lad  it*  wmpba- 
IIdu."— Lwml. 


OH,    PEHEIRA.    F.R.a. 

SELECTA  E  PRiESCRlPTIS.     Twdftii  Edition.     Sliuo.  cUl.,  6.. 


ON 


MR.    PETTIOREW.    F.R.S, 

SUPERSTITIONS    connoctod   with   t[ie   IlUtory   and    Practice  of 

Modk-iiip  and  Surgi-ry,     Uva^  cbfil^.  7*. 

"  Tbc  ojipcdota]  charmcler  uf  thii  work  ruinol  fni]  tq  rendfr  U  griicrillj'  vrcpuble^  whUd  thd  ^i>J 
koiuc  ih&t  pervAdH  ■(<  m  diitUtit  from  cmplr  dedunatlun  u  from  ^baurd  endulily.  ttUDp*  U  »itb  (me 


MR.    PiRRrE*    F.R.S.E^ 

IIGIDI    TAQriflBOS    OP    SlTkCiKHI    tfl    TOM    UTHVIHfllTt    Vt    AtmtbWiSt. 

THE   PRINCIPLES   AND   PRACTICE   OF    SURGERY,     wiih 

RiuDErous  Engravingt  on  \V\iod.     tivo.  cloth,  'JU. 

*^  ProfeBBQr  l^^nt  hu  fiThtut^d  a  H-i>rh  vliirh  it  cr|Eialty  wort^r  <'f  pi^'C  M  an  acImiraMr  li^il-ljouk 
for  tiirRiHTu]  pupils,  and  v  ■  luMjk  i,f  irirrrnr^-  fur  ciiitncurtd  pnu'iiti^^nm.  We  rrjokcc  lo  linJ  tlml  tbe 
rbur  o^  lur^ry  ■«  ao  aJilj'  flilcd  ui  Abcritcen.  -  ^  .  -  Profuaur  Finit'a  vork  u  dcAr  ami  iruBtworlhj. 
AIL  rcccDt  LmproTnocDta,  icU  Of  pRluded,  iUBjiHlkioual>  anil  fliJn(LbJL]r  di>cuiacd/'--£xVf»drw /tritriiuJ 


PKARMACOP(EIA  COLLEGII  REGALIS  MEDICORUM  LON- 

DINENSIS.     Bvo.  glolh,  9i.i  or  Slmo.  6». 
I  a  MI  Mi  TC  a. 

lilt  libtc.Fui  lituliis,  Pu^iRMAcoroiti  CoLiEeii  UEOjiiis  Mgdicorum  LomniBiiaa. 
Datum  1:1  j£dilius  CullL'gii  in  comjliis  ccnsoriii,  Nuvembrig  MeiisU  H"  IBfiO. 


!!<«tf— « 


rz 


MB.  CHUECHILL  8  PUBLICATIONS. 


d 


PROFESSORS    PLATTNER    &    MOSPHATT. 

THK  USE  OF  Till-:  BLOWPIPE  IN  THE  EXAMINATION  OF 

MISKIUI-S,  ORI-:S,  AXD  OTUEU  MCTALUC  COMBINATIOXSl     Uliuiniied 
by  nuniprpiiH  Eni^via^  dn  M'ootL     Third  Eilitino,     firn,  daih.  ilh-  tiff. 

•,*  Tbit  E'liiimi  biu  brcn  mm  carrfully  miicd  by  Pn)(e»or  MC'CPKitt,  aod 
frttm  him  comidmblB  odditioni. 


asrafl 


THE  PHESCRIBER'S   l'HARMACOP(EIA:  «."i^nmg  .uibo 

rinm  ■■■  tlip  l^ndiin  P]i;brnmi:i>[>arui,  amn^'d  in  CUmh  ouxinlm^'  in  liicir  At^ion.  with 
ihrir  i^itiifritnitrnfi  am]  LXibi-»-  By  a  Pracitang  PLjiidkU.  Fuurili  Edition,  52iD0« 
clirth,  24-  *vLi  iwui  tuck  (fur  ih«  |hickflt}f  3ii.  &/. 

"NcBfT  vo*  htU'«-m><«n  Ji«irfr  tpeot  ihui  in  the  pntrhiur  al  lia» '  ThttturuM  MfMr^mtamm.*    TIh 
Ultlc   iVHjEk,  nitL   oar  vitkUn^-Jittok  kad  iictb«CD|>E.  we  Dur  dui;  faupuuom  in  the 


8LR    WM,    PYM.    K.G.M,, 


tcview    trt 


OBSERVATIONS  OPON   YELLoW  FEVEH.  wUh  «  Rcvi 

"  A    ll''{ii>rl    ii)in]i    thr    I)l>«iw>  uf  ibp    Atrlciin    Cmtl.  by  Sic  Wm-   Drum 
Dr.  Blirwm,"  proving  iu  highly  ConWgiuu.  fuatn.    ViM  8io.  A>. 


DR.    RADCLIFFE, 


IHTITANT  CUTIJCHS  TO  tB> 

I, 


vtiTMinvtxn  ■oariT*!- 


EPILEPSY,  AND  OTHER  AFFECTIONS  OF  THE  NERVOUS 

SVSTRM  which  nn  mnrknl  by  Tnmitr,  Cnn'ttlUDii,  ar  Spurn :  iheir  Paltuiln^  aai 
TrTiitmcni.     Bvo.  ciiitb,  Si. 

"Thi>Bk«(rh  *ill  ''•rre  Ea  nuk''  out  rviArn  mir  of  Ihr  icapoFldnl  imCBir  of  tixt  bouli  nadrt  niriic*. 
guOclenl  hu  hnn  uid  (a  •how  llil  (r-iunili  U|icin  whlcl]  l)i.  Kadrliff'  hnpu  la  rttra  ■  RHoplcle  rcr» 
IntHHi  Ln  All  Amtu-r*  rvlaiinjr  to  the  psibolorTuid  tFfimp«ai  4<  rpilc pa;  tfd  tbecc^atr  di*Drd«vnd. 
le  ttimulBte  inqainr*  to  rud  tht  boak  jivflf''*— TAr  Ltaarrt- 

II. 

PROTEUS;  OR,  THE  lAW  OF  NATURE    8vo.  doih,  6 

■IL 

THE  PHIIflSOPHY  OF  VITAL  MOTION,   svo.  cioih,  fa. 


OR.    F.    H.    RAMSBOTHAM, 

THE  PRINCIPLES  A.\D  PRACTICE  OF  OBSTETRIC  Iw- 

CINE  A.N II  yL'ROEIlY.    IllaBlmlffll  witli  Oni  Huiidrrd  aud  Twiinly  Plat<v  na 

and  H  wnii  funiiiug  one  thick  hmdniue  valudic.     Thiid  Ediliun.     flvo.  dolh,  JSi 

■■  Vt.  R»ni.l.olK»in'.  Bork  ti  »  wtU  known,  uid  fa  luahlr  ■pproTfld  bl  Ihi  Bnfnriw  *•  % 
rflctrnrf  and  .i.lhnni,  ,n  Dhutclric  mriljcin*  and  •uil-rj.  Ihm  .e  d«I  do  UiiIb  bk.  Iku 

-llinilcin  nl  oui  i™i«.  lo  Ibc  piiblicu^ori  o(  •  lli.H  mlition.    Wllb  rrsud  Iu  Ihj  imi-.: 

wk'"— iS"!'  '"""^  ""'  •"  ■'""'"■"'■■.  "■•'  "'"J  ■«  in  ihmiclrt.  *(mb  tta  •SSmtM^ 


~»t- 


^ 


£  MR.  CHDECUILL's  PUBLICATIONS.  fi 


X  DR.     HAMSBOTHAM,  f 


COKIDLTINC  PBTIICIAN   TO  TBI   lOTAL  H&TllhlTT  CB&IITT. 

PRACTICAL  OBSERVATIONS  ON  MIDWIFERY,  with  a  selection 

ofCBKL     Second  Edition,     tlvo.  clotb,  t2i. 


OR.   RAr4tCINQ    «i    OR.   RADCLIFFE. 

HALF-YEARLY  ABSTRACT  OF  THE  MEDICAL  SCIENCES; 

being  a  Practical  and  Analj'licai  Digest  of  the  Contenti  of  the  Principal  Britiih  nod  Con- 
tinental Medical  Worki  publiihed  in  ihe  prinxding  Halt  Voir;  together  with  a  Critical 
Report  of  the  Frc^ieu  of  Medicine  and  the  Callalcral  Sciencei  iluring  the  uina  peiiod. 

Volume*  I.  to.XX^  6i.  Ed.  each. 

"  Tlie  lifting  which  the  JDanula  uid  otiicr  medical  itorki  undergo,  and  the  juilicioiu  kclectioa  frfna 
their  pftge«o(painUDf  pruticAl  intemt,  udof  diaeorerieior  imponuce  ia  the  coiUzenJ  Kicnm,  form 
fenimpoTtMnlput  of  thediit^  of  the  editor;  ud.  Bfier  a  cKretuL  nainiii;ition  of  Dr.  Ranking'*  Tolumea, 
we  a»  bound  to  fllmte  that  the  dutj  hasbrea  nint  lAly  fetit>fmtA'"—frtfnineialMedicalJotirnal. 


DR.    DU    BOIS    REVMOND. 

ANIMAL  ELECTRICITY;    Edited  by  h.  bence  jones,  m.d., 

F.R.S.     With  Fifl;  Engtaringt  an  Wood.     Ful.l^<cap  8>a.  cloth,  til. 

"  Tlii*  flmall  ToLume  ii  a  Taliuble  addiboD  to  odj  >eientii5c  titermture.    Thove  whorrad  with  attentioa 
will  Icam  manj  moat  important  facta  from  thU  work,  tnii  it  dcmandj  aueh  BttcntioD." — Aikenaam. 


OR.    RBYNOLDa. 

THE  DIAGNOSIS  OF  DISEASES  OF  THE  BRAIN,  SPINAL 

CORD,  AND  THEIR  APPENDAGES.    Poit  Hto.  cloth. 


MR.    EVANS    RIADORC,   F.R.O.8.   F.L.8. 

ON   SPINAL   IRRITATION,  THE  SOITRCE  OF  NERVOUS- 

NESS,  INDIGESTION.  AND  FUNCTIONAL  DERANGEMENTS  OF  THE 
FHINCIPAL  ORGANS  OP  THE  BODY;  with  Case.,  illnettnling  the  Importance 
of  attending  to  the  peculiar  TemperaCnre  of  the  Patient,  and  the  moat  auccewfiil  Mode 
ofTreatmeDt,andiHi  the  legitimate  Remedial  Uk  of  Water.     PoitBvo,  cloth,  5i.  M. 

THE    REMEDIAL    INFLUENCE  OF    OXYGEN,    NITROUS 

OXYDE,  AND  OTHER  GASES,  ELECTRICITY,  AND  GALVANISM.  PoM 
Sio.  cloth,  5i.  6d. 


I 


MR.     ROBERTON, 
roamaLT  lairioa  luiaaoN  to  tbk  KjLvcuiiTaa  and  aaLroao  Liiaa<tH  HoariTaL. 

ON  THE  PHYSIOLOGY  AND  DISEASES  OF  WOMEN,  AND 

ON   PRACTICAL  MIDWIKERY.     8yo.  cloth,  12*. 

"  We  ban«(]^  ncomtnCDd  iliii  vork  ta  our  rtuSen  u  one  alcu1at«4  to  kntcml  Ibeo  in  Ibe  higheit 
AKgttt-"—PraBauniU  Medical  and  ^urgieut  Jountitl. 

We  rrconipnid  tbii  work  verj  atToniriT  u>  ■!!  eng>Rd  in  obitetric  prviicc.  or  intcroLed  in  Atlino' 

"U  'tudie^P    It  poucue*  prBctLckl  unLur  ftod  phytiDlooiol  iiii«r«it,  cDDibuwd  with  tb«  frutt  or  » 

expericocei  great  pmei  <^  obKrv«tioD,  uid  uieitauJTB  lod  wtxitd  truditiwi'^^U edirat  Gazf tit. 


r 


MR.  CHUnCHILLS  PUBLICATIONS. 


-•«- 


-»•- 


-**- 


OR.    -W.    H,    ROBERTSON. 

TKE   NATURE   AND   TREATMENT   Ol-    GOUT. 

Uvo,  cloth,  lOi.  M. 

*■  WpfannoT  ronrludv  Ihi*  noIi«<l  lit.  Rol>FFt>un>  trtft(i*c  vitboul  airdinUf  rvmrnlrlCTidiDf;  it  b«i 
•nund   BTiil  ]iiiirlir»l  •orli.  filled  for   rrftrenrc,  linlll   «   ■  iDik  uf  ln((.nii«tiun  on  Ilir  •ulym   and 


A  TREATISE  ON  DIET  AND  REGIMEN. 

Fnunh  Edllioru     2  vol*,  post  Bto,  cloih,  12*. 


ilnJIH 


'■  It  I«  ■fOTfclj  OMfHtfy  tlml  wp  ibould  ^dd  oar  hun^  Tercmunendohtui  o/  r>r-  RoliRtHm**  I 
not  nmrty  id  out  nu'tjicol  Fudrn,  faul  la  lb?  public,  orn  wboin  Ibrt  bAv*  an  inMucDn.    It  it  Diieof  Chc 
few  hoohi  nhkrh  lA  livitimKfl/  «d«prfJ»  biilb  Ui  tubjccl  hdJ  mumei  of  trcaOutrDt,  (o  IrtUi  ( 
£r)f;«A  Find  *'"r''ifn  Mfdici'-CAirurgiCfit  H^rMr. 


D  R-       ROTM. 

ON   MOVEMENTS,     Ao  Exposition  of  thdr  IVinciplos  and  PrttH^  ' 

lh<^  Curmtiiin  of  ihc  Tfnilrnrio  to  Uiifup  in  Infwicy,  Chilrlhonl,  anl  TotttluBM  1 
the  Can-  nl  niniiy  MorliM  AITectumi  in  Aduli*.    lUiitimicd  with  nutncmu  KngaiTiiip 
on  Wood.     f!!0.  iJulh,  1  Ol, 


OR.    ROWE,     F.8.A. 

DISEASES.     LniR    AND    STOMAm    COM- 

1.0W   SPIRITS.   INDIOKSTION,  (iOTTT,  ASTHMA,  AND   DrS- 


NERVOUS 

PLA1NT3, 

OHDERS  PROIIUCEU  I!Y  THOl'lCAL  CLIMATKS. 
Edition.     Fciip.  8'o.  2<i.  Gi/. 
"Dr.  Howe,  (ii«  Gi>t  <^rifiii  or«1io>e»orii  ■ppcvvdin  JSM,  cUIeu,  withjuiticc,ft  priueiljaf  aiUlMK- 

■hiporer  niiny  other  HTitcn  in  i>iit  Add  of  iii(|urT." — Lvcel. 


Wiib  (.'am.    Founcmtli 


OR.   ROYLE.   FJt.S. 

A  MANUAL  OF  MATERIA  MEPICA  AND  THERAPEUTIi 

Witli  numpruua  Eii(iraviji||^  on  Wood,     SrcoT>d  EdiUun.     Fcnp.  ttvn.  doih,  1 2f.  S^ 

^'Thu  IB  anL*[liFrflf  Uiat  btBuuful  and  chcAP  Hhc« 'tf  klDnoaJ*  pQblk*bFd  Ur  MrClmrrbill.  TTim^ 
GUticin  or  the  wuod-ruta  uE  jilania,  flowLn,  and  fruiU  ia  iidaiirsUff,  The  work  it  uiitecdt  m«l  rkloafali 
OiUp"— fln'/uA  a4<(  Fofeijfn  Medicai  Rriii'v. 


DR.    9HAPTER, 

THE  CLIJIATE  OF  THE  SOUTH  OF  DEVON,  AND  ITS 

FLUENCE  UPON   IIHALTH.      With  nh^n   AcLonntJ  of  F<i!tpr,  TciniuHy, 
Tdciutb,  Ddwliaht  EnDoulh,  u^idmoalh,  \c     lIlDslnLteJ  with  A  Map  gv?oliigi(A[ij'  ^ 
Post  Cvn.  cinlh,  7-^  fi''- 
"ThJ>  Fo1um«  It  for  edqfv  (ban  %  ^ludc-book.     II  fonruiu  tniich  «ututif*l  Li^iAiiiaCMiBi, 

mEnutr  lont  drulU.  that  ml;  be  kdvuiUB^nitBly  coQiolivd  b;  Ihe  mtdluj  mui  before  Ik 

VI J  apeoBe  miUlDqee  in  DevoDthirr  la  hie  pftti«it."^JMi 


THE  mSTORT  OF  TilE  CHOLERA  IN  EXETER  IN 

.  Mnp  unil  W'oudcuu.     8va.  cloth,  1:^ 


\    THE  mSTOI! 

m  Illustniird  with 


^ 


r- 


-»f- 


-*o- 


HR.  CBUaCBlLL  8  PIJDL1CAT10N&. 


"•*- 


-»•- 


MR.    SAVORY, 

A  COMPENDIUM  OF  DOMESTIC  MEDICINE.  AND  COMPA. 

NKIN  TO  THK  MEDICINE  CHEST;  cnmpriBinft  I'lnin  Dirwtiont  fw  liip  Kiii|il"y 
mpnl  of  Mpdicinffli  vtith  thrir  pT"jK'rtio6  hdA  l)fl9ir*»  Btid  Uriof  Ui'faiijtjun*  uf  Llio 
Sympioms  mid  Trcatinenl  i)f  Diwiur!,  nnd  of  the  Uiwirdi-r*  incidi-iiinl  lu  iiifanii  unit 
CliiUrcn,  with  a  Ss Iwlian  of  the  num  I'Hitiiriaiu  PreHiri[; lions.  InLiidcii  at  a  ISoiireB 
of  KuiT  KoferuDce  (nr  Clergymen,  rind  Cm  Fui'iilira  rutidiog  ut  a  Di>Uuice<  tioin  I'mfvi- 
»iomJ  Auiatdiiciu     Fourth  EditioD,.     ISmv.  dothi  5m, 


MR.     SHAW. 

TUE  MEDICAL  REMEMBRANCER  i   OH,  BOOK  OF  EMER- 

DKNCIfiS:  in  which  nre  coDciscly  ptiinlai  out  thi'  Ininifdi-ilL-  Knncdiei  to  iir  iidoj'lcil 
in  Ihc  First  MompnH  of  l)iini(rr  fiiiiu  I'oiwninff,  Oroiniing,  Ap-iplpsj.  Itiini«.  uiid  nlhet 
.     Ai:cidc'iiu;  nith  the  Tpat»  for   Ihc    Princi(uil  Pajsoai,  oiid  ollm   ai-:(\A    lnfDruui:i(in. 
Third  Ediiiuu.    3-2niD.  clolli,  2j.  6.1. 

"  The  J1I4&  of  thia  Utile  hook  It  vrll  conceited,  and  thp  qMuIion  cvrrrtpDnda  IbcrcunrD.  It  call* 
litrtfl  iiiuncj,  ind  will  cwmpy  litEIc  riKm-,  pud  m  rhiok  no  pmetitiDner  will  re^rrcE  briuB  the  poitciuf  of 
whHt  cuiQolfBU,  lODDar  or  later,  to  be  UHful  to  hiio.*' — BritlthiuiA  yt/roigii  JtedicniiUoitv, 


8vo. 


MR.   8KEV,   P.R.a. 

OPERATI^Tl   SURGERY  ;  mUi  IIIuatraUonB  engraved  on  Wood. 

doth,  !«!. 

"Mr,  SJier't  work  is  b  iTCrfccI  m'HlE^l  fi>r  *hc  oiicntinff  *ur)ivo1t.^tin  will  IcvntrDm  it  nnl  only  wkm 
hfld  hot*  to  OpcmU.  hoi  kiUiF  mori-  unMc  and  cuiUuil  IcHunt.  wliicb  iiiniiiii  lul  to  iioprove  Uim  u  a 
oiond  and  wfcial  m^-nl,"^KitiftbftrfrS  Mcitieol  and  Surf^cal  Jiiumil. 

"We  pronounce  Mr-  akny'"  'OpefnliTe  Surjrery '  In  be  n  work  of  the  very  highest  loiportnre — a 
work  hy  jt-elf.  The  CDn<ectneu  otoul  opinion  vc  CrUBlftULf  lease  U,  lliG  ju^lKnienl  of  the  protcHiioo," — 
Mtiical  GoMttll. 


LECTURES  ON 


DR.      SPURQIN. 

MATERIA  MEDICA,  AND 


ITS  RELATIONS 


TU  THE  ANIMAL  ECONOMY.    Delivered  bcforo  the  Ro^nl  CoUcge  of  Phjsieiuii. 
S\-a.  doth,  01.  &J. 

"  Dr.  Spargiii  hae  endmtir  derotBd  much  time  and  laboor  to  th«  «oinp«iIiDq  oF  Ihean  lecturea ;  and 
the  reaulc  i«,  that  be  haa  produced  one  of  the  Dinat  pbiloiopbicaJ  eaaaya  on  the  subject  of  '*  Malona 
Ifediea'^  eaiiling  io  the  En^jah  lanpiage." — Psj/ehalogtirut  Joumai. 


DR.   W.   TYLER    SMITH. 
rDiaicUK-ACDorcniuv  to  ar.  waiT^a  B(^rlT4b. 

THE  PATnOLOGY  AND  TREATMENT  OF  LEUCORREOJA. 

Wilh  iiugriiviDds  on  Wood.     Bio.  cloth,  7j. 

u. 

THE   PERIODOSCOPE,  a  uew  Instrnment  for  lictermlning  the  Date  of 

LqIkiut,  nnd  other  Obit*lric  Cnlciilnliolil,  with  nn  Eiphinnlion  of  ilt  rip«.imd  nn  Eamy 
on  the  P^tiodii:  I'hEnDiuma  niiending  Prrftniincj-  nnd  Pnrtiiriiion.     tli-o-  doih.  4i. 

"  Wc  anticipate  for  the  Hork  (hat  which  it  dnerret  far  iti  novelty,  ingirnuity.  and  uCililT — a  ttldfl 
circulatiDa.    It  ahould  Lie  in  the  baqda  of  jiil  oedieai  inirn  whn  praetiae  midintetT."— JfAfica/Oaavffe* 


□  R.     S  N  O  W.  ^ 

ON    THE    MODE    OF    COMMUNICATION    OF    CHOLERA. 

Second  Edilion.  much  Flolnrgcd,  tuid  lUiutnitcd  nith  Mnpa.     Kca.  doth.  i(. 
f<»^-« ^^^ 


S***' 


Ha.  caU&CHlLL  S  PUBLICATIONS. 


M».    SQUIRE, 

THE    PIIARMACOPCEIA.     (LONDON.     EDINBURGH.    ANF 

DUBLIN,)  luraiijitd  in  n  tnnttnicnl  TiUfl.Ali  FiiBM,  both  In  luit  the  Prctrribcr  fiit 
comji^riAgD.  nn'i  thi'  Dispiuiufr  for  mfiipounding  the  lifniiiila;  vitli  Nolri,  ThC*,  uid 
Tnl>li>!k     8vD.  (.loth,  12.. 

"  Ur,  SEioire  h4B  rrudared  piod  hrrvifc  Ln  mil  who  either  jiretcrihr  or  ditprote  mediritira  bylhu  Wflrt, 
Ifc  bBA  aiicrcFitf^tl  in  brin^iOK  lr,^Lhcr  lh#  ■tniilur  T'lruiulrc  Tvr  rcHilT  raiopuiton  uid  rrfcfvutc  llkt 
.vork  vffrre  a  ■crikiiig  rooiLuon^  i>a  the  nrri^^titT  ^f  uoiforruit;  m  fho  iLrtn^  uad  preparmDAn  of  4  " 
■ur^LliiiLnei  wliirb  Are  iideil  in  lEar  Uplif  d  KLJipdanl-" — Lan^'el- 

"  A  ii^ry\t]iir.bJr  wi»fl(.    Mr.  Si[Eiirr'«  voluoit  rornbloet  cite  fonoulf  of  Ibt  thrtt  Pbrnnomrnpa^ljis,  j 
□t  one  iFliutrf!  .h'>iti  Tlbe  diff^^rrncr  lit  the  iiSkeiiJ  prcpmralLuiu  of  the  liintt  kingdoniB-" — .tfnJuW  TiaA_ 

"A  uioat  cianvcnifui  mill  weU-A'TKiip^d  wrirh;  it  will  b«  foutid  uf  T«rjr  f^reat  urilitf,  boUi  m  Ibe  pre- 
■criber  mod  to  tb?  diflpenAer."-^Af«tfLfH'  GaifUK- 


J.    STEPHENSON,    M.D,    <i   J.    M.    CHURCHILL,    F.L.S. 

MEDICAL  BOTA.\Y:    uii,  ILLUSTRATIONS  AND  DESCRl 

TIONS  OF  THE  MEI>1(,'INAL  PLANTS  OF  T»K  PUARMArOPa-LUS;  ■ 
prising  ■  pa[iu1ar  uid  Kienlific  Account  of  FuiiunuuB  Vcgvlnbla  indiuit'Duui  in  (>t 
Bhtun.    Edited  bj  GILBEAT  BURNKIT,  K.US.,  Profcunr  at  ItaUuij  ia  Kid 

Collcgr. 

In  llirL>c  hiuiiliotne  ruvat  Rto.  voliinm.  rlluitratcd  by  Two  Hundred  Eognrinft*.  biaM- 
tifiillj  drjoiu  and  culuurcd  from  nature,  ubiU  iTttcn-d. 

Reduced  from  £6.  Gs.  /o  £4. 

"Tbe  moat  complcrp  ind  cnniprefacDaiTe  work  on  Hcdifsl  Botaqv/'-^/'Aip-rn'O— vfii^./.ravnfe«/. 

"So  hi^h  Is  oor  nfiioinn  iif  ThK  wi>rk,  thai  we  ntfOnKwnd  Arp^   .l^iiiriiE   bI  eollcdCv   Bod  * 

■nrgCDo  nbu  gue*  ■bitiHd,  to  h'i'e  >  eopy.  u  oat  of  the  oKatial  cuiutitucDi^  ol  hu  libaiTk.^ 


dr.  st  eos  all. 
students'  books  fob  examinatiok. 

A  MKDIOiL  MAXUAL  FuE  .U'UTHKl'ARlES'  HALL  A-ND  t)THt:it  MEOK 

BUARDa    Eluicntb  Edition.    ISioq,  cloth,  lOl. 

II. 

A  mXDAL  FDR   TJIK  COLLFCE  OF  SIIRGEOSS;   iuwmlf.1  for  the 

of  CmididatEB  fur  Eiuniinalion  iind  PracCitioni'n.      Srcund  Ediiiuu.      I^uu.  doth.  If 

IlL 

GREGORY'S  CONSI'ECTUS  MF^DIClNii  THEu!iETir,E.    TbeFireipMt,. 

titjnin^  iho  Ori)^al  Text,  with  an  Ordo  ViTbarum,  nod  LitBal  TraniliUlaD,      ISom. 
doth.  U)f. 

THE  FlliST  FOm  BOOKS  OF  CELSrSi  cout«inmg  iho  T«t,  Ordo  V. 

bonun,  and  TniDHljitioD.     Secun'l   Edition.     I2ido,  cioth,  JI0. 

*«*  The  Above  two  varka  compme  the  eotire  Idlin  Clana  reouircd  for  KUBlaati^  «| 

Apotbechnea'  Hall, 

V. 

A  TEXT-BOOK  OF  MATEm-MEDICA  ASD  THKKArELTICS.  12u.o.daih^l 

VI. 

A    FntST  UXES  FOR  CHEJflSTS  AND  DUrOGISTS  PREl'ARLNG  FOK 

A  AM:naTION  at  TUE  I'IIARMACEUTICAL  aOWETY.     U^ol  doA  Ifcl 

^<»<— «^ — 


r~ 


-!•' 


ME.  CBVRCHlUiS  PDBU CATIONS. 


-•*- ■ »♦- 

DR.    ALFRED    TAYLOR,    F.R-S.. 
mi-rninB  on  hidiui.  jdiuphiujiiici  aub  <:niaiaTiii  *t  but'i  HinriT*L. 


-f 


A  MAMJAL  OF  MEDICAL  J  UKISPKUDENCE.    Fifth  EdiiioB. 

Vaiy.  Uvo.  cIpiIi,  \2a,  &/. 
"  We  m^DiniiiciM   Dr,  Titlnr'i  *ork  m  the  abtot,  luo-E   niinprrlitniitr,  mil.  iboir  all.  iht  mo>t 

tnrttc^d  u>ffut  Tiuc»li  ulikch  ru»it  on  the  lulijrcl  ot  l''inl  iikrilicLTiE,      Ant  ntui  "i  acpuai^  ^uiliimmt,  ufaa 
44  iii4»r''ie«l  Ihc  c"nl*nU  orr*j'li*r'«  ■  Mrdjcal  Jun^in-nLlffufi:,'  mn*  pu  Irtu  u  U-urt  of  Lui-   '^^th  tbe 
Ennat  iicEivi-i  fiinfiJvncd  oi  Lojnjj  alrle  Tii  BL:i]Uit  htiiiflf  i.'Jvin-M.\t\j,"-^.ytiii'Oi-f.'fiiri/n/tt'ii!l  llfitfiu, 

*'  l]r-T«\lor  (inibT'»4*«  tliF  tikpjt^  uiul  ujirrhii^iB  tiiniBrir  on  ■•Li<'ni(hctopHln  nULlisiMe  ItjiEQA^- 
Thf  tile  uHkht  M411UJ1I  iita  litij  bv  ■  arcuitcunjiiuuoii/'''i'Ov  ruiiH. 

ir. 

ON    POISONS,    in    relation    to    MEDICAL    JUltlSPRUDENCK    AND 

MEDICINE.     Fcjip.  B^n.  cUb»  li.  <W. 
"  An  urFll«n(  ud  vuIubLIc  manual,     Wt  pFcdift  fur  it  ■  rrif  fivounMe  n«ptioii  far  the  prqfD»iob' 
II  couUUn>  bJJ  that  kinJ  ai  mronukiiou  nhith  a  niFditraJ  ni»n  biU  1>p  flad  to  hue  vctu  Id  vWd  be  hu 


MR.    TAMP  UN,    F.FLCS.Em 

LATEHAL  CUItTATCUE  OF  THE  SI'LNK:  iu  Unses,  Namre.  auJ 


i 


OR.    THEOPH1LU3    -THOMPSON*    F.R.S., 

riTTtJCIAII   TO   Th*    ■l-0VPtO<r    POII-ITaL    tot    COSaUHrTIO*     *-Mi    DltlA>1*    O^    TBI    CnftiiT' 

CLLMCAL   Li:CTl-]U';S    UN   PULMONARY   CUNSUMPTIUN. 

"  TTiP  MirMi*  wt  h»Tt  »l*tM(lT  niBile  ara  luffidcnl  V*  ttinn  the  pfvlical  chjiraclpr  uf  Ur.  Thoni|i*iii*» 
wnrk.    Tbc  (ulunir  abDUDdp  ii>  uicliil  buiI  iiuitrui-ii  «e  u>utl«r,  aa4  lUaplftfa  Ui-  I'hviupiiHi'i  tnunu  id 


HENRY    THOMPSON.    M.fi.  LONO,.    PR  C,3. 

BUKaCOH    TO    mi    HlAEVl-RIO^e    Atta    TO    TUB    BLET^nEIRi     Dl  irM  >hA>l  Vfl. 

STKICTURE    OF    THE    UKKTHHA;    iw    PHiM-gy   aad   Treatm^t. 

The  ]n>t  Jutkanniim  Trailii*  uf  liie  Krijul  Culli-gP  of  Surgconk.     Wilh  PliiU'a.     8vo. 
duth,  lU'. 

DR.    TILT. 

ON    DISEASES    OF    WOMEN    AND  OVARIAN    INFLAM- 

WATiON    IN    RELATION   TO   MORBID    MKNSTRL'ATION,  STERILITY, 

PELVIC  TUMOLRS.  AND  AFFIXTIONS  OV  THE  WOMB.    Swond  Ediliun. 

Ovu.  cluih,  9>. 

"  Wf  ri^joicF  Id  tec  Lbftt  phyvicLUDi  vf  wiifhl  anr!  aulhoriE^  itf  1>e^ifliiiiig  to  lnoli  be/nnd  the  m  mad 

£Fr>i)i  iLtpn  Tot  Ulc  rauveq  iif  EiLp4!HBc  m  (hriF  purl*.    AJrindj  a  rEfi>rin&[]iia  iDiDCAbil  uiaIu^iu  ro  w1t4t 

Ah<-fTiplfi.t  pffii'ltd  for  surreal  ditrutA  hu  nuDDinriwd,  uid  wb  feel  uioiTd  thai  l>r.  TiLlS  wotV  *"U1 

pi>Hi'KuLiv  t-i-^i]'rifilt  ig  hrlpiij^  ii  lumanl.  and  in  plofjng  Ibc  pa{|»l<i|ff  vid  tb«flpiriitJ(i  ol  itiicAAeaaf 

the  fcDuLr  ^eacutivE  QTgjini  upon  »  aoutlit  and  pennitocjil  baala,  "—i^uUifi  Quarf ef  f^  i^Alfur. 

ON  THE  TRESEKVATION  OF  THE  HEALTE  OF  WOMEN 

AT  THE  CRITICAL  PERIODS   OF  LIFE.    Fwlicap  8vo.  cloth, -l..  (W. 
MR.    TOD,     M.R.C.8. 

A    A   DISQUISITION    ON    CERTAIN    PARTS   AND    PROPER- 

M  TIES  «f  the  BLOOD.     Wilh  lUuBtaitire  Woo.Uuu.     Hvo.,  lOs,  Sd. 


v»— -»«* 


f" 


*«- 


-*•- 


MR.  CH0RCHILL  S  POBLICATIOPJS. 


■•€- 


-»•— 


DR.  ROBERT   B.  TODD,  F.RS.. 

rilTirCljlW    TO    KITm'!    CDliliEGE    huEPITAL. 

CLTMCAL  LECTITRES  ON  PARALYSIS,  DISEASES  OF  THE 

BRAIN,  and  otber  AFFECTIONS  of  the  NERVOUS  SYSTEM.    Foulnsp  8™. 

"Tbp  warh  wUI  KQoa  he  Id  (he  luuida  of  mry  pnctitioaer  kbadenlrea  (nbv  [qfondc<)  of  tbe  pr**flBl 
tUtt  nf  knowledge  in  ngu\l  la  diioiACB  nf  Uit  DtTTOua  ajulcio-  h  u  «eMiliDf W  essj  nAdiru:.  and  r^ 
pieta  witb  jiut  njrh  mToriDHtioii  u  Lhr  iricnliflc  pnu^ticiDjieT  rpqnirei/' — Medicitl  Timet  amd  laAtrtttm 


MR.    TUKE. 


DR.  JACOBI  ON  TEE  CONSTRUCTION  AND  MANAGEM] 

OF  HOSPITALS  KUR  THE  INSANK.     TmnilnW  (h.ni  Lhc  Gamwi.     Wilt 
tiodutlorj  Ub»rTiilJoni  by  ih«  Edilor.     Witb  Pktei.     fivo.  clalb,  9«. 


DR.    TURN  BULL, 

rHTBICIAK  TO  TbB   UVknrool   HokTUBftfr  dDAriTAL. 

A  TABULAR  VIEW  AND  SYNOPSIS  OF  THE  PHYSICAL' 

8TUNS  AND   DlAiiNOSIS   OF   THE   DISEASES  OF   THE   LUNGS.     Wilh 

WwmIcuU,  inoutitod  on  olotb,  Ar.  bmudL 

*'TliI»  Obulu  view,  BflbrdiaK  a  Hup  d'tril  uf  lilt  rtuioq*  KUHuHalury  Ac  phoionspna  diwrmiblv  n 
he&lLh  nnd  riueu?.  wUI  jiruTc  uiefut  id  idbhj  jincfitioDcrtt  oi  well  ai  iiiiileiiu,  in  their  inv^fflfaHDn  irf 

AN   INQUIRY   nOAV    FAR   CONSUJIPTION   IS   CURABLE; 

WITH  OBSERVATIONS   ON   THE   TREATMENT  AND  ON  THE  USE  OF 
COD-LIVER  OIL  AND  OTHER  REMEDIES.    Si;coqJ  E.litioa.     B.o.  cloth.  U. 


OR.    UNDERWOOD. 

TREATISE  ON  THE  DISEASES  OF  CHU,DREN.    Tenth  Ediiia 

with  Additiaat  aud  CorrK^onB  b;  HENRY  DAVIES,  M,U.     Sre,  cloth,  15b 


VESTIGES  OF  TIIE  NATURAL  HISTORY  OF  CREilTION. 

Tenth  Editiuo.     HIuBtntcd  with  I  no  Eagravlugi  nn  Woud.     Htd.  clolh,  I2(.  6gL 

HV    THS   SAUB    jll.'THOB. 

EXPLANATIONS:  A  SEQUEL  TO  "VESTIGES." 

Secand  Edidou.     Poil  Bn.  cluth,  fii. 


DR.    VAN    OVEN, 

ON  THE  DECLINE  OF  LIFE  IN  HEALTH  AND  DISEAS 

being  OB  Alii'nipl  lo  laT«ti|];ute  the  Giii9i.'>  of  LONUEVITY,  mil  tlic  Ikti  Mi-am  i 
Allniuing  a  Huillbful  Old  Age.    B»o.  doth,  iO:  8J. 


D  R.     WAOSTAFF, 

4   ON  DISEASES   OF  THE   MUCOUS   MEMBRANT.  OF  THE 

m          THROAT,  and  tJicicTrentiiicntlijTo[u™lMcdi»tion.     Poit  Kto.  doth,  Ij. 
^<»«— «— —- — 
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MR.  CHDECHILl's  PUBLICATIONS.  M 

MR.   WADE,  F.ttX3B-,  * 

■■HID*  (iiBioii  TO  TBI  wi(THiiigTiii  DtirtnainT. 

STRICTTIRE  OF  THE  UEETHKA;  its  CompiiwtionB  and  Effect. 

With  Pmcticsl  ObKiTBtions  on  its  Cauut.  SjnipMmi,  nnd  Tnatment;  and  on  s  Safe 
and  Efficient  Mods  of  Trstting  ita  roan  Intractable  Fonna.    Sid.  cloth,  5t. 

"  Bf  r.  Wade  It  imU  known  to  hava  paid  ^rait  attcntinn  Co  t)ie  auHjae t  of  anictnrF  for  mmoT  jcwa  pait, 
■nd  ia  dnsrcdlj  kHkad  iipoB  M  an  uubonlf  on  thia  malter."— JUailical  Tiaaet  and  BuiHa. 


DR.     MTALLER, 
LacTciH  on  HiDWimr  IT  IT.  TBOMia'a  naariTAL. 

ELEMENTS  OF  PRACTICAL  MIDWIFERY;  OR,  COMPANION 

TO  THE  LYINO-IN  ROOM.     With  Plata.    Third  Edition.     IBmo.  cloth,  3.,  (W. 

"Sludrata  and  pntlitionna  in  midwifarr  will  And  it  ao  invaluible  podet  compaaioD." — MaUtol 
Timt4  awl  Ovtllt. 


MR.   HAYNES    WALTON,   FR.C.S., 

aCaOtOH   TO  TBI  CKKTIAL  LOFIDOH   OFHTHALHIC  BOaptTAL- 

;;     OPERATIVE    OPnTIIALMIC     SURGERY,      With    Engravings  OD     5 

Wood.     Bvo.  cloth,  18«, 
*'Wt  hkwt  euiHuU/  eiLbttiiDeH  (be  bookf  uid  am  conaiatentlj  ht.  Umt  it  ia  emlnentlf^  x  prutictl 
wotkt  eviDdrig  in  iti  nutfaor  gnat  ntcvrh,  a  thorDu^h  knovledgg  of  bu  luluect,  nnd  u  utumu  ud 
sunt  obacFTinir  miml-"— i>iwin  Quarterly  Journal. 

f  —  f 

DR.   WARDROP. 

;     ON  DISEASES  OF  THE  HEART.    8vo,  doth.  12*. 


I 


DR,    EBEN,    WATSON,    A.M., 

LBCTVIXm  OK  TBB  InaTITVTIft  OF  HIDICIVI   lEf  TQI  AlfDEBBaNIAK   HRLTIUETT.  OLAUOW. 

ON  THE  TOPICAL  MEDICATION  OF  THE  LARYNX  IN 

CERTAIN   DISEASES  OF   THE  RESPIKATORY  AND   VOCAL  ORtlAKS. 
Bvo.  cloth,  G(. 


DR.    WE 00. 

OBSERVATIONS  REUTING  TO  THE  SCIENCE  AND  ART 

OF  MF,DICINE.    e™.  cloth,  B», 

"  W«  hare  much  p)eaaure  in  itaciD^.  thai  the  work  ii  highlr  inatructiTC,  and  proclajmi  Ltj  autlkor  Id 
be  a  aobct,  aound,  and  nhle  pbjiioan."— tondim  .IwrBni  o/  JK«iici«*. 


MR.    T.    SPENCER    WELLS,    F.R.O.S, 
LATi  AaaiaTAHT  aciaiaii  IK  halta  BoariTAi. 

PRACTICAL  OBSERVATIONS  ON  GOUT  AND  ITS  COMPLI-   ' 

CATIONS,  and  on  the  Treatment  of  Joints  Stiffened  bj  Gouty  Depoaila.    Foolscap  Sto. 
cloth,  5>. 
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MR.  CHDRCHILLS  PUBLICATIONS. 
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DR.    WHITEHEAD.    F.B.C  8„ 

■biaiOH   TO  Tim   HAn4Ut«Tia   am.  tALrQlIt   LVIHQ'tn  ItaflPltA^ 

ON  THE  TRANSMISSION  FROM  PARENT  TO  OFFSPRING 

OF    SOMK    FORMS    OF    DISKASE,    AND    UF    MORBIIJ    TAINTS    ANB 

TICNUENCIES.    Bvo.  ilnlh.  10<.  6rf. 

THE   CAUSES    AND    TREATMENT   OF   ABORTION    AND 

STERILITY:  VinR  i^*-  n"*"lt  of  an  ciii'iiJp?!!   Praitital   lininin"  iut"  lb#  Phjaialnipfrf 
Aiitt  Morbid  Condriiors  of  ihp  UfTua.  wiih  rpferrHc*-  emiiecLiUy  w  LeuoniuBd  Af» 
tiiriiKt  ftiid  tb«  I)tfp?v7i-a  of  AlriiMruation,     Kvck  daih,  I'Jf. 
"Thr  work  u  vBluihlc  uid  inilnictiv^.  ■nd  «iit  rlitt  nJttctt  modk  Crvdll  ft]D(«  ra  jtm  hrtilrj  laj 


MR»    WtLUAM    R,  wmOG.  F.R.C.3. 

AURAL  SURGERY.  AND  THE  NATURE  AND  TREATJI 

OF   niSEASl-S  OF  THE  EAR.     flm  cloth,  |-J#,  &L 
"  We  hM»p  mi  hriiUEinn  La  cipniinnir  odi  opknUni  tb«t  Ute  bvok  \thfHr  th«  b«vl  (fvattx  m 
tfurguy  which  Iua  tat  ippcarvd  uui>  bia|fmiff«-*' — Xedii-ni  Thnn  vtd  G**M'. 


OR.  JOHN    OALTHROP    \A/1LLIAM3. 

PRAPTICAL    OBSERTATIItNS    ON    NERVOUS    AND 

I'ATHBTIC   PATJ'ITATKIX   OF  TUF,   HKART.  lu  wfU  u  on  Palpitation  tbt ' 
KmuIi  of  Oripinic  Uijcniio.     Sii-oiid  Edition,  Uto,  duih.  6». 

"  PfMa  thr  rttrwM*  WF  b%%e  ^rin.  i^ur  itadm  will  trr  (hil  I'r.  ^Vl11i■JD*'t  tTT«ti«<  it  huth  1 
pimniciJ."— .W-rfpc*'  5l«'". 

"  Tht>  work  ik  cilFuLafciJ  W  add  lo  tbc  auLhor'a  ivpuuiinn,  4Qi1  It  u  creilltAhlF  m  tbr  pfWtArul 

Unlieal  Pi'i. 


-MM*  ' 


DR.    J.    \A'II.UA1M3. 
I. 

INSANITY  :     its    Causes,    Prevention,    And    Cure ;    inoludiiii;    Apitplfl 

EjHlepiy,  and  Cntigniion  a(  tbo  Bnid.    Spcontl  Kdilim.     Poit  Sro.  cloUi,  1  Oa.  ^d.  \ 

ON  THE  ANATOMY.  PHYSIOLOGY.  AND  PATHOLOT.Y 

THE  EAR;  Iwing  ihc  Prize  Euny  in  tbo  llaircml;  of  Edinburifih.     lAlth 
Sm.  cloth,  lUi.fu/. 


OR.    JAMES    WILSON. 

THE  PRINCIPLES  AND  PRACTICE  OF  THE  WATER  C\ 

add  riU'iSKIIOLD  MEDICAL  SCIEN'CR,  in  Canventiont  on  PbrM»l.>gi,  M> 
Pntbnlojiy.  nr  tfir  Nalurc  of  DiM-uc.  and  oD  Digrtllun,  NalrilUB,  Wigliin  ii.  and  Dicb 
Bio.  cFnth,  IDi.  6<i. 


OR,  a.  a.  WITTSTEIN. 
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PRACTICAL  PHARMACEUTICAL  CHEMISTRY:  Ad  F.xpi«o««« 

of  Chrmiciil  mid  Phimiuiti-uliin!  Proi'i'MCi,  Kiib  Ihc'  Method*  of  Ta^ng  th«  PmiK  «fi 
Ih<'  Pri'pAniiions,  dL'diii:<.-d  fmrn  Driginul  Eipcrimrtiu.  TnuuUlol  from  Iht  Sieotld' 
U.Tmun  Edition,  by  STEPHEN   PABBV.     IBmo,  doth,  8.. 
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MR.  cntJBCHILL'a  PUBLICATIONS.  M 

-W — — J^  f 

9  MR.    ERASMU9    WILSON,    F.R.8. 

THE  ANATOMIST'S  VADE-MECUM:  A  SYSTEM  OF  HUMAN 

ANATOMY.     Wilh  ruineruua  UIii»iraiioii»  on  Wood.     Siith  Edition.      Foolscap  Svo. 

tloth.  12..  M. 
*' Aa  ■  HtJirkrtorjr  ptiwf  (hml  the  pniic  we  batowrd  on  the  flnt  editioa  of  thii  work  wmi  not 
unmvnlpd,   *e   mftf  ddscttb  it  bki  been   eqiulLj  well  Lhi>ugbl  of  m  fortl^  cvunfrin,  ha*infr  been 
reprinlcil  tn  Lhe  United  HtaUM  ftad  m  GenniLOjr.       In  ererr  naptct.  Ihu  wark»  u  an  uiATnmicBl  fMidt 
fur  (be  itudeat  uid  the  pnetitioncr,  nurita  mu  wwnuflt  uJ  moiL  decided  pnat."-^Mcdieai  Oaxetle. 

II. 

DISEASES  OF  THE  SKIN;  a  Practical  and  Theoretical  Treatise  on 
ihe  DIAGNOSIS.  PATHOLOGY,  uid  TREATMENT  OF  CITANEOUS  DIS- 
EASES.   Thirf  Edition.    8to.  ehth,  12*. 

Thr  hamk  Wokk  ;    illuntrated  with  fmelj-executcd  Engnrin^  on  Sleol,  atvuratc^ty  co- 
iotired,     Svo.  cEoth,  .'lOf. 
"The  work  ii  tfit  BmiidenbL)'  LmpTored  in  ihe  preunt  edi^DO.     Of  the  plotn  it  ii  impoauUe  to 

tpeik  tcM>  h])Fhl;d     The  repnKTit4iJ0n«  of  the  vuioui  forma  of  cutuivoua  diKBae  ue  ainirularlr  hcc unte, 

uid  the  colouring  eiceeda  klmoat  utfthin^  we  bvvc  met  with  m  point  of  deUcACj  mid  nDith-^BritUh 

tnd  Fordgn  Mrdical  Hmew. 

HEALTHY    SKIN  ;  A  Treatise  on  the  Manageraeat  of  the  Skin  and  Hair 

in  rfUtion  to  Hcalthp     Fifth  Edition.     FoolAcap  &vo.  ia.  Sd. 

"Tbt  atodent  will  be  delighted  to  find  hia  Imboun  aa  miieb  ^cilitkted^  and  fc  few  houn  of  igtre^hle 
aoeirtj  vitb  a  moal  pleaauiLly-writteD  booh  will  Ai>  mnrt  to  make  hita  Kqaunlcd  with  i  data  of  obacun 
diaeHea  thui  kil  thU  b«a  been  prerionalj  writtto  od  the  tubjeet."— ifOikerl. 

PORTRAITS  OF  DISEASES  OF  THE  SKIN.    Folio.  Fa«icaii  i. 

to  XI-    Containing  Four  highly- Aniah«d  Colour^  Plates.     2Uf.  eoth. 
*'  UflL7  be  trulj  deat^iuHd  ft  iplendld  performanee,  •urpualnf ,  In  the  artiaric  beuity  of  ila  deUnra- 
tioiiB,  uid  fuJIr  equallmg  in  their  fldeUtj  to  natare,  mnj  tbipfr  which  ha^  yet  been  brought  out  in  Ibli 
cuuntijr  DT  on  the  conlioeDt'     We  cu  aaittij  apeak  too  atrongLj  ef  the  merit*  of  thia  wotk."—BTilUh 
and  Foreiien  MediCMi  Hftiew. 

"  W«  hare  never  before  aecn  a  work  more  beaatlfidLf  got  up,  both  at  r^arda  the  tniognphj  aad  the 
execution  and  coLouriTig  of  thr  pJatca.  Even  ALbert'a  gnod  ikark  ainka  into  the  abade  whui  placed  bj 
the  aide  of  ibat  of  Mr.  Wilaon'a."— Laurel  * 

V. 

ON    SYPHILIS.    CONSTITUTIONAL    AND    HEREDITARY; 

AND  ON   SYPHILITIC   EBUPTIONa    Wilh  Four  Cdonwi  PI.Im.    Bvn.  tlolh. 
I<w. 

DR.   FORBES    VVtN8LO^Ar. 

LEHSOMIAN  LECTURES  ON  INSANITY.   8«.  doth,  5*. 

A  SYNOPSIS  OF  THE  LAW  OF  LUNACY;  «,  far  «,  it  reht« 

to  the  OrganizAtioa  and  ManAffcniPDt  of  Private  Avjliun*  for  the  Cuv  nnd  TreAtToent  of 
the  InaHne.    In  the  fbrm  of  ■  Chtrt,  mni^ied,  mmmtrd  on  tannu  and  rollera,  price  61. 


MR.    YEARS  LEV. 

DEAFNESS  PRACTICALLY  ILLUSTRATED:  being  an  Exposition 
of  Original  Viewi  u  10  the  Caiuct  and  Treatment  of  DiKam  0/  the  Ear.  Fourth 
Edition.     FoolHap  Sto.,  2i.  Sd. 

a, 

i  ON  THE  ENLARGED  TONSIL  AND  ELONGATED  UYULA, 

a  and  other  Morbid  Conditiati  of  the  Thnat    Fonrth  Edition.    Sio.  cloth,  £1,  ft 
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CHURCHILIS    SERIES    OF    MANUALS. 

"Wo  here  pre  Mr.  Charehill  pnhlk  thaiikt  fur  ihu  pruiti^o  bpnpBl  cotifrtwil  nn  lie' 
Mf^dkd]  I'rafBninll,  by  the  siirieft  of  beaatjtii]  imd  tlieup  AIohdilIb  whitb  bi'nr  hu  imprinL" — ■  , 
Britifit  and  f'om'i/yi  MtdimI  Rtfirie. 

ASOaEaATB   BAKB    70,«00   COPIES. 


DR.  OOLDINr,   BIRU,  F.iLS.,  nnd  CHAIiLES  BROOKE,  M.D.  Csntnh,  F.R.g. 
ELEMENTS   OF   NATURAL    PHILOSOPHY; 

Reing  mi  Ei|ji'rinii'nuJ  iDlmducdon  to  Ih«  Study  of  ihs  I'hyiiud  Scienu't,  vith 
IllLifllmtionB  on  Wood.     Fourth  Ediuort.     Foip-  Hto,  cloth*  l'2g.Sd, 

DR.  CARPENTER,  F.R.S. 
A   MANUAL  OF   PHYSIOLOGY. 

With  DoiacrnaB  Hloitrntioiu  un  Steel  and  Wood.    Second  Editimi.    Fcnp.  Rtd.  doll).  l&H 


MR.   FERGU8SON,  F.R.S.E. 

A   SYSTEM    OF   PRACTICAL   SURGERY. 

Witt  Dumorous  llluitralinui  on  Wood.     Third  f jlition.     Fcap.  Hyo.  cloth,  IJi.  64, 


MR.  FOWNES,  PH.Dt  F.R.8. 
A    MANUAL    OF    CHEMISTRY. 

With  iiumcroui  lllUBtntiout  on  Wood.     FifUi  Edition.     Fcsp.  Htq.  cloth,  12i^6dL 


MR.  WilARTON  J0NE9,  F.R.S. 
A    MANUAL  OF  OPHTHALMIC   MEDICINE   &   SURGERY. 

With  Cnlourpd  Engmvingi  on  Steel,  and  lllostraliont  nn  Wnnd. 
Seoond  Edition.     Fcap.  Hvo,  cloth,  12«,  lid. 


Dr.   H.\NnFIELD  JONES,   F.R.S.,  k   Dr.  EDWARD    H.   SIEVEKINO. 
A    MANUAL    OF    PATHOLOGICAL    ANATOMY. 

TUuAtmtcd  with  numerous  Engmdngn  on  'WihuI.      Fnol^cnp  Ovfi.,  cloth,  ]'2i,  fi^ 


DR.  ROYLE,  F.B.S. 
A   MANUAL   OF   MATERIA-MEDICA. 

Willi  numoroii*  lllmlnitioni  on  Wood.    Seconrt  Editi'jn.     Fiap.  8vu,  doih.     12i.  Sd. 


DR.  ALFRED  TAYLOR,  F.RS. 
A   MANUAL   OF   MEDICAL  JURISPRUDENCE. 

Fifth  Eiiilion.     Fuip,  8vo.  cloth,  I2t.  (W. 

IIV    TUB  H.IMK    .(tiTHOM. 

ON       POISONS. 
Fcap.  910.  cloth.     12iL  Bd. 


MR.  ERASMUS  WILSON.  F.ll.S. 

THE  ANATOMIST'S  VADE-MECUM; 

Jr      A  Svimui  oFllticAsAN-iTouv.    With  numemm  Iliiisuniionum  Wood.  Siilh  E^tim, 
5  Fcap.  Bvo.  cloth,  12..  Bd. 


F34   Carpenter, W.B. 

0298   Prlnclplee  of  human 

Kng. ed   phyeiology.  11576 


